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Foxboro Yoxall 
A Division of Foxboro Great Britain Limited 

Redhill Surrey England 
RH1 2HL 
Tel: Redhili (0737) 65000 
Telex: 892852 
Telegram: Yoxbri Redhili 

Guarantee 
The Company undertakes t o  replace free of 
charge any component of its own manufacture 
(which excludes electronic tubes1 which, in 
the opinion of the Company, is not within the 
specified limit of calibration or is defective in 
material or workmanship under normal or 
proper use, provided that the same is returned 
at the customer's risk and expense t o  the 
Company's works within twelve months from 
the date of the despatch by the Company of the 
equipment to the customer. 
All reoresentations. conditions. guarantees and 
warrenties by law or otherwise howsoever 
exoressed or imolied are herebv excluded to the 
in&&, except as above provided, after delivery 
t o  and acceptance b y  the customer of any 

Service 
The Company is anxious to be of every possible 
assistance t o  you, to ensure your continued 
satisfaction. A ful ly qualif ied Service 
Engineer will call promptly if the need arises. 
Arrangements for  this service in  the British 
lsles should be made wi th  the Company at 
Redhill. In other parts of the World arrange- 
ments should bemade through the nearest 
Representative and/or Factory listed at the end 
of this book. 
A unique feature of Foxboro service - of 
particular interest t o  Companies which do not 
have Instrument Departments or enough 
qualified Staff to carry out regular inspection 
and maintenance - is the Service Contract. 
Under this arrangement, a Foxboro Service 
Engineer will call at stated intervals to check the 
condition and operation of all Foxboro Instru- 
ments in your Plant. The Service Contract is 
also used by Companies for the routine inspec- 
t ion and maintenance of highly technical 
instrumentation which requires specialised 
knowledge and experience. 
The Company provides an expertly staffed 
and fully equipped Training Centre at Redhill 
devoted t o  the  instruction o f  customers' 
Instrumentation Engineers and Service Men. 
The courses cover: theory of operation 
maintenance and application of the principal 
types o f  instruments. Applications f rom 
Companies in the British lsles should be made 
t o  Redhill, Surrey; from those in other parts of 
the world, t o  our nearest Representative as 
listed at the end of this book. 

equipment or apparatus, the Company shall not 
be liable for any loss, damage, injury, delay 
or expense or consequential loss or damage 
howsoever arising from or i n  respect o f  the 
eouipment or apparatus or the use thereof. 

Pyrometer Thermocouples, Resistance Thermo- 
meter Bulbs, and Protection Tubes, on account 
of the severity of their usage, are not subject to 
replacement unless returned unused. 

The Company shall not be liable for loss, da- 
mage, detention or delay caused by fire, strike, 
civil, or military authority, insurrection or riot, or 
for other cause beyond its reasonable control. 
Acceptance of apparatus by the Purchaser shall 
constitute a waiver of all claims for delay. 

Parts 
Parts Lists for Foxboro Instruments may be 
obtained by writing t o  the above address. I t .  
is strongly urged that only genulne Foxboro 
parts be used. Always give the serial number 
f rom the instrument data olate when 
requesting parts lists or ordering parts. 
(Those unfamiliar with Foxboro Instruments. or 
lacking the proper tools and equipment, 
should not  be permitted t o  undertake any 
major service work.! 

Replacement 
The Company has considerable knowledge 
and experience in regard t o  the economic 
life of Foxboro instrument equipment and will 
give advice on the desirability or otherwise, of 
f i t t ing new parts in to  the older models. 
Improvements in design, materials, or methods 
sometimes make it more economic to replace 
rather than repair an instrument which has 
been in service for a long period of time. 

Charts 
To obtain the most accurate and consistent 
recording performance from our instruments, 
we stronalv recommend the use of genuine 
Foxboro and circular charts. 
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GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 
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896P AND 896s PULSED dc 
MAGNETIC FLOW TRANSMITTERS 

Installation and Operation 

The 896P and 8966 Pulsed dc Magnetic Flow 
Transmitters use a dc pulse technique to 
drive the flux-producing coils of a 
2800 Magnetic Flowtube. The standard 
transmittet converts the dc pulse signal 
from the flowtube to a standardized 
4 to 20 mA signal. This signal is 
directly proportional to the process flow 
rate and is transmitted to a receiver to 
indicate, record. totalize, and/or 
control a variable. 

This instruction contains installation, 
operation, and calibration procedures for 
standard transmitters, and use of.the 
precalibrated span adjustment and the 
minimum signal lock options. For details 
of other options, refer to the applicable 
instruction listed on Page 12. 

STANDARD SPECIFICATIONS 
Input Span Limits*: 100 pV peak pulse 
and 10 mV peak pulse; selected by span 
jumpers and a fine-span potentiometer. 

Output Ranqe": 
4 to 20 TA dc into 1000 17 maximum 

Power Requirements 
Voltaqe: 120, 220, or 240 V ac, 
+10%, -15%; selected by link 
arrangement 

Frequency Limits: 47 and 63 Hz 

Power Consumption: Between 20 and 50 W 
(depending on options) including any 

' 2800 Flowtube, 

Ambient T e m p e r a t u r e w  
Normal Limits: 
-25 and +55'C (-15 and +130°F) 

Operative Limits: 
-30 and +7OSC (-25 and +160PF) 

Transmitter Housinq: Meets the require- 
ments of IEC IP65 and provides the 
environmental protection of NEXA Type 4. 

c 
i Electrical Classification: Refer to 

data plate. 

TRANSMITTER 

IWlTH OPTIONAL 

FLOWTUBE 

Figure 1. 
896 Transmitter and 2800 Flowtube 

Installation . 
Operation . . . . . . . . . 
Calibration . . . . . . . . . . 
Link and Jumper Positions . . . 10 
Reference Instructions . . . . 12 

INSTALLATION 
Wiring 

Unlike systems with ac coil 
excitation. ac power must be 
present in the flowube power 
connection box when an 896 Trans- 
mitter is used with a 2800 Flov- 
tube. All signal and power wires 
must be connected as shown in 
Figure 3. 

'Transmitter input values are based on a flowtube peak coil current of 1 A .  
"Output range is given for a standard transmitter. For specifications of the vKious output options, refer 
to the applicable option instructions. 

@'Registered Trademark 
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Use the following type and size wires: 

Transmitter InDut Sianal Wirina: . . -. . -. . . - . . . - L~~ 

multicore, mu1tisc;eened 
(multiconductor, multishielded). 
Foxboro Part ROlOlZS, or equivalent 

Flowtube Coil Wiring: 
2-core (2-conductor). 2.50 mm' or 
1 4  AWG minimum; 300 V minimum rating 

Power Mains Wiring: 
3-core (3-conductor). 2.50 mm' or 
1 4  AWG minimum 

Output Siqnal and Options Wiring: 
0.50 mm or 22 AWG. or laraer. - - -  - -  ~ - .  - -  - - -  >.-. 

recommended. Minimum size is limited 
by mechanical considerations. 

1. If system (transmitter and 
flowtube) was not calibrated at 
factory, complete "Calibration" 
procedure on Pages 6 through 8 
before proceeding. Otherwise, 
proceed to Step 2. 

2. Refer to Figure 2. Unscrew the six 
Captive screws in transmitter cover 
and lift off cover. 

TRANSMITTER 
COVER 

TRANSMITTER LATCHES'Z' 
\ 

CAPTIVE 
DOOR l l F  PRESENT1 SCREW 

CONNECTIONS 

TRANSMITTER 
OUTPUT AND 

- B C  POWER 
SUPPLYWIRES 

TRANSMITTER 
INPUT WIRES 

Figure 2. 
Conduit Connections 

3. If transmitter has a door (supplied 
with some options), turn the two 
screw-type latches on door (shown 
in Figure 2) 1/4 turn 
counterclockwise. Open door. 

Run input signal, output signal, ac 
supply. and flowtube coil wires . 
through separate conduit. Wires 
for minimum signal lock and other 
options can be run through same 
conduit as output wires. Use steel 
conduit for electromagnetic 
shielding. Connect conduit to 
transmitter as shown in Figure 2. 

Prepare input signal cable using 
"Input-Signal Cable Preparation 
procedure on Page 4. 

Remove access cover from flowtube. 

Refer to Figure 3. Connect 
input-signal wires to flowtube 
output terminal block as shown. 
Clamp input cable over its inner 
jacket with cable clamp. 

Remove protective cover from coil- 
drive terminals (shown in ~ - -  ~ ~ 

Fioure 3 ) .  fiowtube is ,-.. - -  - - ~  -~~~ 

installed with two conduit 
connections (see Figure 2) facing 
downstream, connect coil-drive 
wires to flowtube terminals as 
show in Fiqure 3. If flowtube is 
installed with two conduit 
connections facing upstream. 
reverse coil-drive wire connections 
at flowtube. 

Reinstall protective cover over 
coil-drive terminal. Reinstall 
access cover on flowtube. 

Refer to Fiaure 3. Position -~ ~ 2 

transmitter input cable so that 
black wire is near transmitter 
terminal 2 (on left) and white wire 
is near terminal 4  (on right). 

Clamp cable over its inner jacket 
as shown. Butt outer jacket 
against cable clamp. 

Connect input wires to transmitter 
terminals 1 through 5 as shown in 
Figure 3. When connecting wires to 
terminals 1 through 17, insert wire 
in terminal slot so that wire is on 
9 of clamp jaw as shown in 
Figure 4 .  Turn terminal screw to 
tighten clamp. Check that wire is 
secured in place after tightening 
clamp. 

When connecting wires to terminals 
Cl, C2, L1, and L2, insert wire 
into clamp as shown in Figure 5. 
Then tighten terminal screw. 

Connect wires for transmitter 4 to 
20 mA output signal to termi- 
nals 6 ( - )  and 7 ( + ) .  



M1 021-350 
Page 3 

INNER SCREEN 
(SOLUTION GROUND) 

PART ROlOlZS TO TRANSMITTER 
TERMINALC? 

TO TRANSMITTER 

FLOWTUBE 
COIL TERMINALS 

JACKET CABLE 
CLAMP 

FLOWTUBE OUTPUT 

Figure 3 .  
T e r m i n a l  I d e n t i f i c a t i o n s  

TERMINAL 
SCREW 

C L ~ M P  
JAW 

Figure 4 .  
C o n n e c t i n g  W i r e s  t o  S i g n a l  T e r m i n a l s  

WlRE 
CLAMP 

WIRE 

Figure 5 .  
C o n n e c t i n g  W i r e s  t o  

C o i l  and P o w e r  T e r m i n a l s  
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NOTE 
For optional pulse output 
wiring, refer to applicable 
instruction listed on Paqe 12. 
If 4 to 20 mA output is not 
used, leave open circuit 
between terminals 6 and 7. 

14. Connect wires from flowtube coils 
to transmitter terminals C1 and C2 
as shown. 

15. Connect power mains wires to 
terminals L1, L2 ( N )  and earthing 
(grounding) post as shown. 

16. To put system in operation, corn- 
plete "Operation" procedure on 
Pages 5 and 6. 

Input-Signal Cable Preparation 

Termination to Flowtube 

1. Trim back outer jacket and foil 
screen (shield) as shown in 
Figure 6. DO not cut screen lead 

OUTER CABLE JACKET 
FOIL SCREEN 

OUTER SCREEN LEAD 
r 

Figure 6. 
Outer Jacket Trimmed Back 

at Flowtube End of Signal Cable 

2. Trim back inner jacket and foil 
screen as shown in Figure 7. Do 
not cut inner screen lead. 

OUTER SCREEN 

Figure 7. 
Inner and Wire Jackets Trimmed 

Back at Flowtube End of Signal Cable 

4 .  Strip insulation from black and 
white leads as shown. 

5. If connections to terminal lugs are 
desired, connect lugs (supplied by 
user) to terminals as shown in 
Figure 7. 

Termination to Transmitter 

1. Trim back outer jacket and foil 
screen as shown in Figure 8. Cut 
screen lead flush with edge of 
jacket. 

OUTERCABLEJACKET 
AND FOIL SCREEN INNER 

Figure 8. 
Outer Jacket Trimmed Back 

at Transmitter End of Signal Cable 

2. Trim back inner jacket and foil 
screen as shown in Figure 9. Do 
not cut inner screen lead. 

WIRE JACKET 
AND FOlL SCREEN 

LEAD 

INNER CABLE JACKET 
AND FOILSCREEN 

Figure 9 
Inner and Wire Jackets Trimmed 

Back at Transmitter End of Signal Cable 

3. Trim back wire jackets as shown. 
DO not cut screen leads. 

4. Strip insulation from white and 
black leads as shown. 

5. Tin the end of all five leads. 

6. To connect cable between flowtube 
and transmitter, complete "Wiring" 
procedure on Pages 1 through 4. 

3. Trim back wire jackets and foil 
screens as shown. Do not cut wire 
screen leads. 
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a OPERATION 

Start-up Procedure 
1. Before applying ac power, check 

that links are in correct 
position. For link positions, see 
Pages 10 and 11. 

Damage to transmitter can result if 
ac pover is applied while supply- 
voltage links are in incorrect 
position. 

2. Apply ac power 

3. If system (transmitter and 
flowtube) was not calibrated at 
factory, complete "Calibration" 
Procedure on Pages 6 through 8. 

4. Refer to Figure 10. Connect a 0 to 
1 V dc voltmeter between test 
points TPl8 (+ )  and TP19 ( - ) .  

5. Start process liquid flow through 
flowtube. Voltmeter reading should 
increase. If it decreases, turn 
off ac power, reverse wires at 
coil-drive terminals C1 and C2 (see 
Figure 3 )  in transmitter, then 
reapply Power. System is now ready 
for operation 

Damping Adjustment 
The damping adjustment is shown in 
Figure 1 0 .  To decrease damping, turn 
adjustment counterclockwise. 

Figure 10 .  
Test Points and Adjustments 
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Optional Minimum Signal Lock 
With this option, an external contact 
closure (supplied by user) drives the 
transmitter output to zero flow 
conditions ( 4  mA with analog output; no 
pulses with optional pulse output). 

In transmitter with this option, connect 
wires from an isolated external switch 
(supplied by user) to terminals 10 and 11 
as shown in Flgure 11. To prevent false 
triggering due to pickup, use screened 
(shielded) cable or run wires through 
conduit. For wiring details, see 
"Wiring' procedure on Pages 1 through 4. 

TO activate minimum signal lock, put 
switch in closed position. 

CALIBRATION* 
This Drocedure includes calibration of ~- 

standard transmitter and use of optional 
precalibrated span adjustment. Other 
options require additional adjustments. 
For details, refer to applicable 
instruction listed on Page 12. 

Calibration Equipment 
Foxboro Model 896CAL Field Calibrator 
Digital Voltmeter (4 l/2-digit); 
Accuracy: 20.05% 

Standard Calibration 
1. If the upper-range flow rate is 

being chanqed, calibrate the 
transmitter using the millivolt 
(mV) value stamped on the 
transmitter data plate. 

If the upper-range flow rate & 
being chanqed, determine the 
calibration factor from the 
flowtube data plate. Calculate the 
transmitter's new upper range value 
(URV) in mV using the following 
formula: 

URV = (Flowtube Calibration 
Factor)(New Upper-Range 

Flow Rate) 

~e; Upper-Range Flow Rate = 20 L/s 
Flowtube Calibration Factor = 
0.098 mV/L/s 

URV = (0.098)(20) = 1.96 mV 

2. Shut off ac power supply 

3. Position span jumpers as shown in 
"Link and Jumper Positions" on 
Pages 10 and 11. 

4. Refer to Figure 12. Connect a 
jumper across transmitter 
terminals 6 and 7. (Jumper is not 
reouired if normal out~ut load is 
al;eady connected between these 
terminals. ) 

5. If input wires are connected to 
terminals 1 through 5, note 
arrangement (for later 
reconnection) and disconnect- wires. 

6. If coil drive wires are connected 
to terminals C1 and C2, note 
arrangement (for later 
reconnection) and disconnect wires. 

ISOLATED EXTERNAL SPST SWITCH 
SUPPLIED BY USER , 

TERMINAL CONNECTIONS 
ON TRANSMITTER / 

Figure 11. 
Switch Connections with 

Minimum Signal Lock Option 



LABELS 
*'UNSCREW TWO r(NURLED SCREWS FROM SIDESOF 

CALIBRATOR A N 0  SCREW INTOTRANSMITTER 
HOUSING AS SHOWN. 
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Figure 1 2 .  
Calibration Wiring 
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If desired, the 896CAL Calibrator 
can be supported by the transmitter 
during calibration. Remove the two 
knurled screws from the sides of 
the calibrator and install them in 
transmitter housing as shown in 
Fiqure 12. The calibrator will now 
be hanging by its carrying strap. 

Connect cables from calibrator to 
transmitter as shown in Figure 12 

Adjust voltmeter to 10 V range and 
connect it between test terminals 
TP20 (+) and TP21 ( - ) .  Terminals 
are shown in Fiqure 10. 

Position jumper 56 (shown in 
Figure 14) between pins P12 and P14. 

Turn on ac power supply to 
transmitter. Allow 15-minute 
warm-up time. 

On calibrator. adjust the 4-digit 
thumbwheel and the range switch to 
mV upper range value of trans- 
mitter (either the value given on 
data plate or the value calculated 
in Step 1. as applicable). 
Position the 2-position output 
switch at 0%. 

Disconnect voltmeter lead from test 
point TP20 and connect it to TP48. 
Adjust voltmeter to 1 V range. 

Turn measurement-voltage zero 
adjustment (shown in Figure 10) 
until voltmeter reads 0.000 V. 
+l mv. 

16. Disconnect voltmeter from test 
points TP20 and TP48. and connect 
it to TPl8 (+)  and TP19 ( - ) .  

17. Turn output-current zero adjustment 
(shown in Figure 10) until 
voltmeter reads 0.1000 V, ~ 0 . 1  mV. 

K 

18. Position jumper 56 (shown in r &. 
Figure 14) between pins P11 and P12. 

I 
19. On 896CAL Calibrator, position 

OUTPUT switch at 100%. 

20. Turn fine span adjustment (shown in 
Figure 10) until voltmeter reading 
is 0.5000 V, z0.5 mv. 

NOTE 
With span less than 1 mV and 
minimum damping, voltmeter 
reading may be unstable. To 
stabilize reading, turn 
damping adjustment (shown in 
Figure 10) 1/4 turn clockwise 
(increased damping). Allow 
about 15 seconds for reading 
to stabilize. 

21. If transmitter has a pulse output 
option, complete the pulse output 
calibration procedure in applicable 
instruction listed on Page 12. 

22. Turn off ac power supply. 
Disconnect calibrator and voltmeter 
from transmitter. Disconnect 
jumper (if previously connected) 
from transmitter terminals 6 
and 7. Reconnect transmitter inpuc 
wires to terminals 1 through 5. 
Reconnect coil-drive wires to 
terminals C1 and C2. 

23. ComDlete "Installation" and 
'~pbration" procedures as 
applicable. 
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a Precalibrated Span Adjustment 
The precalibrated span adjustment is 
shown in Figure 13. This adjustment 
consists of two settings: span multiplier 
and span adjustment. The maximum upper 
range value. in millivolts (mV). is 
determined by the position of the span 

-2 multiplier switch. Table 1 shows the 
maximum upper range value for each switch 
position. 

'3 
Table 1. 

Maximum Upper Range Values (URV) 
with Optional Precalibrated 

Span Adjustment 

SPAN I MAXIZ,~PPER 
MULTIPLIER RANGE VALUE 
SETTING 

1. Determine upper range value of 
transmitter. For calculation 
details, see Step 1 of "Standard 
Calibration" procedure on Page 6 

TRANSMITTER 
DOOR 

2. Refer to Table 1. Select smallest 
span multiplier setting which 
includes upper ranqe value of 
transmitter. Turn SPAN ~ T I P L I E R  
to setting which provides this 
adjustment range. For example, if 
upper range value is 1.96 mV, set 
SPAN MULTIPLIER to 0.3. 

3. Turn span adjustment (SPAN ADJ) 
until dial indicates either the 
upper range value of transmitter or 
the calculated value (see note and 
example below). 

NOTE 
When the SPAN MULTIPLIER is set 
to 0.3. the SPAN ADJ does not 
provide a direct reading of the 
upper range value (URV). The 
numerical setting is determined 
by dividing the upper range 
value by 3. 

Example: With a URV of 1.96 mV, the 
SPAN MULTIPLIER setting is 0.3. 
Therefore. 1.96 t 3 = 0.653. 
And the SPAN ADJ setting = 653 

The transmitter is now fully 
calibrated for the new input range. 

PRECALIBRATED 
SPAN ADJUSTMENT 

SETTINGS SHOWN 
ARE FOR A URV 
OF 1.96 m". 
FOR SETTING 
DETAILS. SEE 
PRECALIBRATED 
SPAN ADJUSTMENT 
PROCEDURE. 

Figure 13. 
Optional Precalibrated Span Adjustment 
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LINK AND JUMPER POSITIONS 
To locate link or jumper positions used to change a particular opera- 
ting mode, refer to Figure 14. Position links or jumpers as indicated 
in the corresponding table below or on Page 11. Mark new operating 
mode on data plate. 

Figure 14. Link and Jumper Positions 

Table 2. supply Voltage Link Positions 

SUPPLY 
VOLTAGE LINK POSITIONS 
(V ac) 

P2-P3 P5-P4 

P2-P1 P5-P6 

P2-P3 P5-P6 

NOTE 
To change supply voltage link 
positions, front printed wiring 
assembly (PWA) must be removed from 
transmitter. To remove PWA, remove 
the six mounting screws shown in 
Figure 10. If transmitter has a 
door (supplied with some options; 
shown in Figure 21, door frame will 
also be dismounted when four 
mounting screws at corners of PWA 
are removed. Unplug cables from 
PWA as required when removing 
assemblies. Reinstall cables after 
reassembling transmitter. 
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Table 3. S p a n  Jumper and L i n k  P o s i t i o n s  

298 3 3 1  I P2 P 2 a n d P 5 / P 6 a n d p 8 1  and P5 P6 a n d  P7 P8  a n d  P9 IgRI  P16 

367 P2 and P5 P6 a n d  P9 

INPUT SPAN 
AaTUS113ENT RRNGE 

148 
1 6 5  
1 8 3  

198  
212 
228 
248 
270 

JUMPER AND LINK POSITIONS' 
U n i t s  

P3 and  P5 P6 and  P7 P8 and  P9 2.': 1 P3 and P5 I p 6  and  P8 / I 1 734 P3 and P5 P6 and  P9 

V a l u e s  
9 3  t o  99 
9 9  to 106 

106 t o  114 
114 to 124 
1 2 4  to 1 3 5  

p 1  and P5 
P 1  and P5 
P1 and P5 

P2 and P5 
P2 and P5 
P2 and  P5 
P2 and P5 
P2 and P5 

397 
426 
458 
497 
542 1 1 853 t o  ~ ~ % ~ % ~ ~ ~ 5 2 ~ p 8 2 d p g ~  P4 and P5 P7 and  P8 1 918 t o  9 9 5  P4 and  P5 P7 and  P9 

995 t o  1086 P4 and P5 P6 and  P7 

1.077 t o  1 .185  P 1  and P5 P6 and  P7 P8 and P9 
1 . 1 8 5  t o  1 .316  P 1  and  P5 P6 and  P8 
1.316 t o  1.457 P 1  and P5 P6 and P9 

.S = P u t  jumper i n  s t o r a g e  p o s i t i o n .  
' *wi th  o p t i o n a l  minimum s i g n a l  l o c k ,  l i n k  J6 is c o n n e c t e d  between 

P12 and P13. 

J 5  W3 
S 
S 
S 
S 
S 

W 1  
P 1  and  P5 
P1 and  P5 
P 1  and  P5 
P1 and  P5 
P 1  and  P5 

P6 and  P7 
P6 and  P8 
P6 a n d  P9 

S 
P8 and  P9 
P7 and  P8 
P7 a n d  P9 
P6 and  P7 

P3 and  P5 
P3 and  P5 
P3 and  P5 
P3 and  P5 
P3 and  P5 

56" W2 
S 

P8  and  P9 
P7 and  P8  
P7 and P9 
P6 and  P7 

P8  and  P9 
S 
S 

S 
S 
S 
S 
S 

S 
P8 and  P9 
P7 and  P8 
P7 and  P9 
P6 and  P7 

S 
S 
S 
S 
S 
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REFERENCE INSTRUCTIONS 
The precalibrated span adjustment and 
minimum signal lock options are covered 
in this instruction. For details of 
other options. refer to the applicable 
instructions listed below. 

INSTRUCTION 
OPTION (MI) 

0.1 to 10 HZ~ Output . .  021-354 . . .  0 to 2000 HZ Pulse Output 021-355 
Transistor Switch ~losire . . . . . . . .  Pulse Output 021-336 
Span Switching . . .  021-337 
Digital Rate Meter . 021-338 

Printed in England 
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896 PULSED dc 
MAGNETIC FLOW TRANSMITTER 

I Servicing 
INTRODUCTION 
This instruction assumes that the fault has been isolated to the transmitter. 
If the fault has not been isolated to the transmitter, refer to the system 
fault location procedure in Instruction M1 021-138. 

For the principle of operation of the transmitter, refer to Technical 
Information TI 027-076. 

TEST EQUIPMENT 
The following equipment is sufficient to complete all tests in this instruction: 
Foxboro 896CAL Field Calibrator; digital multimeter; storage oscilloscope. 

FAULT LOCATION TABLE 
To use Table 1, find the symptom in the following list and go to the page 
specified. Complete the corresponding tests and applicable corrective action. 

1. NoOutputCurrent. . . . . . . . . . . . . . . . . . . .  1 
2. Output Current Locked at 4 mA . . . . . . . . . . . . . .  5 

. . .  3. Output Current Less Than 4 mA but Greater Than Zero 5 

. . . . . .  4 .  Output Current Constantly Greater Than 20 mA 5 

5. Transmitter Output Cannot Be Calibrated 
Correctly. Erratic or Drifting Output . . . . . . . . .  5 

Table 1. Fault-Location Guide 

*Printed Wiring Assembly 

SYNPTOM AND 
PROBABLE CAUSE 

l. NO OUTPUT CURRENT 

a. No Supply Voltage 
Between L1 and 
L2/N 

b. Defective ac 
Supply Fuse 
(F2 or F3) or 
Power Supply 
Assembly 

c. Supply-Voltage 
Link ~1 or J2 
Missing or 
Incorrectly 
Installed 

D 
@ 1983 by The Foxbora Company @Registered Trademark 

TEST 

Measure voltage between 
L1 and LZ/N. 

Disconnect ac power supply 
and measure continuity 
across fuses .. (see 
Figure 2 on Page B.) 

Check position of links 
on power-supply PWA*. 
For link positions, see 
M1 021-350 (896P or 896s) 
or M1 021-351 (896T). 

CORRECTIVE ACTION 

Apply correct 
supply voltage. 

Replace defective 
fuse. If new fuse 
blows, install new 
power-supply assem- 
bly, Part M0156AV. 

Install links in 
correct position. 
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Table 1. Fault-Location Guide (continued) 

SYMPTOM AND 
PROBABLE CAUSE 

d. Open Circuit in 
Primary Windings 
of Power Trans- 
former, or Blown 
Thermal Fuse 
in Power Trans- 
former 

e. dc Supply 
Voltage not 
Present 

f. Isolated dc 
supply Voltage 
not Present 

g. Defective Refer- 
ence-Voltage or 
Coil-Drive 
Circuit 

- - - -~ 

TEST 

Disconnect ac power supply 
and measure resistance 
between transmitter 
terminals L1 and LZ/N. 
Approximate correct values 
are: 
120 V supply: 7 n 
220 V supply: 25 n 
240 V supply: 26 n 

1. On signal-conditioning 
PWA measure voltage 
between point P21 
(ref.) and terminals 
16 (+l5 +l V) and 
17 (-15 tl V). 

2. On power-supply PWA. 
check for +l5 V 
between lower lead of 
C8 (ref.) and points 
E21 and E22. Check for 
-15 V at both points 
E23 and E24 (using C8 
ref. point). (For ac- 
cess to power-supply 
PWA, signal-condition- 
ing PWA must be removed. 
See "Power-Supply PWA" 
on Paqe 8. ) 

3. Check continuity of 
of ribbon cable which 
is connected between 
power-supply PWA and 
signal-conditioning 
PWA. 

4. Reinstall signal- 
conditioning PWA. 
reconnect ac power, and 
repeat Test 1. 

On signal-conditioning PWA, 
check for the following 
voltages referenced to 
left lead of R107: 

U18, pin 7: +l5 tl V 
U19, pin 7: -15 -1 V 

R119, left lead: +25 '2 V 

1. The following test set- 
up is used to complete 
Tests 2 through 5. 
Connect calibrator to 
transmitter per 
Instruction M1 021-350 
(896P or 8968) or 
M1 021-351 (896T). 
Check that jumpers are 
in correct position 
(per MI 021-350 or 
M1 021-351). Turn cali- 

-P  

brator OUTPUT switch 
%T-= --= - - ~  

CORRECTIVE ACTION 

Install new power- 
supply assembly. 
Part M0156AV. 

Check continuity of 
fuses F4 and F5 on 
power-supply PWA 
(see Figure 2 on 
Page 8). If fuse is 
defective, install 
new fuse. Proceed 
to Test 2. 

If either +l5 V or 
-15 V is not pres- 
ent, install new 
power-supply assem- 
bly, Part M0156AV. 
If both +l5 V and 
-15 V are present. 
proceed to Test 3. 

If cable is defec- 
tive, repair cable 
or install new 
power-supply assem- 
bly, Part M0156AV. 

I£ +l5 V or -15 V 
is still not 
present, install 
new signal- 
conditioning PWA. 
Part M0156AG. 

Install new power- 
supply assembly. 
Part M0156AV. 

- P ~ ~ p  P- 
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g. Defective Refer- 
ence-Voltage or 
Coil-Drive Cir- 
cuit (continued) 

Table 1. Fault-Location Guide (continued) 

2. On siqnal-conditioning 
PWA. check for 10 V dc 
between points 
P2l(ref.) and PZO(+). 

SYMPTOM AND 
PROBABLE CAUSE 

On power-supply 
PWA. turn R22 
(reference voltage 
adjustment) for 
10 V reading. If 
cannot adjust 
correctly, 
complete Test 3. 

1 3. Disconnect voltmeter 1 If correc; waveform 

I I 
TEST 

I 
~ ~ ~~- ~ ~ - 

from points P21 is present, install 
and P20. Connect %W signal-condi- 
oscilloscope between tioning PWA, Part 

CORRECTIVE ACTION 

P21 and upper lead 
of R79. Correct 
waveform is shown in 

M 0 1 5 6 ~ ~ .  If correct 
waveform is g 
Dresent. com~lete 1 Table 2 on Paqe 6. I ?est 4. - 

4. Disconnect oscilloscope If g& waveforms 
from point P20. are correct, in- 
Connect oscilloscope stall new power- 
trigger input to l supply assembly. point P43. Set Part M0156AV. If - 

oscilloscope for 
+ external trigger. 
Refer to Table 2. With 
P21 as reference and 
P23 connected to trig- 
ger input. check wave- 
forms at P43, P44, P45, 
and P4 7. 

5. Measure ac voltage 
between points 
P22 and P23. Voltage 
should be between 30 
and 40 V ac. 

some waveforms are 
correct, install 
new signal-condi- 
tioning PWA, Part 
M0156AG. If 
waveforms are cor- 
rect, complete 
Test 5. 

If voltage is not 
correct, check- 
cable between 
signal-conditioning 
PWA ant' power 
supply PWA. Also 
check 20-pin con- 
tors at ends of 
cable. If voltage 
is correct, install 
new signal-condi- 
tioning PWA, Part 
M0156AG. 
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I ?ustrnent, set cilibra- tion MI 021-138. 
tor to input upper 
range value (URV) 

Table 1. Fault-Location Guide (continued) 

stamped on transmitter I data plate. If trans- 

SYMPTOM AND 
PROBABLE CAUSE 

h. Defective Gain 
or Automatic 
Zero Circuit 

I mitte; precal- 
lbrated s ~ a n  adiust- I 
ment , setA adjustment 
dial at 10, set 
multiplier dial at 0.1, 
and set calibrator for 
1 mV signal. After ad- 
justing calibrator 
either to transmitter 
URV or to 1 mV (as aD- 

TEST 

1. The following test set- 
up is used to complete 
Tests 2 through 5. 
Connect calibrator to 
transmitter per 
Instruction M1 021-350 
(896P or 8966) or 
NI 021-351 (896T). 
Check that jumpers are 
in correct position 
(per M1 021-350 or 
M 1  021-351). If trans- 
mitter does not have 
  re calibrated sDan ad- 

plicable), set ca1ib;a- 
tor OUTPUT switch at 0%. 
On signal-conditioning 
PWA, remove link 56 

CORRECTIVE ACTION 

If correct voltage 
cannot be obtained 
for any of the 
tests, install new 
signal-conditioning 
PWA, Part MO115AG. 
If all voltages are 
correct, transmit- 
ter is functioning 
correctly and de- 
fect is elsewhere 
in system. For sys- 
tem servicing. 
refer to Instruc- 

I from pins P11 and P12 
and connect it to, pins 
P12 and P14. 

2. Connect voltmeter to 
points PZl(ref.) and 
P48. Turn R69 (voltage- 

I measurement zero 
adjustment) for a read- 
inq of 0 V dc. 

3. Disconnect voltmeter - - - - -  

from points P21 
and P48 and connect it 
to PIE(+) and P19(-). 
Turn R83 (output- 
current zero idjust- 
ment) so that voltmeter 
reads 0.1000 V. 

4 .  Position jumper J6 be- 
tween pins P11 and P12. 
and check that volt- 
meter reading remains 
at 0.1000 V. (With 
narrow spans there may 
be a small variation.) 

5 .  Adjust calibrator for 
100% input to the 
transmitter. Turn R32 l 
(fine span adjustment) I until voltmeter reads I 
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Table 1. Fault-Location Guide (continued) 

CORRECTIVE ACTION 

Reposition jumpers 
or recalibrate 
transmitter. as 
required. 

Complete tests and 
corrective action 
for symptoms lg and 
lh on Pages 2 
through 4. 

SYMPTOM AND 
PROBABLE CAUSE 

2. OUTPUT CURRENT 
LOCKED AT 4 mA 

a. Defective System 
Wiring 

b. Defective Gain 
or Automatic 
Zero Circuit. 

3. OUTPUT CURRENT LESS 
THAN 4 mA BUT 
GREATER THAN ZERO. 

a. Coil Wires be- 
tween Transmitter 
and Flowtube 
Niswired 

b. Defective Coil- 
Drive or Signal 
circuit 

4. OUTPUT CONSTRNTLY 
GREATER THAN 20 mA 

a. Jumpers Not 
Correctly Posi- 
tioned. Transmit- 
ter Incorrectly 
Calibrated 

b. Fault in Trans- 
mitter Circuit 

c. Faulty System 
Wiring or Defect 
in Flowtube 

5. TRANSMITTER OUTPUT 
CANNOT BE CALIBRATED 
CORRECTLY, ERRATIC 
OR DRIFTING OUTPUT 

TEST 

Refer to system mainten- 
ance instructions 
(NI 021-138). 

Complete tests and correc- 
tive action for symptom 
lh on Paqe 4. 

Refer to system mainten- 
ance instructions 
(NI 021-138). 

Complete tests and correc- 
tive action for symptoms 
lg and lh on Pages 2 
throuqh 4. 

Check jumper positions 
and transmitter calibra- 
tion. For details refer to 
NI 021-350 (896P or 8965) 
or NI 021-351 (8961). 

Connect calibrator to 
transmitter per Instruc- 
tion NI 021-350 (896P or 
896s) or M1 021-351 (8962). 
With calibrator OUTPUT 
set to 0%. transmitter 
output should be 4 mA. 

Refer to system mainten- 
ance instructions 
(NI 021-134). 

Complete tests and correc- 
tive action for symptoms 
1g and lh on Pages 2 
throuqh 4. 
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Table 2 shows correct waveforms for points 
specified in Table 1. 

Table 2. Waveforms 

=l5 Vdc supply. 
**With "+" external trigger of oscilloscope 

l 
. . 

connected to P43. 

- 15V  
*l00 m$-+ b37 m% I 

'Time values are given for 60 Hz mains frequency; 
with 50 Hz frequency. multiply values by 1.2. 
Voltage values may vary depending an accuracy of 
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TEST-POINT AND COE'ONENT LGCATIONS 

Siqnal-Conditioning PWA 
For location of test points and components 
on signal-conditioning PWA, refer to 
Figure 1. 

'? 

SIGNAL-CDNDITIONING 
FWA (PART MOISSAGI 

J 

TRANSMITTER DOOR 
(IF PRESENT) \ 

CABLE 
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Power-Supply PWA 
For location of test points and components 
on power-supply PWA. refer to Figure 2. For 
access to PWA. complete Steps l through 4 of 
"Signal-Conditioning PWA" removal procedure 
on Page 9. 

Figure 2. Power-Supply PWA 
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MOVING ASSEMLIES 

Siqnal-Conditioninq PWA 
1. Turn off ac power 

2. Refer to Figure 1. If new 
signal-conditioning PWA is being 
installed, disconnect all input and 
output wiring from signal- 
conditioning PWA. Also unplug all 
cables from PWA. Note arrangement 
of wires for later reinstallation. 

If signal-conditioning PWA is being 
removed for access to power-supply 
PWA. do not disconnect any wires or 
cables. Unscrew cable clamp (shown 
in Figure 1) from input cable so 
that cable will be free to move 
when PWA is removed from 
transmitter. 

3. Remove the 6 mounting screws (shown 
in Figure 1) from PWA. 

NOTE 
If transmitter has a door 
(supplied with some options; 
shown in Figure l), door frame 
will also come free when four 
mounting screws at corners of 
PWA are removed. 

4. Remove PWA from transmitter 

5. To reinstall PWA or to install new 
PWA, reverse Steps 2 through 4. 

Power-Supply Assembly 
1. For access to power-supply 

assembly, complete Steps 1 
through 4 of "Signal-Conditioning 
PWA" removal procedure at left. 

2. Unplug power-supply cable from 
connector J1 (shown in Figure 1) on 
signal-conditioning PWA. Remove 
PWA from transmitter. 

3. Refer to Figu~e 2. Disconnect 
wires from terminals Cl. C2, L1 and 
L2/N on power-supply PWA. Also 
disconnect wire from earthing 
(grounding) terminal. 

4. Remove the four mounting screws 
(shown in Figure 2 )  from corners of 
power-supply assenbly. Remove - -  - 

assembly from transmitter housing 

5. If new power-supply assembly is 
being installed, remove the two 
mounting screws from input-cable 
clamp (shown in Figure 1). Remove 
clamp from old power-supply 
assembly and install it on new 
assembly. 

6. To install a new power-supply 
assembly, reverse Steps 1 through 5 .  

6. If new PWA was installed. complete 
calibration procedure in Instruction 
NI 021-350 (896P or 8965 Transmit- 
ter) or NI 021-351 (896T 
Transmitter). 



Notes 
a 
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Notes 
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896s MAGNETIC FLOW TRANSMITTER 
SURFACE MOUNTED 

Dimensional Print 
i 

TWO 13m (0.5 in) 
0IA:FIXING HOLES 

021-351 

r - - - - - - l  
I METER I 

L 8CS"PPLY 

ALL CONDUIT 
CONNECTIONS TAPPED lNPmy FOR34NPT OUTPUT AN0 OPTIONS FLOWTUBE COIL 

CUSTOMER I.R. 
A " l " l O * . I M " l O *  

CUSTOMER ORDER FOXBOROORDER 
ITEM-TA0 

CERTIFIED BY DATE I 
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896 
Magnetic Flow Transmitter 

Style A 

Item Part No. Oly. Part Name -- - 
1 Am3ZY 4% Screw, Pan H., 0.112.40 x 0.375 
2 X0143RZ 4% Lockwasher 
3 Below 1 PWA. Pulse 

M0156AJ Low Rate Scaled (Codes -D. -R 
M0156AN High Rate Unscaled (Code -0 
M0156AL High Rate Scaled (Code -G) 

4 M0156AG 1 PWA. Transmitter 
5 X0127DE 8 Screw, Pan H.. 0.19032 x 0.437 
6 X0143SC 6 Washer 
7 M0156AV 1 Power Supply 

Item Part No. Oty. Part Name -- - 
25 Below 1 Cover Assembly 

W122l-T Blind (standard) 
W122TQ Window for Counter and Meter 
Wl22TU Window for Meler 

- W122ST 1 Gasket 
- X0128LS 6 Screw. Pan H.. 0.25020 x 1 . W  
- CO1a)CK 6 O.rinQ 

Window pans for W122TQ 

- W122QW 1 Window Gasket 
- W1220v 1 Window 

8 XOl28LT 4 Screw, Pan H.. 0.250% x 1.750 (Code -l) - ~ 0 1 2 2 ~ ~  1 Window Frame 
9 X0143QY 6 Washer (Code -T) - X0122UH 6 Screw. Pan H.. 0.13832 x 0.250 
10 X0126LM 2 Screw, Pan H.. 0.250.20 x 0.750 (Code -T) - X0143RK 6 Lockwasher 
l 1  Below 1 Case 

M0156AW For Pipe Or Surface Mounting Window Parts for W122TU 

(Codes -P, -S) - W122MP 1 Window Gasket 
M0156AY For Flowtube Mounting (Code -T) - P0122SV l Window 

12 P0121SX 1 Plate, Pipe Clamp (Code -P) - P0122MO l Window Retainer 

. 13 XOl43DJ 4 Washer (Code -P) 
- X0122UH 6 Screw. Pan H.. 0.138-32 x 0.250 

14 X0166GD 4 Screw. Hex H.. 0.312-18 x 0.250 (Code -P) 
- X0143RK 8 Lockwasher 

15 BO119ZL 4 Screw. F.H.. 0.312.18 x 0.750 (Code -S) 26 M0156AU 1 PWA. Empty Tube Auto Zero (Code -R) 
16 P0121SY 1 Mounting Plate (Code -S) 27 A2W4EE 2 Screw. Pan H.. 0.138-32 x 0.437 

17 N0143WX 4 Screw. Tapping. 0.08632 x 0.187 26 X0143RK 2 Washer 

1 Address Plate 29 M0156CG 1 Signal Cable Assembly (Code -T) 
18 - 
19 B0171CY 1 Date Plate (blank) 

30 X0169EN 4 Screw, Pan H.. 0.138-32 x 0.312 
(Codes -P. -S) 

20 M0156BA 1 Frame Assembly 
21 X0104FY 1 Nut. 0.13532 

31 W122PP 1 Clamp Plate (Codes -P, -S1 
32 W122PN 1 Clamp ( W e s  -P. -S) 

22 X0143RK 1 Lockwasher 33 XOI71WX 2 insulating Bushing (Codes -P. -S1 
23 A2W4EC 1 Screw, Fii. H., 0.138.32 x 0.375 34 XOl7OVQ 2 Screw. Pan H., 0.112-40 x 0.250 
24 - 1 Door Assembly (see page 5) (Codes -P. -S) 

35 M0156BK 1 Bracket (Codes -P, -S) 
36 M01568Z 1 Lead Assembly (Code -T) 

GIVE INSTRUMENT MODEL NUMBER AND STYLE LETTER WHEN ORDERING 



896 
MAGNETIC FLOW TRANSMITTER 

L 

Parts List 
A 

Style A 

008.596 
March 1983 

Model Code 

896 = Magnetic Flow Transmitter, 4 to 20 mA Output 

-P = 7 ~ p e  
-S = Surface 
-T = Tube 

- = Optional Suflix 
A = Precalibrated Span Adjustment 
B = Output Meter, 0 to 100% Scale 
C = Output Meter, Scale Per S.O. 
D = Low Rate Scaled Pulse with Counter and Mete1 
E = ADJ. 0.1 to 10 Hz 24 V dc Pulse Output 
F = 0 to 2 K HZ Unscaled Pulse Output 
G = ADJ. Transistor Switch Closure Pulse Output 
H = Span Switching 
K = Precalibrated Span with Output Meter, 0 to 100% or Scale Per S.O. 
L = Span Switch with Oulput Meter, 0 to 100% or Scale Per S.O. 

M = Digitai Rate Meter 
N = Precalibrated Span with Digital Rate Meter 
P = Span Switch with Digital Rate Meter 
R = Empty Tube Automatic Zero 

@ 1983 by The Foxboro Company 
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Door Assemblies 
(See Page 2, ltem 24) 

Figure R1087 

ltem Part No. OW. -- - 
Below l 

M0156DA 

Part Name 

D w ~  Assembly 
Precalibrated Span Adjustment 

(Code -A) 
Meter (Codes -B. -C) 
Meter and Counter (Code -D) 
Span Switch (Code -H) 
Meter and Piecalibrated Span 

Adjustment (Code -K) 
Meter and Span Switch (Code -L) 
Digital Rate Meter (Code -M) 
Dlgital Rate Meter end Precalibrated 

Span Adjustment (Code -N) 
Digital Rate Meter and Span Switch 

(Code -P1 
1 Below 1 Door 

M0156BN For Assemblies without Meter 
M015600 For Assemblies with Meter 

2 Below Meter ~ssembly  
B0135W 1 Meter (Codes -B. -C. -K. -L) 

- M0156CT 1 Cable Assemblv for Meter B0135CJ 
- N0139FR 2 Cable Tie 
- N0138EK 2 Mounting Pad 

M0156DO 1 Digital Rate Meter (Codes -M, -N, -P) 
- X01690J 4 Tapping Screw 
- X0143RK 4 Lockwasher 

P0162AT 1 Meter (Code -D) 
- M0156BR 1 Bezel 
- M0156CD 1 PWA, Meter 
- M0156CU 1 Cable 
- N0139FR 2 CableTie 
- N0138EK 2 Cable Tie 

wl62AK 1 Counter (used with Meter W162AT) 

3 - 2 Fastner Assembly, Consisting of: 
X0167GG 2 Wear Washer 
X0167GE 2 Retainer 
X0167GM 2 Ejecter Spring 
X0170WS 2 Ouarter Turn Fastner 

4 M0156CC 1 Cable. Earth (Ground) 
- X0143RK l Lockwasher 
- X O l M M  1 Nut. 0.13832 

5 Below - Span Switch (position) 
M0156AQ 1 PWA, Precalibrated Span Adjustment 

lCodes -A. -K. -NI .~~~~~ 
M015BAS 1 PWA. Soan Switch lCodes IFI ' 
Xo17oTB 1 ~nob(u;nits wlth switch) 
Mo156CA 1 Plug (unlls wlthout switch) - Xn170YR 2 CablaClama . . . . . . . . . - ~7 

- X0143RZ 2 Washer 
- A 2 M 3 M  2 Screw. Pan H.. 0.112-40 x 0.375 

6 Below 1 Label 
80171CD For units with Recallbrated span 

Adjustment (Mdes -A. -K. -M 
B0171CE For unlts with Span Switch 

(Codes -H. -L -6 
7 88003KC 1 Label (Warning) 
8 Below - Span Adjustment (posltlon) 

E0285WZ l Potentiometer (units with Recalibrated 
Span Adjustment (Coder -A. -K. -M 

M0156CB 1 Pluo funits without Precalfbrsled Soan 





Air Weight 

Btu 

I n s t r z ~ n ~ e r ~ b s  ( lnd  Syste i t l s  for Capacitance 

Composition 

Irltliccctirtg: Recor- t l i t~g:  C o t l t r o I i . i n g ~ .  . . Compression 

d Concentration, Solution 
Conductivity, Solution 

Consistency 

Current - a-c, d-c 

Density 

Dew Point 

Displacement 

Drag 

Flow 

Force 

Gas Analysis 

Humidity 

Interface 

Ion Selection 

Liquid Analysis 

Liquid Level 

Load 

Moisture Content 

Motion 

Motor Load 

Operation, Schedule 

Operation, Time 

Oxidation-Reduction Potential 

pH 
Position 

Power, Electric 

Pressure 

Resistance, Electric 

Sheet Moisture 

Sheet Weight 

Specific Gravity 

Speed 

Strain 

Stress 

Temperature 

Tension 

Thrust 

Torque 

vacuum 

Viscosity 

Voltage 

Weight 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based 
systems that control entire plants. Industries Sewed are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and stan-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000. and Soest, 
The Netherlands. Phone: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue. Foxboro. 
Massachusetts, U.S.A. 02035. Phone: 617 543-8750. 
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INSTRUCTIONS 



Redhill Surrey England 
RH1 2HL 

Foxbors Ysxall 
A Division of Foxboro Great Britain Limited 

Guarantee 
The Company undertakes t o  replace free of 
charge any component of its own manufacture 
(which excludes electronic tubes) which, in 
the opinion of the Company, is not within the 
specified limit of calibration or is defective in 
material or workmanship under normal or 
proper use, provided that the same is returned 
at the customer's risk and expense t o  the 
Companv's works within twelve months from 
the date of thedespatch by the Company of the 
equipment to the customer. 
All representations, conditions, guarantees and 
warranties by law or otherwise howsoever 
expressed or implied are hereby excluded to the 
intent, except as above provided, after delivery 
t o  and acceptance by the customer o f  any 

Service 
The Company is anxious to be of every possible 
assistance to you, to ensure your continued 
satisfaction. A ful ly qualif ied Service 
Engineer will call promptly i f  the need arises. 
Arrangements for  this service in  the British 
lsles should be made wi th  the Company at 
Redhill. In other parts of the World arrange- 
ments should be made through the nearest 
Representative and/or Factory listed at the end 
of this book. 
A unique feature of Foxboro service - of  
particular interest to Companies which do not 
have Instrument Departments or enough 
qualified Staff to carry out regular inspection 
and maintenance - is the Service Contract. 
Under this arrangement, a Foxboro Service 
Engineer will call at stated intervals to check the 
condition and operation of all Foxboro Instru- 
ments in your Plant. The Service Contract is 
also used by Companies for the routine inspec- 
t ion and maintenance of highly technical 
instrumentation which requires specialised 
knowledge and experience. 
The Company provides an expertly staffed 
and fully equipped Training Centre at Redhill 
devoted t o  the instruction o f  customers' 
Instrumentation Engineers and Service Men. 
The courses cover: theory of operation 
maintenance and application of the principal 
types o f  instruments. Applications from 
Companies in the British lsles should be made 
to Redhill, Surrey; from those in other pans of 
the world, t o  our nearest Representative as 
listed at the end of this book. 

Tel: Redhill (0737) 65000 
Telex: 892852 
Telegram: Yoxbri Redhiil 

equipment or apparatus, the Company shall not 
be liable for any loss, damage, injury, delay 
or expense or consequential loss or damage 

;- 
howsoever arising from or i n  respect of the 7 
enuipment or apparatus or the use thereof. 

Pyrometer Thermocouples. Resistance Thermo- 
meter Bulbs, and Protection Tubes, on account 
of the severity of their usage, are not subject to 
replacement unless returned unused. 

The Company shall not be liable for loss, da- 
mage, detention or delay caused by fire, strike, 
civil, or military authority, insurrection or riot, or 
for other cause beyond its reasonable control. 
Acceptance of apparatus by the Purchaser shall 
constitute a waiver of all claims for delay. 

Parts 
Parts Listsfor Foxboro Instruments maybe  
obtained by writing to the above address. I t  
is strongly urged that only genulne Foxboro 
parts be used. Always give the serial number 
from the instrument data plate when 
requesting parts lists or ordering parts. 
(Those unfamiliar with Foxboro Instruments, or 
lacking the proper tools and equipment. 
should not be permitted t o  undertake any 
major service work.! 

Replacement 
The Companv has considerable knowledge 
and experience in regard t o  the econom-ic 
life of Foxboro instrument equipment and will 
give advice on the desirability or otherwise, of 
f i t t ing new parts into the older models. 
Improvements in design, materials, or methods 
sometimes make it more economic to replace 
rather than repair an instrument which has 
been in service for a long period of time. 

Charts 
To obtain the most accurate and consistent 
recording performance from our instruments. 
we strongly recommend the use of genuine 
Foxboro strip and circular charts. 



GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 

To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

@Reglrtwd Trademark 
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Maximum Signal-Cable Length 
Using the graph in Figure 11, the maximum 
signal-cable length for specified system 
accuracy can be determined. Note that the 
graph is valid only for Foxboro cable, 
Part ROlOlZS, or cable and connector 
assembly, Part N0136CC (used with 
896 Transmitter or E96 Transmitter only). 
Maximum cable length depends on size of 
flowtube. conductivitv of liuuid. and 
type of instrument to-which ilowtube is 
connected. 

Example: 

Find the maximum signal-cable length 
allowed to maintain system accuracy for 
an 80 mm (3 in) flowtube to be used with 
an E96 Transmitter and a fluid conduc- 
tivity of 5500 gS/m (55 ~mho/crn). 

Referring to Figure 11: 
a. Draw a line from 5500 &/m 

(55 dmho/cm) to the 50 to 100 mm 
l2 to 4 in) refe. ence line. 

b. From this intersection, draw a 
horizontal line to the E96 standard 
performance line. 

FLUID CONDUCTIVITY 

c. From this intersection, draw a ver- 
tical line to the cable length 
scale where) approximately 55 m 
(185 ft) is read. 

MABNTENANCE 
If a fault is suspected in the flowtube, 
first make exterior checks such as wire 
continuity and rusted or corroded flanges 
and/or flange bolts. Rusted flanges 
and/or bolts can result in a poor process 
earth (ground). Use ultrasonic cleaner Or 
low-voltage cleaning procedure, if the 
flowtube is so equipped, to clean elec- 
trodes. 

If it becomes necessary to clean flow- 
tube, avoid damaging the tube interior. 
Do not exceed temperature or pressure 
limits of flowtube. 

CABLE LENGTH 

Figure 11 

D Y N A U T  is a trademark of The Foxboro Company 
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2800 SERIES MAGNETIC FLOWTUBES 
Sizes 2.5 through 300 mm (1110 through 12 in) 

With Lined Metal Metering Tube 

The principle of operation of the magne- 
tic flowtube is based on Faraday's law of 
electromagnetic induction: The voltage 
(Vo) jnduced in a conductor of length 
(De) 1s proportional to D, multiplied 
by the velocity (v) of the conductor and 
the intensity (T) of the magnetic field. 
That is, V, = (De) (V) (T). 

In this application of Faraday's law, the 
rocess fi"id is the conductor. The pro- 

m Eess fluid passes through the magnetic 
field induced by coils built around a 
section of the metering tube. Two metal- 
lit electrodes are mounted in the 
metering tube and make contact with the 
flowing liquid. The voltage developed 
across-the -electrodes is directly propor- 
tional to the average velocity of the 
liquid passing through the magnetic 
field. The 2800 Series Flowtube can be 
used with either ac (e.g., E96 Magnetic 
Flow Transmitter) or pulsed dc (from the 
896 Magnetic Flow Transmitter) coil 
excitation. The voltage signal is 
shielded from interference, amplified. 
and demodulated into a standard dc 
current signal by a magnetic flow 
transmitter. 

The Foxboro Magnetic Flowtube is built to 
be durable, hut is part of a calibrated 
precision system and should be handles as 
such. Avoid dropping or otherwise sub- 
jecting it to impact particularly at the 
flange faces. 

The flowtube is shipped from the factory 
in a sturdy carton and cradeled between 
flange covers for protection. Before re- 
moving it from the carton, move it as 
close as possible to its installation 
point. If the flowtube must be removed 
for receiving inspection, REINSTALL THE 
END COVERS AFTER INSPECTION. 

Lift flowtube out of carton with rope 
falls, chain hoist, etc. as shown in 
Figure 2. In some instances it may be 
more convenient to insert bolts into the 
flange bolt holes and use hooks around 
the bolts for liftinu (rather than tvino 
slings around the fl6wtube). NEVER &T - 
ANYTHING THROUGH THE FLOWTUBE TO LIFT IT. 

Figure 1 

CORRECT WAY 
TO LIFT FLOWTUBE 

Figure 2 

Printed in England O 1983 by The Foxhro Campany a a 
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STANDARD SPECIIFBCABIIOPdS 
Power Consumption': Refer to PSS 1-685 A .  
Upper Range Values (Flow Rate) : Refer to 
PSS 1-6B5 A. 

End Connections: Refer to DP 021-120. 
Supply Voltage: 120 or 240 V ac +10%, - 

-15% at 60 +2 Hz; 120, 220, or 240 V 
ac +10%, -15% at 50 t2 Hz, as 
specified in sales order, or pulsed dc 
Power from an 896 Transmitter 

~mbient Temperature Limits*' - 
Normal Limits: -10 and +50°C 

I20 and 120'F) 
operative ~imits: -30 and +60°C 

(-20 and +140°F) 
Output Signal: ac or dc millivolts - 
proportional to flow 

Electrode Material: As specified in 
sales order 

Mass: See Table 1. 
Process Pressure and Temperature Limits 
With ptfe or pfa Lining: See Figure 3. 
With Polyurethane Lining: See Table 2. 

Table 1. Approximate Mass 

FLOWTUBE SIZE 

2.5 1/10 

1/4 13 35 

15 1/2 21 46 

Table 2. Process Temperature and Pressure Limits for Polyurethane Lining 

I I I MPa I psi I kg/cm2 I LIMIT I LIMIT I LIMIT I 
FLANGE 

+Add: 15 Va for E96'Transmitter 
25 Va for 696A Converter 
60 Va for 9600C DYNALCG Instrument 
NO additional VA is required for the 896 Transmitter 

I I 

PRESSURE LIMITS ~TEMPERATURE LIMITS 

ANSI 
Class 150 

ANSI 
Class 300 

SPRING BACK 
PIPING TO INSTALL 

FLOWTUBE UPPER LIMITS 
SERIES I bar or LOWER 

FLOWTUBE. 

2802 to 2812 

2802 to 2804 
2806 and 2808 

GASKETSAND 
GROUNDING RINGS 

UPPER 

Figure 9 

LOWER 

1.7 

4.8 
1.7 

On ac systems, flowtube coils may be 
wired either in series or in parallel as 
shown in Figure 10. Although coils wired 
in parallel allow the lowest possible 
flow range, they also consume the most 
power. Unless otherwise specified, coils 
are wired in series at the factory. If 
ccil wiring is changed to parallel in the 
field, multiply the stated calibration 
factor (mV/[L/sl or mv/[U.S. gpml) by 2. 

SERIESCONNECTED 
FIELD COILS 

240 

700 
240 

JUMPER 

17 

48 
17 

PARALLELCONNECTED 
FIELDMILS 

JUMPERS 

Figure 10 

Neutral L2 = C1 or C2 
GND = Power Earth GND = Not Used 

(Ground) 

NOTE 
7 

896 Transmitter is used with 
series-connected field coils only. 

**With E96T lflowtube-mounted) Transmitter, upper temperature limits are limited 
to 38Oc (100'~) by the transmitter 
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3. If flowtube does not have ptfe 
lining protector (TLP option) it is 
recommended that adjoining spool 
pieces (pieces of pipe) be in- 
stalled on flowtube before instal- 
lation. 

If adjoining spool pieces being 
installed, complete this Step. 
Otherwise proceed to Step 4. 

a. Refer to Figure 8. Position 
gaskets and grounding rings (as 
applicable) adjacent to flow- 
tube flanges. (For details of 
grounding rings, see "Flowtube 
Earthing (Grounding)" on Page 4. 

b. Connect spool pieces to flow- 
tube on floor. Tighten flange 
bolts to specifications given 
in Table 4. 

C. ~ o i s t  complete assembly into 
position as :hown in Figure 8 .  
Align flanges and bolt into 
place. 

4. If adjoining spool pieces are 
being installed on flowtube, com- 
plete this step. 

a. Refer to Figure 9. Spring back 
piping to allow clearance as 
necessary to insert flowtube 
without causing damage to 
lining. 

b. Install gaskets and grounding 
rings (as applicable) adjacent 
to flowtube flanges. (For de- 
tails of grounding rings, see 
"Flowtube Earthing (Grounding) " 
on Page 4 . )  

c. Align flanges, install bolts, m- 
and position piping into place. 

-: 
\ 

d. Tighten flange bolts to speci- 
fications given in Table 4. 

 PIPING L 1s 
FLOWTUBE 

I 
SPOOL 
PIECE 

GASKETS AND 
GROUNDING RINGS 
IAS APPLICABLE1 
ATBOTH ENDS 

Figure 8 

Table 4. Flange-Bolt Torque Specififications 

PROCESSTEMPERANRE AND PRESSURE LIMITS 
FOR ptfe OR pfs LINING 

PROCESS TEMPERATURE 'C 
0 20 40 M) 80 100 120 140 160 180 

20 2.0 300 

2% L" 
E 

L" 

Bzio $1.0 150 E %  
V) S V) 
V) V) 

:i - loo 
5 0.5 0 

P 
a 

50 P 

0 0 0 

T 
FULL VACUUM FULL VACUUM 

o 30 60 sb iio 160 180 2io 240 zio 360 ~ j o  3i;o 

PROCESS TEMPERATURE 'F  

(a) Refer to Foxboro for application in this area 
(b) Application of 2891 through 2804 Series only 

permitted in this area 

Figure 3 

REFERENCE INSTRUCTIONS 
For details of flowtube wiring to an 
896 Transmitter, E96 Series Transmitter, 
696A Series Converter, or 9600C Series 
DYNALOG Instrument, refer to the 
applicable Instruction (MI) listed below. 

896P or S, Style A: 
896T, Style A: 
E96P or S, Style D: 
E96R. Stvle D: 

. * ~ ~ - . -- . . . 
E96P or S, Styles A, B, and C: M1 021-312 
E96R. Styles A, B, and C: 0 ?) E 9 6 ,  Styles A, B, and C: M1 021-313 M1 021-311 
696A: M1 021-211 
9600C: M1 021-195 

GENERAL PRECAUTIONS 
1. Leave end covers installed over 

flanges any time flowtube is put in 
storage. 

2. Check that lead lengih between 
flowtube and transmitter is within 
limit for specified system accuracy. 
Lead-length details are given on 
Page 8. 

3. Good piping practice should be used 
for the installation of all magne- 
tic flowtubes. Gaskets are normally 
required. Select a gasket material 
which is compatible with the pro- 
cess liquid. 

4. The flowtube lining extends outward 
and over the raised face of the 
flange . 

TO avoid damage to the lining 
extension, do not exceed 
torque values specified when 
tightening flange bolts. 

5. The flowtube lining is susceptible 
to damage from excessive heat. 
Avoid such heat sources (such as 
welding adjacent piping). 

6. To avoid excessive lining wear and 
possible loss of accuracy, it is 
recommended that flowtube be con- 
nected in a straight section of 
pipe at least 5 pipe diameters up- 
Stream and 3 pipe diameters down- 
stream. 

7 .  For flowtube with polyurethane 
lining and parallel-connected 

Coils, lining can the temperature rise significantly of the above 
the upper temperature limit if flow 
is stopped for a long period of 
time. To avoid possible damage to 
the lining from excessively high 
temperatures, disconnect power from 
the coils whenever flow is to be 
Stopped for more than about one 
hour. Note that lining not filled 
with liquid will heat even faster 
than one filled with liquid. 
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FLOWTUBE k a 1. Before installing flowtube, install 
and adequately support piping. 1f 
flowtube is being mounted verti- 
cally, add piping supports above 
and below flowtube to avoid strain 
to flanges and damaging lining. 

Table 3. Inside Diameters of 
Entrances to Metering Tubes 

I DIAMETER 

Continuity between flowing liquid and 
metal metering tube is required to pro- 
vide a reference for the measurement sig- 
nal. With unlined metal pipe connected to 
the flowtube flange, continuity is provi- 
ded by the pipe and the flange bolts. No 
additional grounding is required. 

Leave space for later installation 
of flowtube and adjoining spool 
pieces (if applicable, see Step 3). 
Adjust piping and flanges so that 
flanges lel with will flowtube be &ligned flanges and when paral- 

flowtube is installed. Flanges must 
not be forced into alignment during 
installation of flowtube. Correct 
alignment of piping is shown in 
Figure 7. Also allow for thermal 
expansion of piping during opera- 
tion, as required. 

FLOWTUBE I PTFE or PFA I POLYURETHANE 

5PlPE DIAMETERS 
RECOMMENDED 
MlNlMLlM 

Installations in which non-metal or lined 
metal pipe is used require installation 
ofrthing rinss iqroundina rinasl on 

SIZE 

- .  - 
each flowtibe fiangi as shown in 
Figure 4. To provide continuity, one end 
of a wire is connected to the grounding 
ring, and the other end is connected 
either to a flange bolt o: to a hole 
drilled and tapped in the flange. 

mm 

NOTE 
Piping supports must be strong 
enough so that addition of pro- 
cess fluid will not di9rupt 
alianment of flowtube and adia- 

LINING 
mm I in 

- -  I - -  
in 

LINING 

Grounding rings can be made from awori- 
£ice plate. To provide positive contact 
with process liquid, i s  inner diameter 
sould be slightly less than that of en- 
trance to metering tube. Inside diameters 
of entrances to metering tube are shown 
in Table 3. 

2.5 1 1/10 
mm 

Figure 5 

in 

cenC piping. When mounting a- 
2.5 or 6 mm (1/10 or 1/4 in) 
flowtube to pipe which has less 
than 15 mm (1/2 in) I.D., use 

7.9 ( 0.31 

mounting holes on bottom of flow- 
tube housing for additional sup- 
port. These holes can either be 
used with self-tappinq bolts or EARTH EARTHING RINGS 
can be tapped for-h8 x 20 mm 01 
5/16-18 X 3/4 in bolt. 

(GROUNDING RliiGSI 

,----\ 
Mounting Positions 

HOR?ZONTAI L U 

AXlS FLOW 
AXlS 

ALIGN P PE F L A ~ G E S  SO TdAT 
FULL FACE FLALGE CONTACT S 
MADE PRIOR TO TIGHTENING BOLTS. 

The flowtube may be mounted in any posi- 
tion: vertical, horizontal, or at an 
angle. However for accurate measurement, 
the flowtube must be completely full. 
Vertical installation with flow in an 
upward direction, as shown in Figure 5, 
is generally recommended. This is parti- 
cularly so in slurries with abrasive 
solids. If mounting flowtube in 
than a vertical Position. it is recommen 

. 
.\ 

FLOWTUBE 

Figure 6 

Mounotinog Procedure 

a p?;gg{T;:-[ $ 
JAMMED OR SCRAPED 

LINING~O 
(SEE TABLE 31 FLANGES 

Figure 4 
U- --- -- - - - -----U 

Figure 7 ded that flowtube be turned about the 
flow axis shown in Figure 6 so that 
electrodes are horizontal. Electrodes 

Protection from Abrasive Flow Excessive forces during installa- 
tion and operation of flowtube can 
crush extended ends of flowtube 
lining (especially ptfe or pfa 
lining). Some causes of these 
forces are excessive bolt torque, 
weight of vertical pipeline on 
lining, thermal expansion of pipe- 
line, and misalignment of flanges. 
To minimize these forces, adhere to 
the following procedure. 

should be horizontal to avoid contacting 2. Locate and remove all foreign ob- 
Iects from the piping. If possible, 
make up and install a section of 
pipe (spool piece) in the space 
provided for the flowtube. Start up 
the process to help locate any 
foreign objects. 

bubbles (at top) or sediment (at bottom) 
inside metering tube. In addition to providiny metering tube 

earthing (grounding), earthing rings 
(grounding rings) can also be used to 
protect the leading edge of flowtube 
lining from abrasives. Inner diameter of 
rings should be slightly less than that 
of entrance to metering tube. For de- 
tails, refer to "Flowtube Earthing 
(Grounding) " above. 

Flow through flowtube may be in either 
direction. However, if it is installed 
with the two conduit connections facing 
upstream, it may be necessary to rewire 
the flowtube signal wires. For details, 
refer to wiring 'section of applicable 
instruction listed on Page 3. 
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2800 SERIES MAGNETIC FLOWUBES 
Sizes 350 to 900 mm (14 to 36 in) 

Lined Metal Flowtube 

.. = ,>,.,, ,,., ,-L 

I n  t!::s . ? r r>? ic? : io?  of rnr-,?.i?i'. ! ? ? ,  

The  / I I . C I ^ T T C  , 1 s  ? : l "  C O n : i , , i l l n r .  7 : , n  

S T I U I , ' !  [ , ~ : S P S  t!lrol!qh t 5c  v2,7!7-,?lc 
. . -  b.::: :n.:,>,:,.,t : , c,,,1:- !,,,,l : ,:,.J" 

-ec:ion n i  ?';n 7":"rlnq ti:L:~. ' 7 -  ~ ~ ~ , ~ C O C I S  

r l u l r l  i s  PLC-ctrlcaii!,. i n s l ; i : $ t e r i  ~ r . : , 7  *.!!o 
fiowtut,r, hy  t b ~  l i n l n o  in I tube. Tw? 
rnntalllc electron?.; are rnounteii i n  th? 
,~ . . . u w : i i i t ~ ,  an? a :.?itan- is C e - ~ n 1 0 3 P i i  
across these rlectro*?ms w5ich i s  c!irnctly 
proportional to the avrraqe velocity u f  
tne : l u i , . i  pnsslng thrcuflh the magnetic field. The 2 R f l f l  Flnwtuhe can ha U S F ~  with 
rlth~r. 'ic (*.C., EGG Ua~netic l'low Transmitters) or  p u l s e ;  <?C (frov an P"'- bqnotic 
!:low Transrnltterl coil excitatlnn. Tie voltnoo r i o n l  is r?ieldo<i lrom 
~nterfer~nce, amplified and d p r n o d u l a t n d  intn a standard dc current s i a n a l  t,v a 
magnetic flow transmitter. 

standard Scncifirations -- 

Supply Voltas?: 120 or 240 V ac +10S,  -159 at 50 or 
60 t 3  Hz, as specified in sales order, 
or pulsed dc pawer from an 8 9 6  Transmitter 

Dower Consumntion*: 
w a s = :  

I'nDer PanflP V a l l l P  (Flow Date): Srecifications ?hoot 
Amhient Temnerature 1,irnits: 
Procos- m-mnnrature 1,imitc: 

Prornsc Pre-sure l,imitc: 
Fnd rnnnections: 

* 1% "A for C O G  Trnncnitter 
1 G  $'A for fiQfiA PonverFor 
fin "A f o r  a f in f l r  p ~ ~ f i r , o ( :  ~ n s t r u r ~ n t  
(For R Q F  Trancmitter. no ad8irional VA is rennired 

For details of flowtuhe wirino to an R06 T r a n c r n i t t e r ,  F 9 6  *ran<nit*er, G O F n  Cnnosrr-r 
or q600r PVNhI.n(: Instrtlment, refor to t h o  apnlicahlo Tnstrortion ( U ? )  1inre.l helnw. 
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W C I I M R  P O M R  3 4  NPT 
llNPUT POWtR 1!4 NPT AT \ 

SIGNAL CDNNfCllm 
112 NPT FFMAlt FlTIlNG 
W I T H  114NPl ADAPTtl! 

ROLT H W S  STRADDLE 
KQTICAL  C T N E R  LlNf 

T h e  f l o w i n g  l i q u i d ,  t h e  m e t a l  p a r t  o f  t h e  m a t e r i n q  t u h e ,  a n d  t h e  m e a s u r i n q  
i n s t r ! r m ? n t  c i r v u i t  common m u s t  a l l  b e  a t  t h e  s a m e  m e a s u r e m e n t  r e f e r e n c e  o r  i n n e r  
s h i e l . !  p o t e n t i a l .  ~ h n  f l o w i n g  l i q u i d  m u s t  make  n l e c t r i c a l  c o n t a c t  w i t h  t h e  m e t a l  
t u h e  w h i c l i  i s  r n n n e c t ~ d  t o  t h e  t r a n s m i t t c r  b y  m e a n s  o f  t h e  i n n e r  s h i e l d  s i g n a l  
l ~ a d .  A f a c t o r . ? - w i r e d  l e a d  c o n n e c t s  t h r  t u b e  t o  t h e  I N  S11 ( i n n c r  s h i e l c 3 )  t ~ r m l n a l  

13 t h o  f l o w t u ! i n .  

T h e  m e t h o d  o f  e s t a b l i s h i n o  r o n t a c t  h e t w e e n  t h e  l i q u i d  a q d  t h ~  m e t a l  p a r t . o f  t h o  
m e t e r i n q  t u b e  j s  d e t e r m i n e d  h" t h e  p i p e  a d 3 a c ~ n t  t o  t h r  f l o w t u h e .  I f  t h r  a d l a c e n t .  

I l p e  rr i ! n l i n r < :  m r . t a l ,  r o n t a c t  i; r n i i ? i .  t h r o i i a h  :hr. f l a n o ?  b o l t s .  h t t n c h  4  s r o u n i i  
s t r a p s  ( 2  o n  p a c t ,  encl) i n  , ? d l l i : l o n  t n  t k , ?  f l ? n q ?  h o l t ~  -0  ~ c t a ! , l i S t ,  t h r  1 1 q n l i i  
' i~'>,I ' . l!l" , 3  C C D t  7 . - .  "., , ' t ,qr : l  ;.:-oi,n;: ctrzn.:, , , , - i l l  an.! t a n  .q '1p1.-.; 0. ??'-!c 
, .  o r  i3.,ch c n d l  <>n ?:!c ;W! ,?rent a ? F  1 :  1 5  t t !  X *  i n  t-innc-d 
h o l c s  l o c a t e r :  on t h e  f l o w t u b -  r1an"er;. ? o u r  " r o u n d  s t r , i p  a r -  c ; u f , p l i e < i  wi:h a 
f l o u t u h n .  ~f t h o  a c ' j a c e n t  p i p -  i n o n m e t a l  o r  l i n e d  m o t i l ,  oromini?ino r i l - o c  a r c  
r e c u l r c f i .  

NOTE: T h e  g r n u n d i n p  r i n q  c a n  hr made, f o r  e x n m p l ? ,  f r o m  a b l a n k  o r i f i c n  p l a t m .  
T h e  d i a m e t e r  o f  t h e  h o l e  i n  t h ~  p l a t e  s h o u l d  h e  e q u a l  t o  or  i l i q h t l y  ~ r n a l l e r  t h a n  
t h e  i n n n r  d i a m - t e r  ( I D )  o f  t h e  f l o w t u h e  l i n i n q .  so t h a t  t h e  @do<, of tl!c h o l o  c o n -  
t a c t s  t h p  f l o w i n q  l i q u i d .  F o r  I n  o f  f l o w t m ~ h ~  l i n i n g ,  s r e  Tahl- 1 h q l o u .  

G R O U N D  STRAP 
r lomm: OR RAIWGWIRE MINI Table 1. F l o w t u b e - L i n i n q  I D  

L i n e  S i z e  
nlv, 

3 5 0  

4 0 0  

4 5 0  

5 0 0  

6 0 0  

7110 

9 0 0  

L n 

1 4  

1 6  

1 U  

2 0  

24 

3 0  

3 6  

N e o p r e n e  L i n i n q  
m m ~n 

P o l y u r e t h a n e  L i n i n q  

3 4 0  

3 9 0  

4 4 1  

4 9 2  

5 9 4  

7 4 h  

8 9 9  

mm 

3 j 7  

3 8 7  

4 3 8  

4 9 0  

5 8 4  

7 3 7  

8 8 9  

13 .3R  

1 5 . 3 8  

1 7 . 3 8  

1 9 . 3 8  

2 3 . 3 8  

29.3R 

3 2 . 3 8  

~n 

:~i..!5 

1 5 . 2 5  

1 7 . 2 5  

1 9 . 2 5  

2 3 . 0 0  

2 9 . 0 0  

3 5 . 0 0  
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General Instal_lation Precautions -. 

1 .  "Goo-l piping practice" should 01 uspd  for the installation of all magnetic flowtuhes. 
To avolci r l a r n g l n "  thn ttlbe face, the t a r q : i ~  specifications in Tai.1~ 2 on Paqe 7 must not 
he cxcerd-d. 

2 .  Gaqknts are normally required. Select a gasket material which is suitable for the pro- 
cnss liquid. 

3. During installation he careful not to overheat the flowtube lining from heat sources 
such as nearby welding. 

Pressure-Temoerature Limits 

If flow through the flowtube is stopped for more than a few hours at a t i m ~ ,  temper- 
ature rrse of the ?iquld may affect the lining, so it is recommended that a flowtuhe with 
series-conn~cteo field coils he ~19ed (series-connected coil?, use less power a n d  produce 
less heat). Otherwis-, dep-noing on amn~ent temperature, etc., it 1 s  recammcnc?nd that 
power to the flnwtuhe he turned of[ during "0-flaw periods. • • 

POLYURETHANE LINItlG N'ZOPRENE LINING 

Because of its ahrasive resistance This lininq is best suited for 
and high wear resistanc~, this lininq is general purpose use. The lining thick- 
host sulteci for ahrasiv~ slurries. The ness is 4.R p m  (0.188 in1 an6 extends 
1~nin5 thlcknoss 14 i . 4  mn 1 0 . 2 5 0  in1 and outward covering the raised r a c e  of the 
exten-?% outwi:rri co.,srinr; the r a i s e d  fdc? f lang-. . 
of the fl3na-S. 

CAUTIOS: DO not use  hydrocarbon defoamers 
such as kerosene or sulfnnated oils ,as 
the'? cause Nenprene to swell. 

&fore Sta- 

If possihls, make up a flangrd "spool piece" the same length as the 
flowtuho. Tncert it in the lin- hefors 5tart,~p, Q" stirtun ,?ny 
for,?;.-, n:i,i-c,.; ., i n  tho l ,  2 %  ;:OC?S o t  wont: or  eta., =?o~lO he 
:qr:et,.,i  a-,; rL.-q.:e:i : ,n fore  flcwtu:,q is inctai;od. 7 i : c  cr;a-17 
 in^; L ~ tr, l f rlccld~~kia; damn?? to i l : ~  flowtuh?. 

FLUID CONDlJCTlVlTY ) 100: p S h  

l i~. L .  

F ' ,  Trl,%b;'-,':lnr 0 

Z 2 , 6 , ? ? . I '  fi ~ ; 7 5 3m C hlFTERS 
8 > > ' .: . , ,'>" C F F F i 

hlAXlMlJM PFR%rISSIRI.E SIGNAL - CAn1.E ILEIICTH 

Exampl~: Determinn tbn vaximtrm perrnic:ii,l~ qiqnal-chla 
lsnlth for a 3'#0 rnn (14 in) flnwtah~ t n  he 11s-4 with 
a n  rsfi Tran7mit:s-r if the procc~s fluid ha5 ,a con- 
riucti.,it,; of 5 5 0 0  dS/m ( 5 5  iim'in/cn). 

Fefor to dotted linrs on qrapb above. 

a. Uraw a vnrtical line at n fluid conductivity n f  
5 5  X L O O  P S / -  ( 5 5  j~hn/c-) intnrcnctinr; th- 
flowtuhc reference line. 

h. From this intarsnctinn draw a horizontal lino to 
th? fa6 Trc?nsnlttnr stanlard fstd) prrfnrmancn 
l i n n .  

c. P r n m  this intnrseztion draw a vertical lino to 
- h a  cp!,ln I n p c t 5  -c,!* ~ s n r o  anornr!-ace!:; 7? m ~ . .  
; > - , 5  r t l  i "  r07 , ! .  
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!andling the Flowtuhc 

Tile f l d w 1 : ~ ~ h n  m?\. ?!r moilntnl' in a?,,., ~ q - i '  1 ~ 9 :  

t : . ,  . , . -  - .  , n n l S x .  ?z,iii. .'. - -  
L , . . j'. , , . * , !L 4 ,  7,01c l,i.,. , , , . . - ,  . ; , - i . ; .  .~ ~ , , . . , 'r - - ...~ . ~ ,  , . ,  

1,o~at~ tho flowt~bn so there will b~ room to 
reno:,', tho tnp ho~eina, i f  necessary. S e e  P 3 q n  2 
f o r  mnilntino r!im~nsinn-. 

Make provisions for positivr flow shutoff 
who" =hacking syst"m flow znro. Flowtuhe must he 
full. 

If the flowtuhe is to he located ilnderaround, 
or in a pit that may be flooded, makc provisions 
to prevont it Erom beina suhmerqed. 

Typical Piping Installations 

Horizontally-Vountrd rlowtube 
Showin? Corrcct Location of 

Zlectrodes 

The flowtube may be mounted in any 
position: vertical, horizontal, or at an 
anqle. However for accurate measurement, 
th? flowtuhe must be completely full. 
Vertical installation with flow in an 
upwarrl iiirection, as shown, is qenerally 
recomnendecl. This is particularly so in 
slurries wlth ahraslve solids. If 
mountlnq flowtuhe in other than a 
vertical position, it i s  recommended that 
flowtube be t u r n 4  about the flow axis 
shown so that electrodes are horizontal. 
Electrodes should be hnrizontal to avoid 
contactlny bubbles (at top) of sediment 
(at bottom) inside metering tuhe. 

If flowtube is installed with two 
candurt connections facing upstream, it 
may h- necessary to rmwirn slqnal wires. 
For netails, rpC?r to w l r i n ~  5~ction of 
applicable instruction ilsted on Paqn 1. 

MINIMUM 

1 .. .. .+ 

The magnetic flowtuhe is durable, hut i t  is part of a pr~cirion calihrat-d 
?:,stem a n d  should br handlnd a s  rut-I. i!..zoii! i i r o ; r , i n n  nr - ' b . - r u i i -  =i:i,i~ctins 
;: to imr..cr, partic!>iirlv at tk,. : ' a n c r .  face?. 

',,' . , .  - : v - : . .  1. , . , .  ~' . -  . , -  fln*.+r!.n ,?., !rj i , "  'm!! ; n  - h i  Clnt7jS'.'. 

7 r c i  m!>vF,! r near ,I? i;"~::c.:,:.. :,!c ir:s:-i;,?t.on point. i.e:vt?vi. :?:c. to? i:! 
5!:1F! ir c r > r c a L n c ~ r .  j . r ~ < . - -  .,. i l i k ! ; t [ . a t l i l n  :,.-low. NY','!:? PCT ?~LI':'Tl!l>,r, 

TL"OI'G!' '!'llT TIIR? 1'0 L I F T  i ' " .  

'; 
?n ..: i., 

Lifting Flowtube for 
Horizontal Installation 

When the flowtube is to verti- 
cally mounted, precautions must be 
observed to avoid damaging the 

Wrono Way to Lift 
rlo~tcbc 

Handling the Flowtube 
( F o r  v~rtlcal mountlnq) 

flanges. The illustrations at right 
show 2 practical methods using eye 
holts in the flange to Lift the flow- 
tuhe into place. Both methods are 
intended to ensure that the liftinq 
force is applied to the eye bnlts as 
nearly straiqht upward as possible. 

CAUTION: Do not use the hOuSin~ to 
suuoort or l= the flowtuhe i n  a . . 
vertical position. < L  &+--&-- 

- 7 7 . 3  

m- fir- 
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Remove nu t s  and loclcwashers f m  
both power and signal blocks. 

4 .  Loosen Power Terminal ground- 

- ,  _. ,., 

b. @nt band a t  clamp and 
-move ground lead. 

osen  t h e  bottom four screws 
t h a t  go through t h e  r&aining 
brackets  holding t h e  core  
halves t o  t h e  c o i l .  OTE 

Before l i i t i n g  core halves,  make a mark ac ross  top  ft junction t o  f a c i l i t a t e  reassembly I n  same o r ien ta t ion .  

l Remove t h e  f o u r  screws from t h e  t o p  re- - e l  t a i n i n g  braekets.  Remove r e t a i n i n g  
brackets.  

S l i d e  out t h e  corn halves, using ca re  t, 
avold damagtng c o i l s .  L i f t  out  t h e  lam 
nated assembly. 

removed a f t e r  t h e  core halves have 
been separated.  When us ing a 1 5  
o r  1/2 i n  flowtube. i d e n t i f y  t h e  
top assembly, a s  top and b o t ~ o m  a r e  
not in te rchanaeab le~  a s  i n  t h e  l a r n e r  

-12 Remove t h e  top  c o i l ;  t u r n  nmtering tube 
OWF. Remove t h e  f o u ~  t.etaln3.m acrews. 
ret&l&~g brackets, lsminatsd a&rnbly,. 
M d  WWa coil. 







Instruction : 021-185 1 
l : 
8 ,  

June 1981 l 
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2800 SERIES MAGNETIC FLOWTUBE 
Nu I ling Proced U re 

This instruction outlines the nullinq procedure required when the 
motering tube assernhly has heen replaced. The purpose is to obtain a 
"P-flow ~ i l l i v o l t  notout ,as ne,-r to Z P ~ O  a 5  pos51hle. The p r o c ~ d u r e  
c o ~ v r s  the 2800 Series naqnetic Flowtabe when used with a n  E96P .  R, S, 
or C Series Trancmitter, or with a 6 9 6 A  Series Converter. 

6 9 6 A  Series 

Figure l 

E96T Series 

CONTENTS 

p s f ~ r e n c e  Instructions . . . . . 2 
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REFERENCE INSTRUCTIONS 

E96P or S Transmitter, Style D: M 1  021-3'7 
E96R Transmittor, Style D: M T  n21-334 
E96T Transmitt~r, s t y l e  D: M1 021-335 
F9hP or S Tran?,mitter, Style A, B, or C: M 1  021--312 
E95R Transmittar, Style A ,  B, or C: In1 071-313 
E96T Transmitter, Style A,  B, or C: MT " l -21. :  
h9hA Converter: M 1  021-211 
2RnO Maqnetic Flowtuhr 

Replacement of Meterinq Tube: M 1  021-1R1 

PROCEDURE WHEN USING AN E46 SERIES TRANS- 

NOTE 
A nulling tool is requiredfor the following procedure. 

Sizes 50 mm I2 in) and l r s s ,  Part K0125KL 
Sizes R0 mm ( 3  in) and above, Part K0125KM 

1. Put Transmitter span jumper(s) in position(s) used for 1 mV 
span. For location of jumper position(s), refer to applicable 
transmitter instruction llsted ahove. 

2. Fill flowtube with process liquid or water. After filling, allow 
liquid to flow for a short time to remove any huhhles, then stop 
flow. Keep flowtube filled with liquid during this procedure. 

3. For E96 Style D, refer to Figure 2. Put CAL/RUN switch in CAL 
position. Connect a battery-powered or earth-isolated 
(ground-isolated) ac voltmeter between test points TP3 and TP21. 
Use voltmeter havinq a minimum input inpedance of 5000 ohms/volt 
and ranges of 0-to-1.0 and 0-to-0.1 volts. Proceed to Step 4. 

For E96 Style A, B, or C, complete the followinq steps. 

a. Refer to Figure 3. Connect short jumpers hetween Input 1, 
Input 2, and Inner Screen (Soiution Ground) terminals. 

b. Connect a battery-powered or parth-isolated (qround-isolated) 
ac voltmeter between tmst points TPfi and TP2n (shown in 
Tiaure 3 ) .  l i sn  voltmeter havino a minimum input imoedance of 
S O O C  ohms/volt and rnnqps of 0-to-1.0 and 0-to-0.1 volts. 

c. Turn zero adjustment (shown in transmitter instructions) for 
minimum reading (null) on voltmeter. 

d. Remove lumpers from Input 1, Input 2, and Inner Screen 
terminals. 

e. Prnceed to Step 4. 

4. Refer to Fiqure 4. Unscrew pluqs from nullinq-screw access holes 
on flowtube. 

5. At the flowtuho, lift hlack lead off terminal hlock an? connect. a 
short jump-r frnm black l -ad  IRl to I N M F R  SllIE1.D. 

fi. With nullina tool, .~diust onnocitm luhicn! null in^ scrow until 3 

minimu? ac -n l t nan  ic r e a d  :\n thn V O ~ ~ I T - ~ P ~ .  POPO,IP  j~wn01. 
Feplncn lencj on r-rrn~nal block. 

7 .  At th- flnwruh-, l i f t  white lead off terminal block and connect a 
short i o m v n r  'rnn wiitn lea6 l to INSr? C:!j?r,n. - 

R. Adjtlct.  o p p o ~ < ~ ?  (hlnckl n,.~ll in0 scrow until a minivum a c  voltno- 
: S  rend on the vol+m-tcr. pr-n-on i u ~ p ~ r .  ~nplace !a~?e on terminn: 
block. 



3. If the span of t5e converter is set aScce lmfliivolts, juvper 
the ranun reslstor on the main board assemsiy. Sne Fi~ure 6 . .  

4. Set PHASt BAN2 switch (at upper center c-  f-vrt n! converteri 
to R: note rezd~no tap~~rox~xately ;.G v ,  o-~ ac VOIZTF:~~. 

S .  set PHASE BAN18 swltch to N: note readins or ac voltmeter. 

6 .  Adjust QUAD (lower iiqht corner of converter) until their is nn  
chanoe i n  the ac volt.3qe reaclng when :he ?:!-SE iAvD swxtc? 1s 
chanaed iro~. B CO N. 

7. Adjust ZtRO (above UURD) until converter output equals 0.10 volt. 

4. Remove calibrator iror, S : G N k i  INPUT and C A L  PO\<Lh t-ermlnais of 
converter ana ins~rt slqnal plus ?rom flowtube. 

9. Hun fluia through tlowtube for a short time. Shut flow oft, keep 
flowtube full. 

10. Refer to Figure 4. kemove plugs from nulling-screw access holes. 

11. At the flowtube, lift black lead off terminal block and connect a 
short jumper Lrom black lead 13) to I N h E x  SHIELD. 

12. Kith nulling tool, aalust opposite (white) nullina screw until a 
minlmum ac voltage is read on the voltmeter. hemove lunper. 
keplace lead on terminal block. 

13. At the flowtube, lift whlte lead Off terminal block and connect a 
short jumper from white lead I") to I N N E P  SIiIELD. - 

14. Adjust opposrte Iblack) nulllng screw untll a mlnlmum ac voltage 
is read on the voltmeter. Remove lumper. Heplace lead on termlnal 
block. 

NOTE 

On 50 mm or 2 in and smaller, repeat Steps 11 through 14 until 
mlnlmum voltaue is achieved vithaut furtner adlustment. 

15. Disconnect ac voltmeter. 

16. Replace plugs in nulling-screw access holes. 

17. Remove jumper across range resistor if connected in Step 2 .  

l .  Adjust Zero on converter for 0.1 volt. 

lq. The system is now ready for operation. kefer to Instruction 
W ;  Oil-181 for L ~ n a l  assembly a! hauslns. 

on 5CI mn or 2 l? ann srralipr, repeat Steps 5 through 8 until 
- L . . : - ' ! -  :r011,:7..  : c , . :  v , ,  f < 

5 .  ~ a ~ r  final ad:ustrrnnc usins oirher black or vhlte nullinq screw 
: rir tu:;rl n.1;-  (T::IIP~~T voltage rca;.iinqJ wlt!: DC:? <':RC< ani: 
white ieaus conne?:~. to :lowtu:,?. 

11. replace pluqs in nullins-screw access holes. 

12. Tne E96 Transmitter must now be reset to the correct span using 
tlr cew ~llllvolt :ncLor supplies wlth rhe repiace-ant -?tei,n$ 
t:::)F.. ieter to "bi.'.;rr?ce !:;tri;ctlons" ror correct instructron. 

13. The system is now rr:ady for operation. Refer to Instruction 
X1 021-lhl for iinai assnnhly. 

- = ~  .- 
- ,  

F.-- . - - c; ; 'F '; : - - ~ .  l? - -  - - . - -- - 
- - ~- . -~. - . . . . _ 

i.1- - i._ - .- -~ - ... - - 
a;b - - 

I,. . I .  . .,. ... ... 



M 1  021-185 
Paqe 4 

M 1  021-185 Paqe 5 

IW iER SHIELD 

PL4CK 
NVLI.ING-SCREW .. WHITE LEAD 

PHOCEDUHI;  WtlEN L I S I N G  A 6 9 6 A  SEkItS C O N V E R T E R  -- 

N O T E  

A nulling tool is required : o r  the following procedure. 
slzes 50 mm 12 in) and less, Part KOlZ5KL 
Slzes 80 mm 13 in) and above, Part KOl25KM 

1. Calibrate converter using new calibration factor supplied with 
metering tube. For calibiatlon proceoure, reter to Instruction 
M1 021-ill. 

2. Make connections as shown in Figure 5. Set calibrator PEHCENT 
uU'I'PVT switch at U .  

MODEL 6 9 6 A  
MAGNETIC FLOW-TO- CURRENT CONVERTER 

f I 
\ 

1 

MODEL 8120 CALIRRATOR 

AC VOTMETER 
"141VllU SEMSITIVITY 

1"s' ""WC" 'C?? "iif,S 2'3 m L T  
' C l l r l  8 i , "C,.%,, L -  .1?- L?? S,*",, 

nt: QA:, * , - 2 . * .  

'-' - 



SIGNAL CABLE PREPARATION A N D  CONVECTIONS 
FOR t.'ODEL 6964 h!AGP\IETIC FLOW - TO- C1J6?RE'UT COr.IVERTER 

A N D  
SERIES 2800 MAGNETIC FLOW TRANSMITTER 

)'.""P? !iil C O ~ V P P L F P  -- 

7 D 

. .  - F _ .  _ r  L _ L  I . . .  ._.~__.  L Lo?.!- . .  , . .  ~ 

:lfi i , ~ ~ : ~  ..,;!.:.in, l,-r ' 5  ?I,,-. :x<'.?;.j.~al 
. .  ~. ,. , m . . .  . . . . . . I .  .... .; ". .~ v . . .  . . . .  . . .  ,, . 

. . . . . .  . . . .  , . . .  , .  . , - a m?..,..- r,.os-r::flcr 7: .;::,at 
................. . . .  , - , .; , , 4 -."' .,-iL,:-e irstweep, tk.-.o load . . . . . . . . .  . . . . .  

. . .. , . . .  - 7 : ; ..'....Q 8 ?+,CP:!.;r.i;-? .;.;c. :. -?L:? "?.n)_-l:ar.~~ . . . . .  . . .  , - . . . .  . . .  l :, . - . . . . . . . . . .  



C a b l e n a r a t i o n  f o r  S i g M l  Connections 

( I l l u s t r a t i o n s  are shown a c t u a l  s i z e  t o  f a c i l i t a t e  c a b l e  p r e p a r a t i o n . )  

O u t e r  - 3 ./ . n:e_a 
L'=;rl 

l 

1. S t r i p  o u t e r  j a c k e t .  
Trim f o i l  s h i e l ~ l  f l u s h  
wi th  j a c k e t .  

D? n o t  c u t  r h i e l d  
l ~ a d .  

2 .  ? t , r i n  irL?i,r j9i:i:et. Trim f o i l  s h i e l d  
f ? ~ , ? t ,  p:: t ' 1  ,j7."1<"t. 

n -  9 . -  I ,  . l e a d s .  

Cable I n s t a l l n t i o n  

1. I.?s?rt c?b1? from Co:>~.rrrt,er end 2nd 
i n  ' %  in<<- ? ranr r i+ , l i . r  hciirinr.. . . r e  rr15b01. 1;-ishi-n;:, r , ipp l i e , i .  

2 .  Prr?par- r n b l e  en3 1 rhnwn on P?pe 2. 

?. T e r n i n a t e  r , l t e r  %!>ielrl 
!P-.I! .,.I: t.9 on? t'irn 
l:?t::':r r.erp,>:. 
'Trin nff ?:<mess. 

. 1 ' l ? ~ -  ,~? i . , l c  uniicr 
.: p .:-.,: fj~rk;d.;.,j 

O;lter ri 1 ' 1 .  3 i r l p  in"l11ntion f r m  b l ~ c l -  and s-!::?m 

Jack?* l -rr r!. ..,m. 
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Instruction - 
SIGNAL CABLE PREPARATION AND CONNECTIONS 

E96 Series Magnetic Flow Transmitters 
Used with 2800 Series Magnetic Flowtubes 
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INNER 
SCREEN LEAD 
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Instruction 
i 021-240 ' 

l June 1981 

VWSASQFdIC CLEANING OSCILLATOR 
For Use uri%?.r 280Q Series Magnetic Flowtubes 

Electrode Installation and Operation 

INTRODUCTION 
rhe Ultrasonic Cleaning Oscillator option 
col-ists of a maqnetic flowtuhe with 
ultrasolic tranrriitcers installo<? on th- 
e]*-trodes .an6 ?., ultr3sonic o=cillator 
vitn 7 . =  rn-t!~-s 1 7 5  feeL.\ of screen-? 
( s h ~ e l d ~ d l  cnhle th?t coqnncts thn 
nscillator to thp transduc?rs. The hinh 
i r e o , i a n c y  of the tran-,?ucerq causes 
~Rvltation of t h e  procacc fi.li6. This 
k"e39  t h ~  sensitive ?nr:ionq of t h n  
n?-c+ro- :nr  , c l - a n ,  th 1 5  ~lintaininq f u l l  
ii~%1Li.';:v of tin c l m r t r n d e . 5  and qrnqtlv 
ninimizino mz?ual rlrsnino n f  the 
" I P , ~ ~ T o ~ ~ " c .  

5 I:lt.a5onic Cleanin? Oscillator 
f . ; t n t i o n a r ) r  or porra5ln) i~ riasignof to 
cup~ljr power t,; dri\.n 1 piezor?loctri~ 
transducer (electrod? clriver\ in th- 
~nrninni range c f  0.5 to 4.5 W at 
fce?a~nci?s in thr? rang?s of 39 to Q 5  k!l7 
(do?-rmine4 by  the resonant frequonc/ n F  
tip transeucer). The power output is 
variable i n  4 steps over a total ranoe of 
about R to 1. The electrode transducers 
were designed such that their operation 
does not interrupt the flow signal. 
Continuous or periodic u s e  does not cause 
loss of flow measurement. 

SPECIFICATIONS-OSCILLATOR 
(PART A2040US OR D0138NG) 
Output: 4.5 W maximum, frequency range 

3 R  to R 5  kHz 
Ambient Temperature Limits: -30 and +5OoC 

f-:$ an,: +:?C3") 
ac Supplv vnltag?: 1.00, 120, 220, or 

2 4 0  '.', :lOi iplrtable cleaner; l20 V 
only) 

Power Requirements: 23 W 
" ; I S =  ! a c ~ r o x 1 - . 2 L n )  : 9 kg (19 lbl 
-p---p 

r.,: . . .  -nc..:-; Cl8~clfication: Meets I R C  IP65 
.~ , ~7 7 ,,,.,l<: ', .< :'.l c?n',ironmental 

pr?trckion of %:"A T)rpe 4 
ac Power Fuses: : / 2  R, 250 V ac, slow 

_I 1 nr,  .~. 
Electrical Classification: Refer to data 

:, l .? -. 0 

figure 1. 
oscillator with Cover 

and Terminal Guards Removed 

CONTENTS. . . 

Introduction . . . . . . . . . . . 1 

Specifications - Oscillator 
(Part 42CI40CS or 00131)::';) . . . ? 

Installation . . . . . . . . . . . 2 

Strvicino . . . . . . . . , . . . 4 

Printed ~n Enotand 
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M1 021-240 
Paqe 7 

INSTALLATION 
Nominal Dimensions 

SURFACE MOUNTED 
LE- 

9 5 m m  (0 38 in) 
MOUNTING HOLES + i3: j 

3" 
174 

MOUNTING 
BRACKETS 

> W, 

TOP Ri BOTTOM 

CONDUIT FITTING 

CONNECTION 

INSTRUMENT 
PIILVER CrlNNECTlON 

CONTINIOUS CLEANING OSCILLATOR 

OUTPUT CABLE 
WITH CONNECTOR 
AND CAP 
i . 5 m ~ 5 n ~  

=POWER CORD CARRYING 
1.8 m 16 t t i  

PIPE MOUNTED 

t l l  "[,l T 

BY USER1 

+ U-BOLT 

COMPONENT DIAGRAM 

E13 E12 E14 E l l  E9 E10 
0 

0 0 0  0 0 0  
2 

IN645 0 3  
a C R 8  

IN645 
€.W CR7 

R2 R7 
6.8 kR 2 W 6.8 k n  2 W 

l ' -  l IN4M14 IN4034 
IN4933 C R l  CIt- CC3 

C2 -C=D CR6 IN4004 IN4004 m IN4433 i=k C""" C " C R 4  

CR5 E8 0 PWR RET. r V ;G+ R 1 
E l  Efi -5iTx& .--, 

0 0 - p k22!vz~ E5 0 E7 

0 W R  
INDICATOR 

240 V ac 
TR, I 

Figure 9 

0- 0- 
OUTPUT 

0 

W R T A B L E  OSCILLATOR 

Figure 2 



Wiring 

The oscillator must he mounted closer 
ti?n 7 .  7 i L 5  f t l  T Q  tho flowct!io c n  
t13t t h e  7 . 5  m ! 2 5  ft) screen-6 cahle 
r,!pplis4 with t h n  5 % . - = t ~ ~  ~ a q  r)nn.-ct t h e  
I 'W? . 

OSCILLATOR I P A R T  D 0 1 3 8 W I  

I, l..=. W..". 
;;C i-S ?>X'? , 

h 133-etic f l o ~ t ~ ! - e  wit!! t h e  Ultrasonic 
clei?::? Csc:?latrr nptloq t l f f c r s  in 
an?-aralce from a c t a n d a r d  flowtun- :.,v 
' - m  3drj1t177 "-- L*" i"o*<-:!,lOsan 
t..r";??ls ?~C.?LP.' 11 e " W  c"",necti"" 
5-r f j r  FLIOD~:~: :  or, irlti,xl o r d n r , .  T-n 

k w :  W 4 T E R  T I G H T  
r 
- ~- CO%VECTOR A N D  .- 

.T T ' = / S T ' n h j  .... P E L E E  
=--G 
C 2 

- , , 
. . ~ ~ 

oltput =a+:- f r o 7  the CLtrnsonlr i l m a n . l q  
?s:lllatnr cnnlerte to t ies? t?rmi?ll= 
:junctior b o x  1; portable -ori;o-l. 

- \ m  i~=tzll3ti.-r o f  t\m flowtuhn ac p o w - r  
1*a<!ii 1 s  5 : ~ l l l d i l  :" 3 stanaarii !lnwti?-, 
except t ! , a t  t I 7 . n   is f r o v  t!.? ac rnwnr 
s:>?s. ' !  eni? the irpri: pnwer i r .ac ls  ti, : . . p  . _.-.P, C l .-.r . > . . . .  ~. 5 - ? - S  :nroi,ni-t 7 ?a-? 
rnr<:?:t op?n:nn tr tl e fiow*.;?iir p0wi.r 
c,>! n c c r i o l  to:< (se.? F 1 g - r e  ; o r  i i .  

i Y A T E Q T I G H T  
C'J*I*;EC77q 

K-/- . p  , JUNCTION BOX 
IFI'"'LlEg8 

ac R F C i P T * C L E  . -  
C O Y I  " : " 
f i i rnn Y ~ F W ~  l 

El' 

::. U ..l 
;; il 

T O  a" R E C F P T A C L r  ( 2  S mm' \ 
0 "  L D F I  , i i i  fi.':Ci. 1 -  1 ' 7 , "  P I G I D  CONDUIT  Wall or Pipe Mounted 

F E E D  T H R O U G H  ~ +. 
' 7  5 m  125 I t !  

SlGN.IRL TEPhq!NALS lJLTRASONICOSClLLATOR 

INPUTPOWER A N D  / ' \  r , G N A L  CABLE 
POYIFR r'1 T P A N F ~ ~ I T T E R  T n  :PAr!SMITTER 

fi 

\ 
O U T P ~ J '  CAriLF ( P A R T  NO 

ac POWER L ' I O I ~ F C T I  I c , i P P ( l F I I I V T U  
SL,"PL' 

S Y C ,  v ,  
S e t  D A T A  J 
P I T ; .  

. . .  .I 
- W  - 5 , :  r U -  . 
r - r i -  C C C  r 
? - - P  . - > . C  U r r -  ? - . i . . . . . . .  

.- " - 2 :  L~ . . . .  .. I_ (, I . .~. . . . . .  - - -  ., 
~ , . . . . . .  
.~ . ~ .  . . . . . . .  r. '., ::. 

INPUT POWER A N D  
PC!<tiF5 T 1  T Q 4 V S U I T T E q A  5 1 - S'GPIAL T'l ?SA*IFt . ' ITTER CABLE 

POWER 
CONLIECTIOLI 
8 '3X 
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SERVICING Oscillator Power Output (C) Operational Check 
3. Connect oscilloscope across screen 

(shield) (SH) and white (W) 
terminals at flowtube lse? Fig- 
ure 6 1 .  

All components are mounted on the print~d 
wiring hoard assemhlv inside the housing. 
These components are accessible for 
servicinq by removing the panel from the 
housing. To remove the panel, disconnect 
the power and signal leads, and remove 
the 4 panel mounting screws: see Figure 
6. For details of component panel, see 
Paqe 7. 

Various levels of oscillator power are 
available by moving a lpad on terminal 
hoard TB2 located on the component panel. 
Refer to Paqe 7. 

1.  C!.eCk oscillitor data plate to 
d c t e r r n l n e  q I s~ipply voltage 
(100, 120, 2 2 0 ,  or Z 4 U  V ac). 

4. Turn on ac supply voltage to 
oscillator. Oscillator should start 
up and show approxlmately 70 kHz 
square waves. I'he amplitude of the 
waveform should be hu to 100 v dc 
peak-to-peak when operating from 
the 140 V dc secondary tap (see 
Figure 7 ) .  

2. Set up equipment as shown (Fig- 
LlrF C ) .  The terminal hoard is labeled 5fl V, 70 V, 

100 V, and 140 V. The instrument is 
shipped with the lcad connected to the 
140 V terminal. Decreasing the voltage 
level will decrease the power to the 
transducer. 

Power connections to the 
flowtuhe are shown for 
reference only; it is not 
necessary to apply power to 
the flowtube for this 
operational check. 

A preliminary voltage check may be made 
at the oscillator output terminals B and 
W (see Figures 3 and 4). Reaaing should 
be approximately 30 to 7 5  V rms depending 
on oscillator and transducer cnaracter- 
istics. (Due to the nature of the ultra- 
sonic voltaae. some low imDedance dc 

5. Repeat Steps 3 and 4 with 
oscilloscooe connected across 

For a 1 ki' transducer, the power steps 
are: 

screen I S H )  and black (B) terminals 
at flowtube. rms Voltage Approximate Power (W) 

50 0.5 6. If waveforms are correct, the 
oscillator 1s operating properly. 

, . 
multimeters may erroneously indicate 100 
to 300 V. Such an indication is more 

/PANEL MOUNTING SCREW 

likely to suggest normal oscillator oper- 
ation rather than an oscillator problem.) 7. If not correct, replace printed 

wiring board assembly (Part 
A2040UQ). 

I OSCILLATOR 
@ W A L L  MOUNTED SHOWN) 

Oscillator Supply Voltage 
The oscillator mav be adaoted to various Ktm 1 ,  8 ,~-.,--'L.Ll 

l- /, ~- 

1 ;  . l  Ill- :L1 1 1  

,JL#q l 
r l  , l 4 

supply voltaqes by moving instrument 
power leads on the component panel, 
Page 7  

m 
Does not apply to '!I? portable 
t)ltraconic cleaninq osclllntor 

Supplv Volta24 Trrrnlnals on Component Pancl v 7 
V 

a r  POWER 
SUPPLY 
(SEE D A T A  
l'LA1 E t  n 

100 V ac BLK to E3 and WHT to E4 
120 V ac BLK to E2 a n d  WHT to F4 
220 V ac H L R  to EJ and KHT to R5 
240 V ac ELK to F.2 an<! WMT to E5 

70 kH, WAVEFORM 
OSCILLOS?ODE SETTINGS. 

X AXIS. S i i r iD lV lS lON 
Y AXIS. 25 \i!DIVISION 

Fioure 7 

Fioure 6 
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Model Code 

008.541 

Parts List I - 

280H = 112 lnch Pipe Size 
2801 = l lnch Pipe Size 
281H = 1.112 lnch Pipe Size 
2502 = 2 lnch Ploe Stze 
2 3 2 3  = 3 lnch P p 0  Size 
? ^ W  = 4 lnch Plne Sire 
2"16 = 6 lnch Plnn Size 
26-9  = 8 lnch Pmoe Size 
2?0 = 10 Inch F p e  Size -.. 
i 2 = 12 lnch Plne Sze 

Tube Conslrucllon -. 
-SA = r : I  less Stool. Scher l~~ le  10 

= ;>I 1 7 . :  2 ; : ' - S ~ ~ ! P S ~  StnoI, Sch~r1m:In d n  

End Connections 
g* = : ' ;  . - larbon S l e ~ /  F lan l*  
R 3  = c' , ' : ,  :: ; l: Stainlosq Stne l  1-17,~~oe 

Liner -- 
- A  : :: . ~ W h a n e  IArl~orene "L"1 
- T  = T=,.:,'l~,nroathvlann (TFEI 

Electrodes 
8 = . ' . :  -Tunqslen 
C I - .  ",rtoss ~ + ~ ~ ! - C o l i c a l  
H = C ; C ~ . I ~ ' ? V  C 
K = p ; - ~ l ~ i r ) y  C-Conical 
P = Pla!niim-lrirl8ilrn 
S = 311, Stainless Sl-el 

Coils 
A = ' '/ 60 H7 
B = 74rl V 60 H 7  
C =  1 5 V 5 0 H z  
C = ??'l V 5"H; 
E = 213 V  S! H 7  

F = F o r  US? u n l  896 Transmitter 
G = For us9 w ~ t h  P.16 Tran5rnltter and 60 Hz ldual calibration1 

Housings 
- A  = A ? -  : c  - -21 S u b ~ e r g e n c e  
-G = G=--7; Purgow 
-L = Clfro.;nn Pesr<tant 
- V  = Ssbmer5iPle 

-Optional 
U = U- Elertclrole C I e a n ~ n ~  Drirer Assembly with Oscillator and Cable 

W = L 1 I t ~ ; ~ ~ c c  D.,v-r Assembly vtlth Cable and Jonctlon Rnx tor Portable U l t ra~on ic  Elec- 
tr l rrc Ci?anor 

Z = U q . , . q 1 1 ) ?  C-YPI A ~ s P ~ P I Y  without Osclllalor and Cable 

n.rr.;.-- L a 7 e  F I F ;D?-. c ~ ~ ~ ~ ~ , ,  
r , : .  ,:, C ,. ..-:..li.i l':*'.S,,l . .?D, , , - ,  ,." <' C*?,.' i;-,rrm,...-,- 

L<;: .. , ? ,  :,a.:ac ,.. , ~ .  Lni, . . r  c C . : ,  -,,i'nl~ 

2800 
MAGNETIC FLOWTUBE 

LINED METAL 

Styles R and C 

15 mm through 300 mm 
(0.5 inch throuqh 1 2  inch) 

Model Code 
(see page 6) 
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SANITARY ADAPTOR 

Figure E2320 

I I item I l I I 
1 I Ssnilary Adapter I item 2 1 ltem 3 1 

Flowtube (2 required1 Rolt 
Size 

- 
l m ,  5 8 v .  , F  1 l \ c , z ; , ~ % , , ,  1 \ r . :  r ; .  

OPTIONS 
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SANITARY FLOWTUBE 

'U 
plfe-LI'. >!TUBE 

2800 SERIES MAGNETIC FLOWTUBES 
Proven dependability and versatility in use make Foxboro 2800 Series Flowtubes your 
first choice for measuring clean, as well as extremely difficult-to-handle, liquids. 

INTRODUCTION possible to meter otherwise, are dependably measured 

A maonc.!lc 'Iawtllbn is the prlmary in-llne devtce in a with rnaanellc "owtubes. The prtmar" rf?aurremen! is that 

maon-1.c i l owm~ie r .  I! is u+eO to measure the *low rate of !he l iau~d have a1 least some rnlnlmum ab'I:!v io condi~c! 

electr m l i v  c o i r l ~ i c l v *  l ~ o u d s  The :lowtube produces a electr 'c ' ty 

dc or ac r , ' ! ~vo l t ; 1~e .  This l C ) ~ ~ - l e ~ e I  voltaoe IS dtreclly pro- 
oor'nnal to velocrv an t  tranclatable to vournetr~c 'low 
rate I! 15 converted intoa standard tranc,m'ssion sqnal by 
a Foxboro mao.iet)c flew t,anFm'!ier . d h!o$* n d u ~ t ' a  an9 rnurvcio?' v:;j!efIwasle liou,ds can be 
rnP?srlr? by r n a c l ~ ' : c  'I9:!ms:ers A c e ~  a r d  b lses are 
common appl~ca!iois. LVater and other clean lbauids 
wc.ck can $p rn~a'ored hv ?*her ~ ~ V I C O I ,  S I J C ~  a? o r ' ~ c e  

7 rn.;p'o::. can n i i3  h0 PIF?CII:O$ WI:+ m a q - ~ t ~  ':OIJ:*U!?DC $3 

' a b e  a<v??tagu c' * + o r  man" 69S8r-39 c 'Y-?:u~PS L ~ o Y ~ ~ s  
w t h  <u=oend:.d Col,S? and cnrlatn v:as!o f 9 w c .  oft-'? ini- 

CONTENTS . . .  
Iitroduction . . . . . . . . . . . . . . . . . . . . .  1 
P:nc D!?  o' O~r ra ! ;on  . . . . . . . . . . .  2 
Flo?.iture Con'truc:on . . . . . . . . . . . . . . . . . . .  2 
Indu?tr~al A ~ ~ l c a l ~ o n s  . . . . . . . . . . . . . .  R 

. . . . .  Prv i l s :  Sa'otv . l r )  
Cr.--. F F ~ . , J , P "  , .  ! C  . . . . . . . . . .  . 

. . . . . .  S;,rnmirv . . . .  . . 1 1  



PRINCIPLE O F  OPERATION 

The operation of a magnetic f lowt l~be is b a ~ e d  on 
Farodnv's law of electromaqnetic indoclion Voltaoe (V,) 
is ~ndirced tr! a cond!~ctor movtng throuah a mnrinet)c 
ftPId 

The voltage 1s proportional to the intensity (V ol the maa- 
netic 'mrld. 17-1~1ll~alted bv thelenqth 0,)andthr velocttvcvi 
of t'ie conductor. 

In a rnaqnetic flowtube, process liquid is the conductor 
and the dstance between electrodes (flowtube diameter) 
is the condilctor length. Fiqure 1 illustrales the basic prin- 
clDle of ooeratlon. A macnetlc field 1s created hv co~ls  out- 
Side the tube, and the process Quid flows throuah the 
f~e ld  inside the tube. A flowttlbe must be built so that the 
generated voltage 1s not dssipated through the walls of 
the tube. 

F i q ~ ~ r e  2 shows the kev components of an actual mag- 
netic flowtube TWO metal electrodcs, mounted in the 
flowtube wall. ensethevol taae induced bythe fiowof the 
process lioiild Ths voltaae IS directly prooortional to the 
averaqe velocity of the l !qu~d passing through the flow- 
tube The flowtube coils are energ~zed by an ac or pulsed 
dc power source depend~nq upon its calibration The 
magnr t~c f~e ld  and resultant induced voltaoe have the 
same characlerstlcs as t'ie energizlnq current. The m ~ l -  
lrvolt ot~lput sional is protected from interference by 
screens ishli.!dsi and amnllfled by ;i transmitter into a 
standard tr?l- i~m\sson c,omal 

The mrterlno t t~be is hascallv a cond~lit  for the process 
I~qll id It the I U ~ P  is mctal. 11 must have a linlnq iwhlch 
sprvrs as an clcrlr ical n=olator) on l <  inQid- wall A pair 
of el%trodns. prtendnq tl~'ouoh 1-e w!all of the tube, are 
essentially tl,!sh w ~ l ?  the ~n?irl;. surfac? of the tabe. The 
t~rhe end connections are IISLIIIIIY flanged for mounting in 
a pipeline. Flared ends for o r ~ c k - d ~ - c o ~ n e c t  clamos lsan i~  
1a.v f l ow tuh~s i  and placn ends for Dre?sPr co~1011nqs 
llaroecl SIZP?) are also uqed 

TUBE 

Figure 1. Operational Schematic Drawing 

M o u n t ~ d  outs~de the tube are a p a r  of coils which create 
the eleclrornaqnetlc f~eld In the tub? A laminated trans- 
former ?[eel core mounts nroi~nd the coil? This core corn- 
pI?!?s I!ie macn-ttc clrc:iat and maonettcally sh!sldf the 
rnPasur,:lg zone Screened ( r h e l d ~ d i  [Pad? connPct the 
electrodes to terminals whr r r  thu tran?m~tter cable is at- 
tached Except for the ends of the mnterrnq tube, t3e en- 
t i c ?  flowtube is enclosed bv a sealed housing. 

FLOWTUBE CONSTRUCTION 

Metering Tubes 

Basic Materials Because the magnetic field is created 
o u t ? l d ~  the tllhe, non-magnetic tube materials mus: be 
used AlSl 300 Series stalnlPss steel-the standard for all 
F o ~ b ~ l r o  Ined-mntal flou!tuhcs-does not Ihmlt or d~stort 
the m?qnetc f l ~ l d .  It is avallahle in the standard pipe 
slzes rrauired and IS a corrosion-resistant malerial, The 
four cholces of linlng for stainlees steel tilbes are l~sted in 
Tabins 1 and 2 A tabulation of tube maler!als and elec- 
trode metals is given In Tl 27-7tf. Data is included on 
chemtcal compatibility with various process liquids suit- 
able for measurement by maanetic flowtubes. 

Unlined Resin Tubes Also l~sred in Tables 1 and 2 are un. 
l~ned qlass fber-reinforced resin flowtubes Smaller diame 
ter unlts 1200 mm I R  111 and smaller) have epoxy resin as the 
plass bond!ng anpit. Polyester resin I? used in the larger 
tubes In all s:zps, the inner wall is a smooth olsss-free resln 
surface Measurement voltaor cannot dissnate into the 
p~oel~nP w ~ t h  lhese noncond~lctiveinonpermeablc tf~hes. 
Th~s nl!m~nates thp need for an n s ~ i a t n o  l~rier Ttlhes o' +?!S 
constrl~rct:on arc nownaanprlc. Ro~rforcer! resw f l o i ~ ~ ~ ~ h e s  
are OLVF In orice than corrpsnnnd~ng s'7ec of lined mPt?l 
unlts, yet are si~itnhIP for a w ! d ~  varletv of aoolicnlions. 

CLASS I. GROUPS B. C. (Ir D. 
DRIVEN SCREEN DIVISION 2 HOUSING 

-J 
EXTERNAL COILS 

\ELECTRODE 
CUP SHIFLD 

~! ih lPONFNTS .- 
L METERINCi 

TUBE 

Figure 2. Cut-away View 

Lining Flare Protection 

In addition to soool pieces and other opt~onal parts for 
flo\r?t!:t)e f lana~?.  a ptfp !in$no protecton d r v c e  IS availa- 
bin 1)  ion,-^'? of a p a r  of s,anIp?c s t e ~ l  r110? whCI1 fit 
around !'l<. "?$!er d~nm?tPr of 1% 'Ianae ra~setl laces and 
nxtfmd beyond the ra~sed faces. aprrrovim~~lrly 15 mm 

I 
I0 5 in) an r:ich end T l i ~  rncs  arc .:pot-wold~d in olace. 
Ttlnir help p;!?iiPn' IPntnn dnrnaoe i' fl:?n?P bo't', are ovPr. 
tor"t!sd 41.0. I a prvnl: tooi 1s uyed to rPnovr a f l o w f ~ ~ b e  

r fro,:i a p n r n e ,  the rinqs help to p r ~ v e n t  cuts In the linlna 
I l z r ~  A pn r  of thck.  ?o l~d ptfe qaskets are Sup~IiecI l0  
cover the n i n a  flares i i s t d e  :he r.ngci to effect a good 
flanqp joint seal wlhorlt i inng damnoe. 

Conical Electrodes 

Conical-shnoed electrodes arp o~t ional ly available on 
ptfe.llned :ROO Serles Flowtubes from 25 mm ( 1  In) up to 
300 mm (17 in) in s17e Thcre IS a choice of AISI Type 31fi 
stainless steel or HastellovC metal for these electrodes, 

Low-Voltage Electrode Cleaning Assembly 

Thiq Inw-prlorav electrode cleaner 1s used to remove . - 
~ ~ ~, 

sludae and f$I!n deooslis from the electrodes The output 
of the cleaner is a nomnal24 Vac (50 or 60 Hzl through a 
current- l~m~t~ng 5000 0 resistor. 

Ultrasonic Cleaning 

To prc!ect against the lorrnation of insulative coatingson 
the flowtube ~ lec t rodes (and eventual loss of measurn- 
nvn t  accurzcvi ari ultrasonic cleaner can be lised 
F q r h ~ r q  0 " 1 7 1 ^ .  a chocc or cleann. ootlons in!,!!l on- OD- 

!,on, !ha c*O!e 'rom t1.r .;<cl,a!i.i C?i,!Pr S~lpolv 1s co l .  
nt,ct~!l dlrectlv to termnal i  in<i.iP tlie 'Iowlt~be ho~lsnq.  
Anotho. "Dtion is to ha\:" a junct'nn box wlrrd to the 'low- 
It!ho ter-,~:!lr Ths O:;IIQP s uc-d 'or the porl,?hle elec- 
1:qde c ler ln~r  The 1 5 m (5 '!\ scre?rled ishe ldn l l  ca!lle 
from the osclll7tor n o w ~ r  slrpaly is t?!mln;itec: w t h  a con- 
noctor whlch nlligc ntr ,  lunrtlnn box. 

;or most nnaIica:ic,nc. !ile ,~l!:a?o-ic ctezn-: choulrl be 
onora!cc! rnnr~nuoi~?ly lo provde nrrx~mum protection 
ailalnst t h ~  tormallon of insulat~ve coatings. For such 
r?s rc ,  I ~ P  d~rec t -w~r rd  osc~lialor power s'100ly is the 
m w t  eccnomical instnllat~on When :ntermlltent elec- 
t i l de  ciean!nq is perrn~is~ole,  t h ~  po r tah l~  ultrasonlc 
cleaner can be ilsed. Wlth thisop!lon, theosclllator power 
sl~nply can he eas~lvdsconnected from one flowtube and 
cnnnnctrd to anothpi. oerrn$'t~na periodic Cleaning 0' 
Snvfm: nloctrodqs u ~ l n q  a c'nQlc= pnwer ?sipply 

d T t l ~  electrode cleanincl action r e s ~ ~ l t s  from v~brationc of 
6' ? 1": imo?c!Pd In the Pt*Ctrode ci!rfzce? Tlio 
i : i ' l lClr <!'P!' c-ons,-:c c' :t.,!o -3.1 comoonnntr a pzir o' 

1 f ~ n ~ ~ r o d ? C ~ : : e r s ~ ~ r r ; d o  15- ! I?wtt :h~ houc~narnnd the ex- 
I r 'nal  orcil'?tor power ?:jpnlv T h i  d r v ~ r s  nr r  mechnnl- 
r.!l a - ic ,n !> ;~es o '  ~ t a ~ l ? - $  r tnp l  : l  and a 
, . . : e r . o  : r ~ ~ ~ : ~ ~ ~ t ? t ~ ~  
Zcrn?llir 15  U'IIIZF-! in i:'!:?i-ollc ? Iea" 'n~  ~lc~.-v?l i r .c 10 

prcvent iinv d~stur!,ancP ~r ,  Ihc flow rneaS~IrPmPnI. Ultrn- 

son~c clpaninq is available w ~ t h  all 50 mm 12 11) and laraer 
s ~ z p ?  of 2e00 Ser~es Flowtubes with standard hoilsings 
and slainless steel elPctrodes. It I T  also avaahle in 
S f l  throuch ?O!l mm (2  thro~ioh 12 in) flowttrbes with Has- 
teHovC or t~tanlilm elecrrodP?. It IS not r ? v , ~ ~ l a b I ~  V!'!: PTB 
approved verslons of flowlirhes 

High Calibration Accuracy for ac Systems 

For 2R00!E96 !n<tallations whch  reoulrP hlah-r accu. 
racy, optonal system accuracv cal~braton can be per- 
formed n the Forboro Flow Laboratory Tht? feathlre 
provldes imoroved svstem accuracy because the partlcu- 
lar :lowtube and transmitter to be u v d  together are call- 
brated together. These specially callhrated systems 
include a 2800 Serles Fowtube (any r:ize or versioni w t h  
an E96 Ser~es Transm~tter and ootlonal counter tit 
precpnl) A Foxboro electron~c recordcr can al?o be in- 
cluded n a callbraled system. 

Replaceable Metering Tube Assemblies 

To enhance on-site repair capability of 2800 Series Ficw- 
tubes, precision replacempnt metering tubes are avallahle 
The lining and flanges are includpd. completely assembled 
with electrodes and wlrinq terminal blocks. Atvpical reOlaCe- 
rnent tube assembly IS illustrated In F~gure 8. Other parts. 
such as field coils and houslngs, are also available as re- 
placement items. They can be stocked and installed on site 
to mlnlmize downtime. The simole renlacement operation 1s 
descrbed in Instruction MI ( P I - l 8 1  

Flgure 8. Replaceable Metering Tube Assembly 

SUMMARY 

D~veloped from the ''know-how" of ovpr 30 years of ex- 
perlence in manofacturinq lhousands of quality magnetic 
iowmetPrc for industrv and soecialtzed aool~catons. Fox- 
boro Sorl-S Maqnetic F'?v!tubes offer ~ rce l l en t  
value. T,.,c d,scucson covrr? the proven d$s!gn IPntures 
of t~lcsc3 f lowl~~b~!s.  and details their sturdv comnonents 
and aF'"r,hiy tcchn~olla? C,lp:v araPcts and adrlod ver- 
s l i I ! v i - " l  ormnrial iea?$iri,< ,?re a!?? ~ I ~ C I I S S P ~  ?.I?nv of 
t h ~  r%!SoiS act- given for 111- h ~ g h  pPr'nrmance and de- 
pendilbity w l i~ch make the 2800 Sort? Mapnvtc  flow^ 
tub" v?~.il flrct choce for flow mP+PrlnO a p D ; ~ C a ~ ~ o n ~ .  



Piping Considerations 

'0 a.?".? e v c l z c  ..F ' " . -$  ::.yrs. ' T O T  ?>r%i..!?S, a l e  co5.t. 
"8. - .  . .  .; ?-P! . :?" . . . ,  '... , ,F  ;....m r ;n C. : in '?\,. 

S':?,: 7" m:!-,rS l ?  ;l c..? 1-' $"C:,?" C, p 72 :..L;* ? 2.  

p 2 c :  ' y e  C.?e," :.-n.er< I l ; -n:i  : - 1 - 1 3 . 8  . . I ,  I * . : y c O l  .La 

;,c L.,, no ' C  -;c-: : h r  "n.%',,f,c - v . q , , r . . r (  .n"-n\.i.. ..'. 
r  l e -  , .  c - ,  - L i " 1  S "  ?..Cl+?, . g, r e  c"n- 
"1C:od 'C 2 ' .- .: . . ' . , i 'C. "'n7c 'i.. cnnr I:,'., : a..:,,. .;or! ?./ 
.'," r.3" I'" ' ?-,:p ? r  .?, m?:.:, , -  ...- e q  ~ . . . . , . . . 
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PRODUCT SAFETY 

Thclcr, i I r ~ . ! ! + ~ ' c  9.0 "?p? 19 ~ ~ ! i ? ' : ,  pcrCOlnei ia'o'v 
rPcl1re"liiP:- 10 FTI r ~ i e  gotl i - fa1 ct.gc' and c a - ~ i -  
211,~ Ihlzarric 7 ' ,cv  are 2lco r;..ean~r! lo  b n  i m<n:ml:m ''P 

n:!;ar0 t v  !!.P o' 2nnl,.~-:i. ~1-8;lzi.on ancl cQcar?'!on 0' 

circwls ! ~ r  r . e m e n 1 s  C: Farforv M~ttual  nr 
C-- :ntan .5+7zi!;.lr ; . c - ~ ~ r i t , n n  ( F M  0: CS,?\ are oenor- 
; ' , v  ' 1 ' , 1 ~ 1 ,  a; ;L.,;'' ac *-.- c ^ ~ P Y " : ~ , c  q!:?n+rT1~ a,<,3nl~d 
',v l ')? C.C?( ! [ I ,  7 ~ 1  ?,::'etill H a ~ 1 )  i . ~ ! m r  ^':zX1 sn 

tr:ySL!ai kA?lc',, .-. *'l,..,= c:.:"<a.r!. cone.111:, c.1 ,r8,,.. P,.,,. 

? r  rool l l r i l rPP' , ! c "  :1 ~ t i l i ' r  r a r ! ?  n' *hr. wcr? 

ac Calibrated Flowtubes 

For 2:: C ~ C I ~ T -  tqn :;'c'; S j i ~ e s  Fln~,:tt;t~ns in ~t7ei: from 
7 '  'i.rn8,1.:', .,I,' q m  ( 3  ' ! : r r , ; ~ q * ~  2 r  n !  3-i. ~ ~ r l i i l g  hv FM 

an< cq i  ? c  r . , .an le  'nr :;, n r??j.-:!,.; In r? l qn?  ;?nd n 
C = - -  1 G rn , , r  7 c, 2 - r !  l', p ')!c cn 2 h;n.:!?vq :oca- 
tigcc S 8 p q  :' ' a ~ r ]  fi m- ( l , ' ( '  ?no ."l are cert 'I?< bv 
Foxbor" Inr tic- I? !he?+ 52-0 13c2191C 

Pulsed dc Calibrated Flowtubes 

For p u l v d  dc cvstemq. 28nO Series FIowtublj*l in sizes 
2 5 t h r c l i ~ i l  QCin m m  I ?  'a throuoh ?L !nl  are Foxhoro self- 
c e r t + e d  'or u.0 In ord nary lncallons and in Class I. 
Gro~ros R. C, a i d  D. D,/,cicn 2 hazard"!!c loca!tms as de- 
fnPd bv FM or CSA 

OPTIONAL FEATURES 

Hazardous Locations lnstallatlons 

ATyoeY purolnoootlon is ava!lable on  300 mm112 in iand 
smaller S;Z?S o' 0'1.. ~s'e.,  and oolyurethanr-lined 'low- 
1uhrcv:hch a r w ? S o ' i ~ i * o  c0r lz le3  D V  Ft,,l or CS/\ '9' C '11- 
r!on 7 h ~ z a r S 1 ' ~ ~  nca!r"ng W "  Y C IJ '~ : 'C ,  

at" l0sDh~re i'i 1% hous81q IS m a ~ n t a l l e d  a: C v;<"Y 2 
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11" and r a n l o t  hp chancnl on S''- 

Submersible Operation 

Th- ?PS5 Serec F lowt~ i ! ,~  can b r  nnc3'0d n a wnte.!,oht 
o ~ c i ? i , ~ r r .  'or rn?t,,!,wc npera:on q4 :he lloinimc.i~r 
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Accidental Submergence 

T h c  on1q.i o r q v , d ~ r  a i.in+erl?hI enc ln~u re  v:h:c+~ro.  
lec t r  the 'lowmete' from a c c ~ r l ~ n f a l  su !?~e rcence  1'1 a; 
much as 'i m 130 11101 water for a p e r ~ n d  n'uo 1024 Pours 
Typical use IS In a muncipal  waste 01: whsch cou!r! over- 
ilg'w 6:lrlnq t?Pavy rain. The houcns  is coaTed $";,!': an 
OoOYv p a ~ l t .  S-led with RTV, and then prPSS1JrS IPC:P~ A 
s~.icoly o f  RTV F 2  oortnq comoounr; 'S nclud-d 13 QPZI 

s19nal and Dower connect3ns d i i r~no  lns!al lal in 

Corrosion.Resistant Coating 

For operaton in extremply corrosive environments, a su. 
perior corrosion-resstanceoo!on 1s available for 3CI0 m m  
1'2 in) or smaller flow'ubps AODlied :o the housing is a 
c h i ~ - ' e ~ , ~ ! a n l .  Sake?.on drner;v? coatlnq o: v inydene 
fI,or'rJn l. I $  ooros~tv-free and rwmoermnsble. age I: re. 
s,cts corro'~on from v o - l  r'ronq i ~ d u c * r i l  chnmr? i s .  ~n .  
c l t jd~nq ho' caustsc i ~ o u ~ d s  
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Figure 3. Sanitary Flowtube 
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The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based 
systems that control entire plants. Industries served are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and start-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill. Surrey, England. Phone: 0737-65000, and Soest. 
The Netherlands. Phone: 021 55-90911. Corporate offices 
are located at 38 Neponset Avenue, Foxboro, 
Massachusetts, U.S.A. 02035, Phone: 617 543-8750. 
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Redhill Surrey England 
RH1 2HL 

Foxboro Yoxall 
A Division of Foxboro Great Britain Limited 

Guarantee 
The Company undertakes t o  replace free of 
charge any component of its own manufacture 
(which excludes electronic tubes) which, in 
the opinion of the Company, is not within the 
specified limit of calibration or is defective in 
material or workmanship under normal or 
proper use, provided that the same is returned 
at the customer's risk and expense t o  the 
Company's works within twelve months from 
the date of the despatch by the Company of the 
equipment to the customer. 
All representations, conditions, guarantees and 
warranties by law or otherwise howsoever 
expressed or implied are hereby excluded to the 
intent, except as above provided, after delivery 
t o  and acceptance by the customer of any 

Service 
The Company is anxious to be of every possible 
assistance t o  you, to ensure your continued 
satisfaction. A fully qualif ied Service 
Engineer will call promptly if the need arises. 
Arrangementsfor this service in  the British 
Isles should be made wi th  the Company at 
Redhill. In other parts of the World arrange- 
ments should be made through the nearest 
Representative and/or Factory listed at the end 
of this book. 
A unique feature of Foxboro service - of 
particular interest t o  Companies which do not 
have Instrument Departments or enough 
qualified Staff to carry out regular inspection 
and maintenance - is the Service Contract. 
Under this arrangement, a ~oxboro-serv ice  
Engineer will call at stated intervals to check the 
cotidition and operation of all Foxboro lnstru- 
ments in your Plant. The Service Contract is 
also used by Companies for the routine inspec- 
t ion and maintenance of highly technical 
instrumentation which requires specialised 
knowledge and experience. 
The Company provides an expertly staffed 
and fully equipped Training Centre at Redhill 
devoted t o  the instruction of customers' 
Instrumentation Engineers and Service Men. 
The courses cover: theory of operation 
maintenance and application of the principal 
types of instruments. Applications f rom 
Companies in the British lsles should be made 
to Redhill, Surrey; from those in other parts of 
the world, t o  our nearest Representative as 
listed at the end of this book. 

Tel: Redhill (0737) 65000 
Telex: 892852 
Telegram: Yoxbri Redhili 

\: 

equipment or apparatus, the Company shall not 
e- 

be liable for any loss, damage. lnjury, delay 
or expense or consequential loss or damage F- 
howsoever arising f rom or i n  respect of the 'L 
eouipment or apparatus or the use thereof. 

Pyrometer Thermocouples, ResistanceThermo- 
meter Bulbs. and Protection Tubes, on account 
of the severity of their usage, are not subject to 
replacement unless returned unused. 

The Company shall not be liable for loss, da- 
mage, detention or delav caused bv fire. strike. 
civil, or military authoritv, insurrection or.riot, or 
for other cause bevond its reasonable control. 
Acceptance of apparatus by the Purchaser shall 
constitute a waiver of all claims for delay. 

Parts 
Parts Lists fo r  Foxboro Instruments may be 
obtained by writing to the above address. I t  
is strongly urged that only genulne Foxboro 
parts be used. Always give the serial number 
from the instrument data plate when 
requesting parts lists or ordering parts. 
(Those unfamiliar with Foxboro Instruments, or 
lacking the proper tools and equipment, 
should not be permitted t o  undertake any 
major service work.) 

Replacement 
The Company has considerable knowledge 
and experience in regard t o  the economic 
life of Foxboro instrument equipment and will 
give advice on the desirability or otherwise, of 
f i t t ing new parts into the older models. 
Improvements in design, materials, or methods 
sometimes make it more economic to replace 
rather than repair an instrument which has 
been in service for a long period of time. 

Charts b..- 

To obtain the most accurate and consistent ' f 
recording performance from our instruments, l 
we strongly recommend the use of genuine A. 
Foxboro strip and circular charts. 

- 



l GENERAL INSTRUCTIONS 

@~p)irlerad Trademark 

, Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 
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P a q e  1 5  

STANDARD SPECIFICATIONS 

Measuremmnt L l m ~ t 5 :  

*UDo?r l i r l i t s  a r e  r l i r f - r e n t  f o r  f r n o t l r ~ n c ' : - o u t p ~ > t :  see I n < t r r l c t i o q  
" 1  n 2 0 - 3 4 0 .  

**! . in i t -  ! icterl a r c  o v e r a l l  l i q i t s  f o r  ,.:CC C C I ~ E D ~ .  A c t u a l  v a l ' : n s  
rlennnil o n  n o s i t i o n  o f  r .nan  j u m n e r :  F P  P a q -  R. 

S E N S O R  
rJA?:SE 

LOI.; 
2' iu 
II1C.H 

Maximum O v e r r a n g e :  1 5 0 %  o f  u p p e r  r a n g e  
L i m ~  t 

O u t p u t  S i g n a l :  -- 
4 t o  20 mA 1 

1 U  t o  5U mA a s  s p e c i t i e o  o n  d a t a  p l a t e  
F r e q u e n c y  t 

PA>!GI?* 

- 0 . 1  a n d  + 0 . 3 5  
-0.1 ancl c 1 . n  
-0.1 and + 4 . 2  

~ r o c e i s  c o n n e C t i o n :  T a p p e d  f o r  1 / 4  NPT, 
l / 2  NW, R 1 / 4 ,  o r  R 1 / 2 ;  a s  s p e c i f i e d .  

T e m p e r a t u r e  L l m l t s  
P r o c e s s :  S l l l c o n e  O i l  F i l l ,  -40  a n o  

+lZu"c ( - 4 0  a n d  + 2 5 0 ° F ) ;  o r  F l u o r i n e r t  

;FA':*+ 

0.0: a n r l  n . 3 5  
o.;! 3qc! 1 . c  
O.H anri 4 . 2  

" S  1 

Power C o n s u m p t i o n :  4  t o  20 m& o u t p u t ,  
1 . 2 ,  W maxi L0 t o  50 m A  o u t p u t ,  3 .1  W 

Ph1:GF4 

l a n  ~ 5 n  
-1' 3 - 1  1  
- l c  l 0  

max; f r e q u e n c y  o u t p u t ,  2 . 5  W max 
A c c u r a c y :  1 0 . 2 %  o f  s p a n  
! :  W e a t h e r p r o o f ,  d u s t t i g h t ,  a n d  

w a t e r t i q h t ,  a s  d e f i n e d  i n  I E C  IF65 a n d  
:?!::.!A Type 4. 

Zeru S u p p r e s s i o n :  Up t o  300% of  minimum 
s p a n  i l m i t .  Sum o f  s p a n  p l u s  s u p -  
p r - s s i o n  c a n n o t  excerc l  u p p e r  r a n q e  
l i m i t  o r  s e n s o r .  

sFhl . : t t  

1 0  anr i  20 
? n  ar,! I5n  

120 ,ncl 6 o o  

011 F i l l ,  -16  a n d  +RO0C ( 0  a n o  Z e r o  E l e v a t i o n :  Z e r o  c a n  h e  e l e v a t e d  
1 8 U D F )  : a s  s ~ e c i f  i e a  un t r ,  a f u l l  vacuum. 

Ambient:. -40  ;nu +BODC ( - 4 0  a n d  
+ ;80PF)  

Power S u p p l y :  S e e  P a g e  5 
o u t p u t  I Z ~ ~ L :  S e p  F l g u r e  9 

TRANSMllTER IDENTIFICATION 

AGENCY 

Mass ( a p p r o x i m a t e )  : 5  kq (11 l h )  -- 
F l e c t r l r a :  C l ? r s i ' i c a t i n n :  S e e  F i q u r e  2  --- 

PL9TF ~-/E':;E 
,:- . - . ... .. 8 . 

. . .. :: 
, . 

r 
. . .  .~ 

-. .. 
3 I: :2 

SENSOR RANGE 

I r 

\OUTPUT RANGE 

P ~ n i ! r e  7 

! F 0 9  DETAILS. SEE AD-  
JACENT AGENCY PLATEI C * 

C C 

TO REPLACE SENSOR 

1. D i s c o n n e c t  e x t e r n a l  w i r i n g  and p r o -  
c e s s  p i p i n g .  

2 .  D i s c o n n e c t  v i o l e t  a n d  q r a y  w i r e s  
f r o m  t e r m i n a l s  o n  ~ 1 e c t . r o n i c s  
module .  Loosen c a p t i v e  s c r e w s  o n  
module  ( F i g u r e  2 7 ) .  

3 .  L i f t  o u t  module  ( w i t h  r e m a i n i n q  
w i r e s  a t t a c h e d )  t o  e x p o s e  s t o p  
s c r e w .  Loosen  s c r e w .  

4. Loosen  l o c k n u t  s o  t h a t  l o c k i n g  
p l a t e  f a l l s  f r o m  r e c e s s  i n  t o p w o r k s .  

5 .  Unscrew s e n s o r  ( a b o u t  s i x  t u r n s )  
f r o m  t o p w o r k s .  W h i l e  u n s c r e w i n q  
s e n s o r ,  r o t a t e  v i o l e t  a n d  g r a y  p a i r  
o f  w i r e s  s o  t h a t  t h e y  d o  n o t  t w i s t .  
When s e n s o r  i s  s e p a r a t e d  f r o m  t o p -  
w o r k s ,  e a s e  w i r e s  o u t  o f  t o p w o r k s .  

6 .  L i f t  o f f  l o c k i n g  p l a t e  a n d  l o c k n u t  
f r o m  o l d  s e n s o r  a n d  p o s i t i o n  them 
o n t o  new s e n s o r .  S i d e s  O F  p l a t c  
m u s t  be p a r a l l e l  t o  sides of  s e n s o r .  

7. R ~ m o v e  t h e  f o u r  b o l t s  t h a t  h o l d  
s e n s o r  a n d  c o v e r  t o g e t h e r .  Remove 
c o v e r .  

ELECTRONICS 

SENSOR I L s T o P s c R F w  
~~ - 

COVER 
LOCKING PLATE 
AND LDCKNUT 

SENSOR RANGE 
ID~NTIFIcATIoN.  
L fLOWI. M IMFDI, 
OR H IH lGHi  

F i g u r e  27  

R .  L u b r i c a t e  t h r e a d s  a n d  O - r i n g  o n  
n e c k  o f  new s e n s o r  w i t h  s i l i c o n e  
g r e a s e .  

9 .  I n s t a l l  c o v e r  w i t h  new g a s k e t  o n  
s e n s o r .  L i g h t l y  l u b r i c a t e  b o l t s .  
T i g h t e n  u n i f o r m l y  b o l t s  t o  a g r a d u a l l y  t o r q u e  of  a n d  27 N . m  

l 2 0  l b ' f t ) .  

1 0 .  T h r e a d  w o r k s .  s e n s o r  S c r e w  s e n s o r  w i r e s  u p  a n d  i n t o  t o p w o r k s  t o p -  

t o g e t h e r  a s  f a r  a s  t h e y  w i l l  10. 
R o t a t e  v i o l e t  and g r a y  p a i r  o f  
w i r e s  s o  t h a t  t h e y  d o  n o t  t w i s t .  

11. T i g h t e n  s t o p  s c r e w  a n d  t h e n  b a c k  
o f f  1/4 t u r n  ( h e a d  of  s c r e w  s h o u l d  
b e  be low s u r f a c e  o f  c a s t i n a ) .  I l n -  
s c r e w  t o p w o r k 5  u n t l l  s t o p  s c r e w  
h x t s  s t o p .  

1 2 .  I f  i n  S t e p  11, t o p w o r k s  was r o t a t e d  
a t  l e a s t  3/4 o f  a t u r n ,  p r o c e e d  t o  
S t e p  1 3 .  

I f  t o p w o r k s  c o u l d  n o t  b e  r o t a t e d  
3/4 o f  a  t u r n ,  l o o s e n  s t o p  s c r e w  
a n d  u n s c r e w  t o p w o r k s  a n  a d d i t i o n a l  
1 / 4  t u r n .  T i g h t e n  s t o p  s c r e w  a n d  
h a c k  o f f  s c r e w  a h o u t  1 / 4  t u r n .  

1 3 .  O r i e n t  t o p w o r k s  ( w i t h  r e s p e c t  t o  
s e n s o r  a s s e m b l y )  i n  d e s i r e d  p o s i -  
t i o n .  I n s e r t  l o c k i n g  p l a t e  u p  i n t o  
r e c e s s  i n  t o p w a r k s  and t i g h t e n  
l o c k n u t .  

1 4 .  P o s i t i o n  t i e - w r a p  t h a t  is a t t a c h e d  
t o  v i o l e t  and g r a y  w i r e s  b e h i n 6  
p l a t e  o n  r e a r  O F  module .  C o n n e c t  
w i r e s  t o  t e r m i n a l s .  

P o s i t i o n  h o t h  p a i r s  o f  w i r e s  i n  
g r o o v e  o f  module .  

15.  P o s i t i o n  module  i n  h o u s i n q .  T i q h t e n  
c a p t i v e  s c r e w s ,  makinq s u r e  t h a t  no 
w i r p  w i l l  he c r i m p p d .  

16.  Compl-tm A AO.1 p o t e n t l o m e t e r  a d -  
] u s t m r n t  ( r ~ q u r e  2 6 )  a s  F o l l o w s :  

a .  C o n n e c t  v o l t m e t e r  t o  BAr, TEST 
t e r m i n a l s .  S e t  up bench  c a l i -  
h r a t l o n  equipment ( F i g u r e  1 6 ) .  

b .  W i t h  n o ' c a l i b r a t i n q  p r e s s u r e  o n  
t r a n s m l t t p r ,  a c ! j u s t  ZERO s c r e w  
s o  t h a t  v o l t m e t e r  a t  BA!, TCST 
t e r m i n a l s  r c a d s  0 . 0 0 0  20 .002  V. 

c .  A d j u s t  A ADJ p o t e n t i o m e t e r  s o  
t h a t  v o l t m e t e r  i n  o u t p u t  l o o p  
r e a d s  2.000 r 0 . 0 0 2  V. 

17.  C a l i b r a t e  t r a n s m i t t e r .  

SPEC 200 is a trademark of The Foxboro Company. 



TO REPLACE ELECTRONICS MODULE . norition t t 8 e s e  w i r a c  i-. .:!Ao 7 r o n l r r  
n i  7 :  , ' 3 :  . . - -? - . , . , . > -  . . . ,  to T O ? ?  .-./ -,,-: : : c .  

INSTALLATION 
TRANSMITTER DIMENSIONS 

PT9 E 4 P T V  

1. T u r n  o f f  ?o'*.nr. Pe?3s;e ? r r , , ~ , - r i s  
, cover  f r o m  o p c r a t l ? i l - 2 r j ? : i - ' m ' - n f  
; n m p a r t - e n t .  

2 .  O i s c l i l r e c t  t b e  !vc : ? a i r s  o i  W : : - : -  

( F i O c l r ~ .  2 5 )  'ror t-r~!n3!5. ':o*, 
!tor. ;>-iir-:  a r c  n , i i i : ~ : . , ~ r :  F .  : r . . - , , ; i  - 
1 1  e ; c c t r o " i c s  -W i,:,.. . 

4 188 - - .  4 
ALL@'>! 75 #?m 13 ,nl 
C L E A R r l Z C E  F O P  1 1% __ 
COVE, 

2. ::.)n?r?<?t V O ~ ~ " ~ ~ . * P T  ; r i  " F ! ;  
- n : T ! - - : ! S ,  y.-.. ..:., : ',.~,.:- ,.: , - 
h ?  c .  7 : 1 L , .  

TOP#OWUS CAN 8 E  / 
. 

,, ... ..,,, . POTFUTIONMETER 
\ 

, , . ..,l , 

T n e  t r ~ n s m l t t e r  can he mountea in any 
position. 

T h e  U - b o l t  (suppliec with the m o u n t i n g  
b r a c k e t )  clamp!; th? h r a c k e t  to a D N  50 or 
2 in plpe. S-c Figure 4. 

PRESSURE 
C O I I ' . F t T I O N  

VOUNTING 

Tbe pip? c a n  re clarped to a n o t h e r  pipe, 
o r  f l a n q e a  anc l  b o i t e i ;  t o  the f l o o r  o r  
w a i i .  'T:.e plpe c a n  L,*. h o r i z o n t a l  o r  
' 2 ~ r t l C d l  (a:, i h u r n i .  T!,e U - b o l t  c a n  he 
r o t a t e 0  Z b D  tu r  ~ 5 e  W I C ~  a h o r i z o n t a i  
pipe 
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TO ROTATE TOPWORKS a TO CHECK FOR DEFECTIVE COMPONENT IN TOPWORKS TYPICAL TRANSMITTER PIPING 

Transmitter At or Above Level of Process 
Connection 

'rhe tooworks can I)? rotatecl to an- one of 
four positions in 9 0 -  increments. Choose 
the ""-,ition which normits access to 
field terminals, room for r-mo:?al nf  ton- 
works covers, and convenient con?uit in- 
stallation. 

DIODE FOR 
OVER-VOLTAGE TERMINAL BLOCK MODULE 

AND VOLTAGF-SURGE RFI FILTERS Z E D !  

CONNECTION FOR TEST GAUGE, 
ZEROING TRANSMITTER. OR 
FOR CALIBRATING SIGNAL. 

PROTECTION A oL7i l REDI  RED^: USER 
TERMINALS 

BLUE BLUE - 
- 

PLATE 

-- .'. -. .- -. .. . ,  . . -. A.* 
S. 

-.:p- - 

.~. 

TOPWORKS 
CIRCUIT DIAGRAM 

I - 
25 R FOR 4-20 mA OUTPUT 
10 R FOR 10-50 mA OUTPUT 

TERMINAL ELECTRONICS 

C l 
p -/- 

Figure 22 

a a TO Check f o r  Defective Diode 
(In Step 2, two values of voltage and 
current are listed. The first value is 

To Check for Defective RFI Filter 
1 .  Disconnect blue and red leads at 

module. Use ohmmeter to check conti- 
nuity between input terminals and 
qround, as shown in Figure 24. 

for transmitters with 4 to 20 mA output, 
and the second value [in parentheses] in 
for transmitters with 10 to 50 mA output.) 
1. Disconnect blue and red leads at 

module. Connect test equipmpnt as 
shown in Figure 23. 

2. Slowly increase supply voltaqe. 

Milliammrter should read 0 mh until 
voltage I S  hptwren 6 5  and 72 V 
(95 an<! 105 '!). Current shoold 
then increase as voltaqe 
increases. At 75 V (115 V), 
current should he between 3 and 
11 mfi ( I l l  an<! 30 mAi. 

l. :.qwer thr l o ~ " , ~ l t  l T i i l ~ ! r n  71 +ht 
hol.1~ tnn.ior" i n  ol?cc (tl1~11 
ivlockwir~ as - , i r b , e i i  l torn a'?nv~l 
until lockinn nlatn f,lls riom re- 
r n s s  in ton -..:orkc. 

Transmitter Below Level of Process 
Connection 2. If there is continuity between 

either the positive It) terminal 
and qround. or the neqative I-) 
terminal and ground, replace hoth 
RFI filters, (Part I!OlP3CZ). 

CONNECTION FOR TEST GAUGE 
ZEROING TRANSMITTER, OR 
FOR CALIBRATING SIGNAL., ( I f  locklnq p l q t -  <l007 not f 3 l l  

.after lncknat i.; loo?rncrl, nri: "lit 
,,l.t? ,..il'. n.iltei1 '.>"l.i 

(Remove filters from field-terminal 
compartment side using a 3/16 socket 
wrench. When inserting filters, 
tighten to a torque of 0.6 to 
0.8 N-m [5 to 7 lb.in]. N O T E :  

These filters can he darnao~d with 
excessive heat: use car- when 

, . , - W . ,  

DRAIN VALVE. 
OR F I L L  VALVE 
FOR SEAL L !OUID 

3. Reduce voltaqe to 0 V. Reverse the 
polarity of leads at terminal block 
(positive [t] lead qo-s to negative 
I-] terminal. etc.). 

soldering leads.) 

3. Check continuity hetween user termi- 
nals and associated leads discon- 
nected from module in Step 1. 

INSTALLATION WIRING 

4. Very slowly increase voltaqe. This section applies only to the 
mllliampere-output transmitter: for the 
frequency-output transmitter installation 
deta~l:;, see ~nstructlon M1 020-340. 

Current should hesln to risr at 
less than 1 V. At 10 V. current 
should he between 9 and 10 m&. 

If there is not continuity between 
either the p a t i v e  ( + l  terminal 
and negative red lead ( - )  at terminal module, and or blue the lead 

at module, replace hoth RFI filters. 
5. If these conditions are not 

met, replace terminal block. Connect the supply-receiver loop wiring 
to the transmitter terminals (Figure 8). 
Polarlties are marked at the terminals. 
If  tne loop is to contain other instru- 
ments, install them in the negative lead, 
ubserving polaritles as shown. 

N O T E :  Use care when sold~ring 
terminal block leads: RP1 filters 
can he damaged with excessive 
heat. 

If the material whose prrssurr is beino 
me3.8ired mliqt not come in contact wi'h 
the transmitter, the line hetw-en th? 
tank and the transmitter can h e  fill-l? 
with a suital,le = p a l  liouid. This lin~lid 
must he h"ax'j-r t l l i ln thn o r a c s u r *  
rn?tnrial, mllst 130 imrniscii?le vith it, and  
must not react ch-mic.3lly to it. 

The lack connections (above the wiring 
terminals) are used for output test 
leaos, for the optlonal output meter 
( % L %  of Scale accuracy), or, with the 4 
to 20 mA output transmitter, for the 
optional jumper (Part DO151CC) which 
pcrmits an ada~tional 25 i t  resistance 
In the output loop. 

7 AMMETER METER 

- - 

'' \ \  0-I15 V 110-SOmA OUTPUT! 

The output at these connections is 100 to 
500 mv dc, corresponding to 0 to 100% 
output. 

U 

Figure 24 

Figure 23 
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TO IDENTIFY DEFECTIVE COMPONENT JACK COhhECT @VS F 0 9  OJTOU' TFST 
LEADS ODT O Y 4 L 0 . T P L 7  VC'ER 
30 - 0 1  ? \ A -  v o r  0 F - R  12 ~ - P P I Y  T h i s  p r o c e d u r e  ( F i a u r e  201 i s  appl icab:?  o n l y  t o  n i l l i a m p e r e - o u t p u t  

t r a n s m i t t e r s .  For f r e q u e n c y - o u t p u t  t r a n s n i t t e r s ,  spe  Instruction 
M 1  0 2 0 - 3 4 C .  POWER 

SUPPLY1 
R S E I V E R  - 

W I T H  POWER O N ,  A N D  PRESSURE CON. 
NECTIOY VENTED. IS V O L T a G E  A T  USER 
T E R M I N A L S  125-65V 14 20 rnA OUTPUT,  
@ P  3 ? 9 5 V  (1050 "A O1ITPI:TI) 

, 
n n 3  r O h A L  ' 2 &PT C O h 3 J 0 T  C3NNFCT OLI ARF 
Il:"pl'rl:h T5 P"^IV ? F 1  0 2 0 0 P 1 S  T F  Z . D f 5  P .  ,- .. P - ?  C . ' . I ~ ~ - ~ C " .  \ .  T ,  i b O  - . < ! A r  l c r . r %  - 

ISOUTPUT L O A D  WITHIN T H l l T  CHECK EXTERNAL WIRING 
SPECIFIED I Y  GRAPH I Y  F I C U q E  9 A N D  POWER I d P D L Y  
Ff7R SUPPLY VOLTAGE7 

- - - - - -  .U",, 

TO hq t i IM17E A C C U M U L A T L I N  O F  MOISTURE 
IN  TRAYSP,*ITTER. 

CASE-EARTHING EARTHING L O C A T I O ~ I  FOR 
T E R M I N A L  OPTIONAL OUTPUT MFTEW 

POWER SUPPLY TRANSMITTER EARTHING (GROUNDING) I S V O L T A G F  A T  RLUE A N D  ? E l  ADJUST SUPPLY VOLTAGE 
T F R M I N A L S O N  t L F C T R O ~ I I C S U O O U L E  A h D  OR L O A D  TO MEFT 
SAMF A S A T  U S F ~ ~  T F R ~ ~ ~ ~ J A L S '  S P E C F l C A T l O N I  I Tt l i s  s e c t i o n  covr?rs  o n l y  t h e  m i l l l a m p e r e -  ? ,  , +  C :  i -  ..,-. ~ - - - .  m ,  5 L ,,-,. j , 

o u t p u t  t r a n s m i t t e r :  t h e  power s u p p l y  t o r  ' , , c , . ,  S "  . , , , c!,,cL, i , .  ,-,< j ,  ; . r  

t i le  1 ~ P U U ~ I ~ C Y - O U ~ ~ U ~  t r a n s m i t t e r  is pa r t  n , I a .  " i rn l.,-:: : :  ,,..r..:L .. 
o! tnje b1'i:C LOO n e s t  l s c e  I n s t r u c t ~ o n  

I I D!ZCO1I3JFCTV'OLETAND GRAY L F A D S A T  
DISCONNECT E X T E R N A L I V I R I N G  ",Uil'!IL' COSI':CCT TCST EnLliPVE'!T 7 0  
A T  L , S r l  T E R 5 I I Y A L I  TH'S' LFA?C lrS51171,li IF.: i i G U ; J F  11 

The s u p p l y  v o l t a g e  l i m i t s  a t  t h e  t r a n s -  
m l t t e r  t e r m i n a l s  a r e  indicates I n  
~ i l , P l l i a l . i r  g r a p i l  i n  Pi"urc2 [J. !:o%ever, 
! .ur  a g l v c n  s u p [ i l y  v o l t a g e ,  t h e  l i m l t s  o f  
t o t  t r d n s r n l t t e r  o u t p u t  l o o p  r r s ~ s t a n c e  
a r e  s e t .  (For  ~x i i rop le ,  % i t $ ,  a 4 to 2 0  mA 
ou:put t r a n s m i t t e r ,  i f  s u p p l y  v o l t a g e  i s  
b 0  V d c ,  ~ l l o i d b l ~  10op rc?S~s tanCC 1.5 
I > U  t o  2 4 0 0  , ' . l  To o r t c r m l n r  t h e  o u t p u t  
Loop r r s l s t a n c e ,  aoo t t je  s c r i e s  r e s i s -  
t a n c e  a t  each  component i n  t h e  l o o p .  

I f  t h e  s i g n a l  c i r c u i t  m u s t  he e a r t h e d ,  ~t 
1 5  P r e f e r i i o i e  t o  e a r t h  t h c  n e g a t i v e  t e r -  
m l n a l  o t  t i e  uc  power s u p p l y .  C A U T I O N :  T O  
a'1C)ro c l r c u i a t ~ n r ?  c u r r e n t s  i n  e a r t h  
l o o p s ,  o r  t n e  p o i s l C l l l t y  o t  s h o r t -  
c l r c u i t l n g  g r o u p s  of instruments in = 
l o o p ,  t t ~ e r e  s h o u l d  o e  o n l y  one e a r t h  i n  a 
l o o p .  

CHECK FOR BROKEN\VIRE OR 
DEFFCTIVE COh4POYFNT Irl TC!* 

WiJRKS. SEE PAi lF  l 3  

The power s u p p l y  must be  c a p a b l e  of  
s u p p l y i n g  2 i  m A  ( 4  t o  2 0  mA o u t p u t )  o r  
L - r. m A  I I U  t o  50 mA o u t p u t ) .  For a d d i -  

t i o n a l  power s u p p l y  u c t a i l s ,  s e e  l a h l e  1, 
Page 7. 

I REPLACE DEFECTIVE COMPONENT. I I 

DIODE 1S"OEnf iT 'Nr i  PROPFqLY.  SEE SEF PAGE 15. 

FREOUENCV 3 0 f 5 V d c  
CO1IYTFR 
~ ~ - PJWER SUPPLY 

r- - 
'- , 

F i g u r e  21 

TEST MODULE ---. -I . 
(PART BO13RPCI 

,- - 
CONNECT LEADS I 1  mm' OR 18 AWG 
M l N  SIZE: 150m.n 168nl M A X  LEhlGTHl 
TO V I O L E T  A N D  G R A Y  T E R V I N A L S O F  
TEST MODULE.  CONTACT BETWEEN CONNECTORS 

TRANSMITER A N 3  TRAb!S'IITTFR LEADS U U S T  
8k LO','! n"CITAl;CE 



M1 020-336 
Paqe 6 

CERTIFICATION DETAILS LIN ADJ (LINEARITY ADJUSTMENT) 
POTENTIOMETER ADJUSTMENT 

M 1  020-336 
Page 11 

MAINTENANCE 

1. To maintain explosion-proof, . .  . . - . . .  , , an-proof, and NEMA 4 protection, 
unused conduit opening (cwo l,. !:P t:.,;.8.*ctions are provioed) must be 
plugged with metslllc pipe pluq w ; . l c >  enqages a minimum ot five full 
threads. 

2 .  Tnrs rnilliampere-output transmitter ma) have agency certification for 
lnstdliati,:~ rn hazardous locations or for intrinsic safety. ReFer to 
label att.Yea to transmitter for type of  certific,ation, an0 ol iserve 
applicable wirlng practices. Conditions of cprtiFicntion are listed 
:,claw. Similar details tor frec!uency-output transnllttrrs are covrred in 
Instruction M 1  010-340. 

If t k  outn lt corr-xpoa<!ino t o  a mid- The transmitter normally requires ser- 
r:<non in!ii~t i~ not ~ ? : l ? ~ ~ , : t c : - r . ,  c"-- vicing only it it cannot be calibrated, 

~ 1 - l ~  t h l c  I - t  znr l  *_hnn the cali- or if th- range is to be changed (see 
! ~ , ?  - + . . I i i O ' l  nror.=,::,r-. section below). 

an" C), Dvlimnn 1 Dual lqnt,on-nronl !or 
Ciasc 11. Grol~pz F. F ,  and G. D I ~ I F I O ~  1: 
ann Class I l l .  Dtvs:on ; S~i: lanln :Ir U Z P  I 

C a r c  11.  Craua.; E. F an0  iG D : v ~ l o n  1 

C .  snil D. Dtvi8on 1, a r o  Clacc '1, Groups 
F ,  F .  avd G. i' :'-on : 

3. with calihratino Pressure at mid- 
r a n o n  v ? l ~ e ,  noto output on volt- 
T - t - r  ( " R "  in formula in Sten <! .  

I0 
10 
50 

4. Tn Fiaure 1R. locate snsn in annli- 
~ ~ , - . . .. , . 

c u r u n ,  2nd not* correcnonriino 
7 i l i i  f a r r n r  ("h!?' in 
F P L ~ T I ! ! ~  in S t - n  5 1 .  

R ~ S F ~ F , :  

LClE 

CSA 

FM 

LClE 

5. Use followinq formula to calculat~ 
1 . I N  ADJ voltaqe 

voltage = (RI - b~ - 6.000l IMF)] 

I . . . . ~ ~ , ~ ; ~  . . ,re  6,. G . ~ , ; ~ :  v? ',u 11,. 
7 o . , ~  1 a, z,.~,,, p 

F l a m ~ ~ r ~ ~ l  comriwd W , ' ?  Q i i n i  C r z f p ' ~  
EEXU , . I  IIC n5.c 

Ex~os io?~oror '  1 1 '  C?FC l ,  (;'ml9i R, C ,  
a-..! r n,,s>c,on 1 D,,c'.cn,llon >'m?' I", 

CI?+s II Grouns E,  r. 2ntl  G @ v . o o l  l 
anrl Class I l l .  D~vlsinn 1 Sulah l?  !or use in 
Clacr I ,  Group? 4. R. C, and C;. Dii, s o n  2 

Explo~~on-pro01 tor C'ass  I Graunc R C 
a.,: [ i  C!vtcton ' Due' o l ! t o n c $ m !  10. 
C i c i  I i ,  G.ql;ps E, F, ,??c! ,C7. D . c ~ n  1 

' J - n ~ c e n o  VP re*$1ve 'or C a r s  l ,  Grot~os 
A 9 C anr! D Cl'vsion 7 and Class 11.  
G r c u 3 ~  i and G D i r : c n  2 

F:.ITTI.OIOC: ccm-1-6 W ' -  ,n,r#nz,c s a l r ! ~ .  
EFYC 2 i  IlC L5'C 

See example below. 

SPEC :'->C. ,110 a96  I J IM inn.11 inlnpo 
w n l r  

i il:hn-  IF-^ I ?  r ~ n ~ i i i ~ f ~ c - r ~ , ! n i l  ~ Y S ~  

la,-,~. S., rrrlinc:rl.7 w8!il r p r ~  :,nr,, 
I r O  and Uf'hl rnrnnonon'< 

7 For Z"n0 n .>nrlirrt'nni: uie SOlaled in. 
DII: car07 on:" 

- 

- 

6. Turn [.IN ADJ screw counterclockwise 
until voltmeter rearss calculatn~ 
value. 

8 .  ~ p p l y  calibratinq pressure equal to 
Lower range value. If output is not 
2.UUO V, nojust ZERO screw to get 
correct value. 

If ZERO screw required adjustment, 
repeat Step 7. 

9. Adiust calibrating pressure to mid- 
range value. Output should be 
6.000 V. If output is not satis- 
tactory, repeat tnis entire pro- 
ceaure. 

10. Repeat calibration procedure. 

If the transmitter cannot be calibrated, 
check tor a oefective component (Page 12). 

TRANSMITTER DISASSEMBLY 

The alsassembly of the transmitter is 
usually Llmlted to that shown below. The 
electronics module and the sensor 
assembly are the only parts that may re- 
quire replacement in normal operation. 

The process gasket should be replaced 
each time the transmitter body is opened. 

ELECTRONIC< 
- . MODULE 

, 
I I) 1 ..]*, \ 

SENSOR 
. . .~ ASSEMBLY 

EXAMPLE: Transmitter sensor. medium range 
RanqP 25 to 100 psi rspnn = 71 psi) 
MF lralue from g r a p h ,  R. 5 
Cutput at mid-scal- input, 6.011 V 

LIN ADJ voltage = (6.011! - [(6.011 - 6.0001 (8.5)] 
= 5.918 V 

TO CHANGE RANGE 

The transmitter can be calibrated to any 
range within the limits o f  the particular 
sensor installed in the transmitter [see 
sensor measurement limits and sensor 
identification (Page 2 )  1 .  

E the desired ranqe is olltside the sGn- 
sor limits, but within the limits of one 
of the other available sensors, install 
this new sensor (Page 14). Recalibrate 
thc transmitter to the new ranqe ( ? a l e  8 
r O C  milliampere-output transmitter. or 
Instruction M 1  020-340 for rrequency- 
output transmitter). 

Alter the data plate to indicate the new 
conditions. 



CALIBRATION PROCEDURE 

Tie o u t p u t s  s p e c i f i ~ d  in t h i s  procedure 
( a n d  in the "L!N AD: Potentlnmotrr 
A*:ustrnent" procedure o n  Pane 11) assump 
:\at tr,? ber,ch calihration i s  used. -5eaa 
o u t p u t s  a r e  ? . o n o ,  6 . ~ 0 0 ,  a n 6  l r . ~ n o  '!, 
c o r r e s p o n f l l n q  t o  input.< of C, ir,, a n d  
: C C %  of sca l e .  

I f  the f i e l d  calibration is u s e d ,  soh -  
~ t i t u t e   output^ of i O O . 0 ,  j 0 0 . C .  and  
5 0 0 . 0  mV respectively. 

P L U G S  
A~ .~~ 

-. ~ A - .: 

OPERATION 
/-- - . ~ 

. . 4.7' .. 
OUTPUT 
LOO" - l . .  , . , . . .  . . ".-l ,:,. 

l ! .  - v ' \ .  . : 4 1 " - !  : 1 .+..,, " r n . p  :--,:L 

. T ~ . ! C T I I > ! , . T .  - : .  I ! , >  

. , . . . I ? . . ~  c - , . . o r  :., 

"'"F 0-  
,-c<<:, . ... T f  ouc"uc  is s ~ t i s f a c t o r ~  ( S P P  

r a h l r  ! h n l r l w l ,  calil.r,3tiol i~ C O T -  

plntn. l C  oulpuL i s  not c a f ~ s -  
' acl-or? ,  ro-nr:fr-, "11 ' :  fi11.1 

? o t r i t i n r r n ! : ~ i -  ; . r i l a - !  , n r , n + "  p r c -  
1 n n.,nn : i .  

DAMPING ADJUSTMENT 

. - - i , .  . . ; r.r 

SUPPRESSED AND ELEVATED ZERO APPLICATIONS 

. , ! ,. .. -:~.* j i l r ; i  n-, "11. Z F n r  ~. 
i . - < + - l  I , , . ? -  h. ,c-', .- : , , r , r<-c ," , \ ,  . .  .~ . 

211 711 40 
30 :, i ?n 

ii 173 2 . r1  ?i, 1 L F 1  F"? 'a ZERO ADJUSTMENT 

* . L ' "  ~ •. ~ ~ . ~. . , , l i ! i  r 5  -:." .!CP..r.' . . .  . , , ~ * L r .  ~ *;l ~. - 
, _ _ -  , , .'i'.r- - . ' - C . . . 7  . ,  . .  L . ' .  ,ern >^. 

, " L  -r,... . 



M 1  0 2 0 - 3 3 6  
Page R 

M 1  0 2 0 - 3 3 6  
P a q e  9 

P o r m u l a  T o  C i l c r l l a t o  n!! ( l u r p u t  F o r  An" Innut.  

?%"' o!, t t = r 4  Q" ) + l ,, 
FXI$MPI.E: T r a n c m i t t r r  r a n o n ,  4 n o  t o  6 n n  D<; 

'Pr=t O ~ I I O P  r n a r ? i q o ,  .5Zc, 77-.i 

Or iFou t  = i 4 0 0 )  ) + ron  = i r o  .v 

- 

CALIBRATION 
CALIBRATION NOTES 

1. T h i s  s e c t i n n  c o v p r f i  r n i l l i i m n p r e -  
o l i t p ~ l t  t r a l C m i t F ~ r r  r > n l y .  r c?! i -  
i > r a t i o n  n: f r ~ o u n n . ; . , . r - o o t n , , t  t r a n - -  
m i t t e r s ,  sac i n r t ? u c + i o n  YI n?n-(dC!. 

SPAN JUMPER POSITIONS 
(COARSE SPAN ADJUSTMENT) 

I ?  ?!:,A on? !  >tile-ir:jil?tnnlt c n m n a r t m f n t  
o f  t h e  tnnworkr. ~ - t  tiw- cn,,r.-,n ~ n a n  i h i r  

J n s e r ~ t i n n  t ! ~  s n ? ~  7 , l r n ~ n r  i n t n  t i ~ ?  3 n n ! i -  
c - i ' l ! ~  n o , i t i n n  -I- - n n c i ' i n i i  i n  F i a l i r r .  l ; , .  
T h n n  c s l l h r a t c  t h e  t t ~ a n - m i t t r r  t o  t h n  
c l r , s l  c-,! r ? n o a .  

CALIBRATION PIPING 

Air Pressure calibration Signal 

PRESSURE 
. . 

i u c n n r -  ri.. r - r l l i r e  t - " ! , n ~ . i + i o n i q ~  "he  x n , l r  c n r r e c n o n d i n o  t o  lumnnr PO-i-  
r i r  i o r  to ~ v n c a ! i t i r a t i o n  ( l ' l q l ~ r n  !;!l . t j o n s  .,r,. annrovim.?v:n .  l f  P C . " + - = ~ . ? F . " , ,  U:,,- 

i n o k h - r  r u v p n r  ? - - i t  i nn  : F + r ? n < -  
7. Accllr?r':  o f  c?! ; ! ? l - ? t i o l  n n ; ! i r - * , ~ n t  m i t t r r  ~ ? n n o t  h r .  ~ ? l i h : l b n ( i  t n  !ho GIP- 

5ho l l l< !  l ie 2 m ~ n i r n u m  o r  t I . , r r ~  t l m n c  3 =?in. 
l  3crilr"C.; 0' + T' 
nri . , c=; ,r , . ,  *PP!.. Cn!.!-oCki,,- r.7c+,,r" 
f o r  r l l c f ~  o u t ~ r n . 3 1  i n f l i n n c - r  7 s  

Tncrn,aca n r ~ s - u r n  w i t h  r r a n k  u n t i l  n r ~ s -  
skire q i l n n o r t s  ?n s r r ? l r a t . ~ l v - $ " o w n  w n i a i : t .  
' s l c ) ~ r ? r e  t0-t n.3:i;on -?u h- ocer! s . > i k ) ?  
h v d r , ~ ! l l l c  c~.lmn i.1 r i n i l a r  r - t  I I I , .  

CALIBRATION WIRING 

Field Calibration 

MFNT REOUIREDUNLESS 
MODULE I S  RFPI.ACFD L I F T  ACCESS COVER TO 
S r i  PAGE 14. EXPOSE JllMPER POSITIONS. 

!,ock i n  d c - i r e d  n r e = - ) l r o  o r  v?c : l ' l v  . . ? i t *  
, , , l . ,o  1 .  ? - ? ~ ~ c e  h" ! i?eeCi i ln  a t  ( P ) .  

Hydraulic Pressure Calibrating Slgnal 

\ 
JUMPER 
POSITION 

N iNARROWl 
$A  IMFDIUMI 
!'l IMIDE,  

WEIGHTS 

U DEAD 

'Vhc F i o l r i  r ? l  i 1 ; r t i o n  d o e s  n o t  r n n u i r c  
rnmo,;.ql n f  : h e  o x t n r n ; !  w ~ r i n o .  C - l i -  
' - , . i t i n q  = i o n . . - ! c  9: n t o  l o o .  o f  r . > n o s  
nto.l : lcr  n r o r o r t i o n a l  1lll1.il t o  700.0 m" 
i > i ~ t p u t  r ~ a - ? l n n . ;  o n  t h e  s.olt i"-t . -r .  

SPAN< 
C o n n e c t  :ol t ~ m n t n r  t o  o n t p l l t  t n s t  c o n n n c -  
t lo?; i n  f i ~ l d - * , c r v l n ? l  c n - n a l - t - ~ l l t  i n  
rnn, , . :nr; .<.  I ? * "  r i n , , r n  ! C \ .  

MP8 

007 t o  009 
009 t o  0 18 
018 to 0 3 5  

VOLTMETER 

BANANA 

- \~~ i -\,' 

Bench Calibration 

mm 

10 ro 135 
1 3 5  to 26 
26 ro 5O 

T h -  h a n c h  c a l i i ~ r a t i n n  r - "~ t i rc -s  3 vo,.,-r 
s u n n l v  .ancl a o r o c i s i o n  r n r i a t o r ,  9 .  

s n - c i f i e d  i n  P i o i l r e  1 6 .  C a ! i h r * r i n o  
" , r n n a i =  o i  0  t o  i n n ;  p..~,:cr 

! , r n n o r t i o n ; ? l  2.PnO F ~ r i  l 0 . 1 1 " ~  V W!'.?'>- 

r e ? , i ~ n a -  nn t h n  v o l t - n t n r .  

LOW RANGE SENSOR 

,. . .onnnc:  t h e  oniw-? c i : n n l ' , ,  ' ~ o ' . + - ~ k n r ,  -i-ii 

or.ci . inn ro.i.:or t p  ? " C  r r , , , r . ' . i t - P :  
~ n n u t  t e r m i n a l 5  ~n t h e  f i e l d - i n : - l n l l  
con,P,,rt,"~"t 0' t!!" toP!.;or". Ol.,.:o!-... 
! 7 o ! - r i t v .  

MP* 

020 to 028 
028 to 055 
055 to 1 0  

Chnck  t h a t  t h ~  l o o p  r ? s i ? ? . ? l c a  i s  w i - ' i ?  
t b o  o p ~ r a t i n g  arm? 601- t h e  oox,nr  p :>nnl i i  
v o l t 7 q ~ ;  a n o l i c a h l ~  a r a p i t  i n  ! ' ' i n ~ r n  9 

MEDIUM RANGE SENSOR 

VOLTMETER 
POWER 
SUPPLY 

HIGH RANGE SENSOR 

mi 

30 to 40 
40 to 80 
H0 to 150 

PRECISION 
RESISTOR 

MPa 

0 8  to 1 1  
1 1 10 255 
7 5 5  ro 4 7  

SPAN = UPPER RANGE VALUE - LOWER RANGE VALUE 

F l q u r e  l ?  

m1 

170 fo 180 
160 10 370 
370 CO 602 

PART 
NUMBER 

OUTPUT 
SIGNAL 

4 io  70 mA I 5W !? 1 50 01":. W. I E02867M 

RESISTOR 



Dimensional Print 020.336 
AUGUST 1%": 

821GM ELECTRONIC GA 'GE PRESSURE TRt,NSWTTER 

ROTATED 270° IN 
90° INCREMENTS 

CONDUIT CONNECTION 
TAPPED FOR I f2  NPT 
BOTH SIDES. PLUG 
UNUSED CONNECTION 

MOUNTING HOLES (a. 

VERTICAL OR HORIZONTAL 
DN M OR 2 in PIPE 
(SUPPLIED BY USER) 

HORIZONTAL 

'i EARTH (GRGUN?] 

TERMINAL BLOCK 

NOTE: 

VERTICAL CONDUIT.(SUI'PLIED BY USER). USED TO AVOID ACCU- 
MULA ION OF MOISTURE IN TERMINAL BLOCK ENCLOSURE. 

CUSTOMER I.R. . . " I " IC I * . IOLCI IO*  

CUSTOMER ORDER FOXEOROORDER 
ITEM-TAG 

- @ 

CERTIFIED BY - r):,TE 

kOXZ30~d - 



009-1 15 
March 1984 

821GM 
GAUGE PRESSURE TRANSMITTER 

Style A 

Model Code 

821GM = Gauge Pressure Transmitter 

Output Slgnal 
-I = 4 to 20 mA dc 

-H = 10 to 50 mA dc 
-F = Frequency with SPEC 200 Input Component 

Body (Flange) Materlal 
K = Cadmium-plated carbon steel 
S = 316 ss 
C = Hastelloy C 
M = Monel 

Sensor Wetted Parts Materlal 
1 N = Cobalt-nickel-chrome alloy (standard) 
I S  = 316 ss 
1C = Hastelloy C 
1M = Monel 

Span Llmits 
L = b.07 and 0.35 MPa, 10 and 50 psi, or 0.7 and 3.5 bar or kgkm' 

M = 0.21 and 1.05 MPa, 30 and 150 psi, or 2.1 and 10.5 bar or kglcm2 
H = 0.84 and 4.2 MPa, 120 and 600 psi, or 6.4 and 42 bar or kglcm' 

Process Connection 
1 = Tapped for 114 NPT 
2 = Tamed for 112 NPT 
3 = ~ a p p e d  for R 114 
4 = Tapped for R 112 
5 = Machined for 9116.18 Amlnco fitting 

Optional Features 
-A = Indicator with a 0 to 100% uniform scale 
-C = Indicator with scale per sales order 
-Y = Delete mounting bracket 

Q1984 by The Foxboro Company @~egirtered Trademark 
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Parts are illustrated on Page 2 

ltem Part No. Dty. -- - 
1 1 

2 X0114AT 1 
3 - l 

5 B0138OU 2 
6 Below 1 

Pert Name 

112 NPT Plug (customer supplied), 
see note l 

Lubriplate Lubricant. 0.45 kg ( l  lbl 
Housing Assembly (see p 4) 

Indicator Assembly (optional) 
0 to 1W percent, uniform (Code -AI 

'Gaskel 
Cover ASSY. 

(used with optional indicator1 
Standard 
LClE 

Cover (standard) 
Nameplate (blank) 

9 X0161CT B Screw. Tapping 
10 B0125WO 1 Address Plate (U.S. Issue) 
11 N0139FR 1 Tie WraD 
12 - 1 ' ~ ~ d u 1 e ' ~ s s e m b l y  (see p 5) 
13 W48130 1 Lubricant. Silicone. 150 kg (5.3 02) 
14 Below 4 Nut. 0.37516 (see notes 2. 3. and 4) 

X01 70ZM Cadmium plated carbon steel 
(standard) 

X0171AX 17-4 PH stainless steel 
XOl7lWO Cadmium plated carbon steel 

ASTM A-194 grade 2M 
15 - 1 Sensor Assemblv fsee D 5) 
16 Below 1 'Gasket, glass-filied ptfk ' 

B0139RB standard 
B0139YX cleaned for oxygen and 

chlorine service 

Item Part No. Oty. Part Name -- - 
17 - 1 Flange Connector (see below) 
18 b l o w  4 Screw, Hex H.. 0.37416 x 2 . W  

(see notes 2. 3 and 4) 
X0170ZL Cadmium ~ l a t e d  carbon steel 

(SiandardJ 
XOl7lAY 17-4 PH stainless steel 
X0171WP Cadmium plated carbon steel 

ASTM A.193 grade B7M 
19 B0138OT 1 Nut. M22X1.5 
20 B0139DP 1 Restraining Pad 
21 E012IAE 1 0-Ring (included in ltem 15) 

23 P0120NP 1 Mounting Set 
- W11962 2 Nut. 0.312-18 
- N0141ZW 1 Bracket 

Below 
X01 16FB 
W120RN 

25 - 
26 Below 

DO135SC 
D0135FC 

27 Below 
A2W3nV 
A2003ZY 

28 D0135HT 

U.Eolt 
SCrSw. Hex H.. 0.43720 x 0.625 

Plated steel (standard) 
Stainless steel 

Plug-in Shortlng Bar, to permit an 
additional 25 ohm in output load 
capabiilty. 4 to 20 mA (optional) 

Certification Plate 
Cover 

Frequency Outputs 
mA 0utp"ts 

Screw. Pan H.. 0.112.40 
0.250 in long (Frequency Outputs) 
0.375 in long (mA Outputs) 

Zero Cover (mA Outputs only) 

Note 1: Tomaintain explosion-proof and dust ignltion.proof protection you must plug unused conduit opening wlth a metallic pipe plug whlch 
engages a minimum of five full threads. 

Note 2: For replacement of Flange Conneclor nuts and screws use only those Foxboro part numbers listed. 

Note3: "Standard" plated steel screws and nuts and optional 17-4 PH stainless steel screws and nuts are nan.process wetted and are only suit. 
able for Class Ill bolting requirements of NACE Standard MRQ1.75. 

Note4: Optional B7M screwsand 2M nuts are non-process wetted and are suitable for Class I1 bolting requirementsaf NACESlandard MR01-75. 

Flange Connector 
(Item 17, Above) 

17-4 PH is a trademark of Armco Steel Coroaration. 
Haslel oy C i s  a tlademalk of the Slel .le D#vls#on oi the Caboi Corpalatron 
L~Dllplale 19 a traoemarK 01 Luor!plale D#vts.an of Flshe Brothers Retmlng Company 
Monel is a traaemarh of  Huntlngton Alloys Incorporatea 

*Star indicates metallic process wetted material conformlng to NACE Standard MRQ1.75 

'Parts preceded by asterisks are those most commonly replaced 
GIVE INSTRUMENT MODEL NUMBER AND REFERENCE NUMBER WHEN ORDERING PARTS 
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Housing Assembly 

Fig. E1945B 

ltem Part No. Oty, -- - 

1 Below 1 
B0138UB 
B0138VV 

2 Below 7 
B0138WH 
B0138QH 

Pert Name 

Housina Assemblv 
10 to50 mA (.Hi 
4 10 20 mA (-1) and Frequency (.F) 
4 to 20 mA (-I, PTB) and 

Frequency (-F. PTB) 
4 to 20 (.l. LClEl 
l 0  to M (.H. LCIE) 

Housing 
Standard (used in D0135KZ, B0138UA) 
PTB fused In BO11RV\M --, LcIE'~~;~~ i n k 1 4 0 ~ ~ ,  ~ 0 1 4 0 ~ s )  

Terminal Block Assembly 
10 to50 mA(used in D0135KZ, B0140LS) 
4 to 20 mA. Frequency (used In 

B0138UA. BO14OLR. B0138VWl 
Screw. Tapping 
Screw. Pan H., 0.164-32 x 0.500 

ltem Part No. Oly. Part Name -- -. 

- X0170BS - Sealant ;ymSyling 
- XOl7OBT - Primer 
8 B0138UW 1 Wiring Harness 
9 0049805 1 Clamp 
10 X0170FR 7 Screw. Tapping 
12 X0171TS 1 Set Screw 

13 B0138XW 1 Bushing 
14 B0138VQ 1 Stud 
15 B0138uV I Tag 
l 6  B0138VR 1 Clamp 
17 X0143NB 1 Lockwasher 
18 X0142KB 1 Screw 

with Lockwasher 
5 B0138YS 1 Clamp 
6 B0138YR 1 Stud, Earth (Ground) 
7 H0183CZ 2 Filter. RFI 

ltem Pan No. -- 
l B0139CR 
2 XOl7OWF 

LCIE Cover Lock 

Oty. Part Name - 
2 Standoff 
2 Lockwasher 

2 Screw 
2 Cover L O C ~  ] T i c a t o r  

1 Screw 

l Screw 

Fig E2429 
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Module Assembly 

I output Signal I 

Fig. E2330A 

Item Pan No. -- 
l B013ELY 
2 Below 

D0135MS 
B0138VN 

3 Below 
X0166BZ 
XOl7OQV 

4 BOl3BZY 
5 B0138RT 

Code .H 
l 0  to 50 mA 

Qty. Pen Name - 
2.4 'Jumper 
l Cover 

Hinged (used In D0135PY. 
Rigld (used in D0135W - Screw 

3 used in D0135PY, 00135PZ 
2 used In D0135PW 
2 Captive Screw 
4 Screw 

Code .I (LCIE) 
41020mA 

NOTE: Module Pan B0140EX tor frequency output does not have 
front Cover, ltem 2. Or Screws, ltem 3. 

Code .H (LCIE) 
10 to 50 mA 

Sensor Assembly 
(Item 15, Page 3) 

Code .I 
4 t o m m A  

Code .I (PTB) 
4 lo20 rnA  

D0135PZ 

Code .F 
Frequency 

W135PW 

Wetted 
Meterlela 

D0135XB 8014QEX 

Code 

Sensor 
Flll Fluid 

W135PY 

Span Llmits 

D0135NB I D0135NF I D0135NK I Monel I silicone I 

W135XA 

Low (L) 
0.07 and 0.35 MPa 
10 and 50 psi 
0.7 and 3.5 bar or kolcm* - I I I 

.H 
or 

*Star indicates metallic process materials conforming to NACE Standard MR01-75. 

Medium (M) 
0.21 and 1.05 MPa 
30 and 150 psi 
2.1 and 10.5 bar or kglcm' 

1N D0135PAa 

.F ls W135PD 
I C  W135PG 
1M D0135PK 

.H m D0139LAa 

or 2s D0139LD 

.I 2C D0139LG 
2M W139U 

2N W135XNi~ 

-F 25 D0135XR 
2C D0135XU 
ZM D0135XX 

High (HI 
0.84 and 4.2 MPa 
120 and €00 psi 
8.4 and 42 bar or kakm' 

lN 
I S  
1C 

dote: Fluorinert.filled sensors listed above are not precleaned for oxygen or chlorine service. When ordering these sensors, clearly state on the 
purchase order whether cleaning is required and indicate the type of  servlce (oxygen or chlorine). 

W135PBa 
D0135PE 
D0135PH 
DO135PL 

D0139LB* 
00139LE 
D0139LH 
D0139LK 

W135XP* 
D0135XS 
DO135XV 
D0135XY 

D0135GW* 
D0135NA 
D0135NC 

D0135PC* 
D0135PF 
D0135PJ 
D0135PM 

D0139LC* 
W139LF 
D0139U 
D0139LL 

W135XQ* 
D0135XT 
D0135XW 
D0135XZ 

D0135NDa 
D0135NE 
D0135NG 

coball-nickel 
316 SS 

Hastelloy C 
Monel 

cobalt-nickel 
316 ss 

Hastelloy C 
Monel 

cobalt-nickel 
316 ss 

Haslelloy C 
Monel 

D0135NHa 
D0135NJ 
D0135NL 

silicone 
silicone 
silicone 
silicone 

Fluorinert 
Fluorinert 
Fluorinert 
Fluorinen 

Fluorinen 
Fluorinert 
Fluorinen 
Fluorinert 

cobalt-nickel 
316 ss 

Hastelloy C 

silicone 
silicone 
silicone 
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Options 

Metric Conduit Connector 

Part N7141DX -Connector(MZO x 1.57H) 

Hawka Cable Gland 

Part N7141HX-Gland 

Ermeto Connectors 

114 NPTX6 mmTublng 

U7002AS 316 ss 
U7002AT Cad. PI. cs 

112NPTX 12 mmTubing 

U7002AP 31695 
U7W2AR Cad. PI. CS 

Steam Tracing Kit 

2.Stud 

Pc~nled an England 

PG.ll Trumpst Connections 

N7000AA -Trumpet CaseConnection 
N7141KR -Connector 
Bolh Required 

PG.13.5 Trumpet Connection 
~ 7 1 4 1 ~ ~  -Connector 
~ 7 1 4 1 ~ ~  - C O ~ ~ ~ C ~ O I  
Both Required 

Maintains Process Temperature 
to 120°C (250'0 

D0135MV 



Air Weight 

Btu 

Capacitance 

Composition 

Ir~tliccl/,iirg, /<ecor-tlirtg:.: C o i 1 1 r o ~ i . i n g .  . . Compression 

'i Concentration, Solution 
Conductivity, Solution 

Consistency 

Current - a-c, d-c 

Density 

Dew Point 

Displacement 

Drag 

Flow 

Force 

Gas Analysis 

Humidity 

Interface 

Ion Selection 

Liquid Analysis 

Liquid Level 

Load 

Moisture Content 

Motion 

Motor Load 

Operation, Schedule 

Operation, Time 

oxidation-Reduction Potential 

pH 
Position 

Power, Electric 

Pressure 

Resistance. Electric 

Sheet Moisture 

Sheet Weight 

Specific Gravity 

Speed 

Slrain 

Stress 
Temperature 

Tension 

Thrust 

Torque 

vacuum 

Viscosity 

voltage 

Weight 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based 
systems that control entire plants. Industries sewed are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and stan-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue, Foxboro, 
Massachusetts, U.S.A. 02035, Phone: 617 543-8750. 

Printed in England @Registered Trademark 





Redhill Surrey England 
RH1 2HL 

Foxboro YsxaIB 
A Division of Foxboro Great Britain Limited 

Tel: Redhlll (0737) 65000 
Telex: 892852 
Telegram: Yoxbri Redhtll 

Guarantee 
The Company undertakes t o  replace free of 
charge any component of its own manufacture 
(which excludes electronic tubes) which, in 
the opinion of the Company, is not within the 
specified limit of calibration or is defective in 
material or workmanship under normal or 
proper use, provided that the same is returned 
at the customer's risk and expense t o  the 
Company's works within twelve months from 
the date of the despatch by the Company of the 
equipment to the customer. 
All representations, conditions, guarantees and 
warranties bv law or otherwise howsoever 

equipment or apparatus, the Company shall not h- 

be liable for any loss, damage, injury, delay 
or expense or consequential loss or damage r 
howsoever arising from or in respect of the . .- 
eauipment or apparatus or the use thereof. 

Pyrometer Thermocouples, Resistance Thermo- 
meter Bulbs, and Protection Tubes, on account 
of the severity of their usage, are not subject t o  
replacement unless returned unused. 

The Company shall not be liable for loss, da- 
mage, detention or delay caused by fire, strike, 
civil. or militarv authoritv. insurrection or riot. or 

expressed or implied are hereby excluded to the for bther cause beyond'its reasonable cont'rol. 
intent. except as above provided, after delivery Acceptance of apparatus bv the Purchaser shall 
t o  and acceptance by'the customer of any 

Service 
The Company is anxious to be of every possible 
assistance to you, to ensure your continued 
satisfaction. A ful ly qualified Service 
Engineer will call promptly if the need arises. 
Arrangements for this service in  the British 
lsles should be made wi th  the Company at 
Redhill. In other parts of the World arrange- 
ments should be made through the nearest 
Representative and/or Factory listed at the end 
of this book. 
A unique feature of Foxboro service - of 
particular interest to Companies which do not 
have Instrument Departments or enough 
qualified Staff to carry out regular inspection 
and maintenance - is the Service Contract. 
Under this arrangement, a Foxboro Service 
Engineer will call at stated intervals to check the 
condition and operation of all Foxboro Instru- 
ments in vour Plant. The Service Contract is 
also used by Companies for the routine inspec- 
tion and maintenance of highly technical 
instrumentation which requires specialised 
knowledge and experience. 
The Company provides an expertly staffed 
and fully equipped Training Centre at Redhill 

constitute a waiver of all ciaims for delay. 

Parts t 
Parts Lists for Foxboro Instruments may be 
obtained by writing to the above address. It 
is strongly urged that only genulne Foxboro 
parts be used. Always give the serial number 
from the instrument data plate when 
requesting parts lists or ordering parts. 
(Those unfamiliar with Foxboro Instruments, or 
lacking the proper tools and equipment, 
should not  be permitted t o  undertake any 
major service work.) 

Replacement 
The Company has considerable knowledge 
and experience in regard t o  the economic 
life of Foxboro instrument equipment and will 
give advice on the desirability or otherwise, of 
f i t t ing new parts into the older models. 
Improvements in design, materials, or methods 
sometimes make it more economic t o  replace 
rather than repair an instrument which has 
been in service for a long period of time. 

devoted t o  the  instruction of customers' 
Instrumentation Engineers and Service Men. 
The courses cover: theory of operation 
maintenance and application of the principal Charts I..- 
types o f  instruments. Applications f rom 
Companies in the British Isles should be made To obtain the most accurate and consistent 
to Redhill, Surrey; from those in other parts of recording performance from our instruments, 
the world, t o  our nearest Representative as we strongly recommend the use of genuine 

/ 
' .- 

listed at the end of this book. Foxboro strip and circular charts. 



GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

FORM 8062 (1183) @~egistered Trademark 



TO REPLACE ELECTRONICS MODULE 

1. ? d r n  o f f  v o w e r .  k i m n v e  t c o w o r k s  

C i n c o n n e c t  t h e  seven  w i r e s  f r o m  
t e r m i n a l s .  N o t e  !-@W p a i r s  a r e  p o s i -  
t l o n e ?  i n  otoo. . ;a o r  si?e cf ~ o r ; + l ~ .  

2 .  L o o s e n  t h e  t w o  c a p t i v e  s c r e w s  
( F i q u r e  271 t l a t  . o l d  m o d u l e  t o  
h u u s i n q .  L i f t  n u t  m o d u l e .  C u t  t i e -  
w r a p  t n a t  h q l d s  ri.:- w i r e s  to re,?r 
o f  c l e c t e o n i c s  mo*u!e. 

4 .  P o s i t i o n  tk,e :L-:e-w:ee ,?$ren:.l:r 
secureiy i n  l e f t  g r o o v c  a i  r o d u l e ,  
! : a s t e r :  tt,ese r,;rcs t o  r t ~ . $ c  
mnk:?ile w l i : ?  a r rew t l r -wrap.  

5 .  ? n s l t l o n  t i p - w r a p  iba:  is a t t a c h e d  
To V l o l e t  ant g r a y  v l r e . 5  0 e t : i n d  
p l a r e  o n  r e J r  o f  ~ o t l u l e ,  a " , :  ? p s i -  
- .  . .  t i . r :se v l r e s  I:! q r o a v e  or 
m o o u l e .  C o n n e c t  w i r e s  t o  t e r m i n a l s .  

6 .  Position m o n u l e  i n  houslng. T i g h t e n  
c a p t l v r  s c r e w s ,  m a k i n g  s u r e  t h a t  n o  
u l : c s  i i i l  !;P C I I ~ ~ ~ C C .  

3 .  C n n n ~ c t  a l l  h u t  ~ r a v  anrl  v i o l e t  
vircs t o  new m o d u l e .  N o r ?  c n l n r  
i < : n r t i f i c a k , n - F  1. t e r ~ i n a 1 . q .  

1 020-339 1 

a a Instruction E C ~ ~ L ~ ' ,  l o Q -  

-. 

821 AL SERIES 
ABSOLUTE PRESSURE TRANSMITTER 

.1 . 
INTRODUCTION 

F i g u r e  l 

SUPPLEMENTAL INSTRUCTIONS 

m a This i r s t r u c t i o c  c o v e r s  t h e  n i l l i a n p ~ r e -  
o u t p u t  t r a n s m i t t e r ,  ancl u n l e s s  o t h e r w i s e  
n o t ? ? ,  a l s o  c n v ~ r s  t h e  f r e q u e n c y - o c t p u t  
t r a n s m i t t e r .  S a n e  t o p i c s  c o n t a i n  m a t e r i a l  
t h a t  o c l y  a p p l y  to  t h e  m i l l i a m p e r e -  
c u t p u t  t r a ? . r r i t t e r .  : r f i , r r n t i n n  i n  t h e s e  
t o p i c s  f o r  t h e  f r e o u p n c y - o u t p u t  t r a n s -  
~ i ' t r r  i s  r o v e r e d  i n  I n s t r u c t i o n  
PT 0 7 0 - 7 L O .  

I For a r l e t a i l e ?  p r i r c i p l e  o f  o p e r n + i c r  of 
t h o  L r a n s m i t t e r ,  see T e c h n i c a l  T n f o r n -  
a t i o r  -1 27-76t -  ( r r x l l i n ~ p e r e  o u t p u t l ,  o r  
T I  3 7 - 7 5 c  ( f r e q u e n c y  o u t y u t  i .  

* . 
Fcr d e t a i : ~ "  infnrnatinr er i n r e r n a c i n r n l  
c o r ? r s  nnrl s a f e t y  s t a n r l s r < ! s ,  ICP - ~ c P , n i c a I  
:r:rrr<?!:r, 7 :  n n 5 - : ' C .  r k t : n : r n t l e  frcr 

F O X ~ O T P .  

T h e  o ~ i t p l j t  nf t h e  Itressure sensiTr i s  ;1 

:rr ,qu",cl .  l .  i n  t i le mi ; l i i~n ! , e r r : -  
i.t:+,pu: t r a : , s r i r  t e r ,  t h r  r e  s i q n i .  l  
i' c ! :  W l t ! l , , ,  t~!," t r ; , , , s n i  t t r r ,  t C  
a i r i i l l a c ! . - r e  l .  i n  t l i e  frooiit 'r.:y- 
I~II'PUI t r l : , ~ m i t t c r ,  thc! ~ T P ~ U C I I C ) .  : ; : q n a l  
i s  t - l  t o  n SI'I'C 2l~,(,.i!,~>,,t c-7- 
p o n e n t ,  w!,t?rc t h e  i r e : ( u e n c y  s:.?:lal i s  
c o n v e r t p d  t o  a O to  l 1' l  51~17711. 

- 

CONTENTS. . . 
I n t r o d u c t i o n  . . . . . . . . . . l 

I n c t a l l a t i o n  . . . . . . . . . . 3 

O ~ c r a t i o n  . . . . . . . . . . . . 7 

C a l i b r a t i o n  . . . . . . . . . . . 8 

> < a i n t e n a n c p  . , . . . . . . . . . 11 
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STANDARD SPECIFICATIONS 

Measurement  L i m i t s :  -- 

' L i ~ i t n  l i s t " , !  a r e  o v e r a l l  l i m i t s  f o r  each s e n s o r .  nctun! v a l u e s  
6 e p e n d  o n  p o s i t i o n  o f   spa^ jumper :  ne- I'non 0 .  

Maximum O v e r r a n g P :  ~~ l MPa ( 8 0 0 0  rnmllg, 
i i i 6  i i z l a ]  

SFRSCR 
PANCI.. 

1 . 0 ~  
F!CD 
I !  

a s  s p e c i f i e u  o n  d a t a  plaLc* 
Frequency 

T e m p e r a t u r e  1.1mlts: -. 
l!.lnimurn: - 4 U " ;  ( - d U ° F )  
E i i i ~ 1 P l l l n l :  

mm l!" IRSO1,I'TI: kPa ARrPLLITl: 

R A N G E  

ri a r r !  5 5  
(, an,! ?!'n 
r P ?  1 

TRANSMITTER IDENTIFICATION 

AGENCY 

RANGE 

O a n r l  7 . 2  
0 a n d  3 6  
0 ar-i  1PC 

S P P ~ "  

0 . 5  3nrl 
5n ancl 2 H r l  

2 3 5  ar,i l.::,:' 

P r J c s  ss ConnecLio i l :  ~~ T3ppr.d f o r  1/4 NPT, 
l;:: i ,  ri i / : ~  u r  i< 1;i; a s  s p e c i f l e c l .  

 SPA^:+ 

l . ?  an<! 7 . 2  
6 anil 76 

30 anr! 1PO 

RAXIMUI! 
M l .  I SENSOI) 

n1;iiimum: I ~i . i j i l rncv  o u t p u t ,  7.'2 '.' maximum. 

MINIMUM 
PRES5Ull!: ( r ibs )  

~ ~ ~. 
l:!".:;; T"pe 4 .  

7 ,e ro  S u p p r e s s i o n :  Llp t o  1 5 0 %  o f  c a l i -  
: r p a n  l i m i t .  Sum of   pan p l u s  

s u i ~ n r e s s ! o n  c a n n o t  p r c e r i l  u p r l ) r  ran"? 
l i l n i  t of s e n s o r .  

M a s r  ( a p n r o x i m n t e ) :  S . ?  k o  ( 1 1 . 5  l h )  
r : i , . c t r i c  I C . 1 , ~ n i . I  , c a t  i o n :  sec- F i g u r e  2 

m T R A N S M I T T E R  3 -- .~ 

/ CSENSOR RANGE SUPPLY VOLTAGE 
,SEE FIGURE 01 

L = LOW 
hl = MED CALIBRATED RANGE ELECTr(,CaL 

OUTPUT RANGE H m 
rl AFStF l iAT lnN  -- -- ~ ~ 

IFOR DETAILS. 
SEF 4S14CC':T 
AGENCY F L i l T E l  

a a TO REPLACE SENSOR 

l .  n i s c o n n e c t  e x t - e r n a l  w i r i n g  and p r o -  
c e s s  p i p l n g .  

2 .  D i s c o n n r c t  v i o l e t  and g r a y  w i r e s  
Lrom t e r m i n a l . -  o n  ? l n c t r o n i c c  

'9 -4 mndu?o. I . o o s ~ n  c a p t i v e  s c r ~ w s  
( F i q ~ l r ~  2 6 )  o n  morilllc=. 

3 .  L i f t  o u t  module  ( w i t h  r e m a i n i n n  
• P wires a t t a c h v d l  t o  nvrn-F  ? t o p  

- C T T W .  L o , > I F ~  s c r n v .  

4 .  L o o s e n  l o c k n u t  s o  t h a t  l o c k i n g  
p l a t e  f a l l s  f r o m  r e c e s s  i n  t o p w o r k s .  

5 .  Unscrew s p n s o r  ( a h o t ~ t  s i x  t u r n s )  
f r o m  t o p w o r k s .  W h i l e  u n s c r e w i n g  
s e n s o r ,  r o t a t e  v i o l e t  a n d  o r a v  p a i r  
o f  w i r e s  s o  t h a t  t h e y  (10 n o t  t w i s t .  
When s e n s o r  i s  s r p a r a t r d  f r o m  t o p -  
h 'o rks ,  r a s e  w i r e s  ou t .  o f  t o p w o r k s .  

6 .  L i f t  o f f  l o c k i n g  p l a t e  a n d  l o c k n u t  
f r o m  o l d  s e n s o r  a n d  p o s i t i o n  them 
o n t o  new s e n s o r .  S i d e s  o f  p l a t e  
m u s t  be p a r a l l e l  t o  s i d e s  of s r n s o r .  

7 .  Remove t h e  f o u r  b o l t s  t h a t  h o l d  
q e n s o r  c o v e r s .  Remove c o . ' e r s .  

8. L u b r i c a t e  t h r e a d s  a n d  0 - r i n g  o n  
neck o f  new s r n s o r  w i t h  s i l i c o n ?  
g r e a s e .  

q .  I n s t q l l  c o v e r  w i t h  nnw g a s k e t  o n  
. censor .  I . i g h t l y  l u b r i c a t e  h o l t s .  
T io! ! tPn  b o l t s  g r a d u a l l y  a n d  
u n i f o r m l v  t o  n t o r q u e  o f  i P  ? J a m  
( 1 4  l b ' f t ) .  

1 0 .  T h r e a d  s e n s o r  w i r e s  u p  i n t o  t o p -  
work&.  S c r e w  s e n s o r  and  t o p w o r k s  
t o q e t h e r  a s  f a r  a s  t h e y  w i l l  g o .  
n o t a t t ~ ,  v i o l e t  ano g r a y  p a i r  o f  
v l r e s  s o  t h a t  t n e y  d o  n o t  t w i s t .  

11. T i g h t e n  s t o p  screw a n d  t h e n  back  
o i l  1/4 t u r n  [ h e a a  o f  s c r e w  s h o u l d  
u e  blow s u r f a c e  o f  c a 5 : t l n g ) .  U n -  
s c r e w  t o p w o r k s  u n t i l  s t o p  s c r e w  
h l t s  s t o ? .  

l,.. If In S t e p  11. t o p w o r k s  was  r o t a t e d  
a t  l e a s t  ;/4 o f  a - t u r n ,  p r o c e e d  t o  
S t e p  1 3 .  

I f  t o p w o r k s  c o u l d  n o t  b e  r o t a t e d  
3 /4  o f  a  t u r n ,  l o o s e n  s t o p  s c r e w  
a n d  u n s c r e w  t o p w o r k s  a n  a d a l t l o n a l  
1 / 4  t u r n .  T l g h t c n  s t o p  s c r - w  a n a  
b a c k  o f f  s c r e w  a b o u t  1 / 4  t u r n .  

1 3 .  O r i e n t  t o p v o r k s  ( w i t h  r e s p e c t  t o  
s e n s o r  asarmbl;;) ~n d e s i r e d  p o s i -  
t i o n .  I n s e r t  l o c k i n g  p l a t e  u p  i n t o  
r e c e s s  i n  t o p w o r k s  a n d  t i g h t e n  
l o c k n u t .  

1 4 .  t o  P o s i t i o n  v l o l e t  t i e - w r a p  a n d  g r a y  t h a t  w i r e s  is  b e h i n d  a t t a c h e d  

p l a t e  o n  r e a r  o f  module .  C o n n e c t  
w ~ r e s  t o  t e r m i n a l s .  

P o s i t i o n  b o t h  g r o u p s  of w i r e s  i n  
g r o o v e  of m o d u i e .  

13 .  P o s i t i o n  module  i n  h o u s i n g .  T i g h t e n  
c a p t i v e  s c r e w s ,  making  s u r e  t h a t  n o  
w i r e  w i l l  D e  c r i m p e d .  

l b .  C a l i b r a t e  t r a n s m i t t e r .  

--- ~ y-~~- ELECTRONICS 
S T. -4 U3DULF  L.;;:' , 
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1UF"iTITACATION 
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TO IDENTIFY DEFECTIVE COMPONENT 

T h l s  p r o c e n u r e  is a p p l i c a n l e  o n l y  t o  r ~ i l l i a m p e r e - o u t n u t  t r a n s m i t t e r s .  
F o r  f r e q u e n c y - o u t a , ; :  t r a n s w l t t e r s ,  sep  1ns:r.lctlo;;  &:l t w 2 $ - 3 2 ? .  

ISOUTPUT LOAD W I T H I N  T H A T  Cl lFCK E X T F R N A L  WIRING 

SPECIFIFO I N G q A D 9  1Y F ICUPE 9 nvn P?#ED S:;:~'LI 

10" SUI'PLLY YOLTACF'  

PEPLACE DEFECTIVE C S V V N E N T .  RIX.$OVE TFST FUi i lPYFNT.  
nlSrr:r!.;cc- v: LLI-: ::RC!VW. 
fir ' C ,  l A A .  \ > . ' ' I I I L F  

.- ,. . - .  
W,*iE R - E A R T H ! V G  T E R M I N 4 L  F 0 9  
SIJDl iLV - o D l i O % & ~  OLTD,-'T \"ETE" 

R F C E I V E R  /, .: 
/ .. 'C 

> .  - 

A ' . n . 
I I- 

/ A " F  P P 9 V ' ? F D  101. C0"1S"F 513E51. 
ADDIT IONAL PL i IG  CI"! ' :ECTIOZ NC;T l ' 5 E l  ":S'RLL 
,1.ST"\8.,~FYTS 

@ K  .%?#q*# ,ac  > \ , - - ? , . < S .  : -Tr:, ,~ . 
~ 3 ~ 7 : -  i .str,~'$,; :  A!..?~LL.'.'?.~ JACK CONVECTIONS FOR O U T P U T  T E '  

11, L O O i  LEADS. O"T1ONAL OVTP:IT VFTE.,C' \ C 4 S E - G R O U N D I N G  
O P T I O N A L  JUZ'DER. TFm\' IWRL 

INSTALLATION WIRING 

' L  : , 0 t o  tl," 
: ~ ; i l i l c ? r n ~ ~ ~ . r ~ - i i ~ * , ~ ~ . i t  t r a i : s ! ~ i : L i r :  f o r  t h e  
t r ~ q u c n < . j . - ~ - . u L p U r  t r ; i n s m i t t f c  1 n s t a 1 l a t : o n  
a c t l i ~ l s ,  sec I n s t r u c t l < > n  M1 0 2 0 - 3 4 C .  

C u i i l r e c t  the .=up i> l . f - r r?cc lver  lc,oo v i r i n q  
: ~ I ,  t b .  t r a n s m i t  r P r  t r r m l n a l s  1 F l a u r e  R I .  

'? : !c?  l a c k  c , , n n r r r . i o n s ,  aI :ov? t l l *  w i r i n "  . : ar t :  c t a r  , . ,%itlsur test 
: :  ? o r  ; o n  a : : i / u t  mctar 
I l i '  ~ l t  l c ,  <,l, wit ! :  t t i?  4 
t t .  t i  E o  t r a r i ! : n l t t r r ,  l o r  t i l e  
v; .  . I  : L {?.irr l icC) w l i c : .  

P - ,  , . t l " .  ,. r e : i c t a n c c  
I .  ! L l .  '; 'h- nti;pt,t a t  t h c s e  
, , $ C L .  con!:i.,-cl,,!.? i c  161) t f i  C O  rV <:c, 
L ,  , II t o  i C O ' *  ~ ~ i i t p u t .  

POWER SUPPLY - . h i s  s ~ c t i o r  c o v o r s  c n l y  t h e  l i  l l i a m p r r e -  

c u t p - t  t r a n p n i t t r r :  t h  power s o p n l y  f o r  
' i : ~  I r e o u ~ r r \ , - n u t p i l l  a -  r i C p a r k  
oi rhn Snrr ?no no?! (sec ' n s t r u c + i n r  
h" . . c;"- ' i r  ) .  

T h e  r u p p l y  v o l t a q ~  l i m i t s  ,at  t!lr+ t r . 2 ~ ~ -  
mLtte . r  i e l - m i n a  i s  a r i ,  i n l ' ~ c ; t t ~ r :  1" t ! l f  

; I p p i l c a r : l e  q r a p n  i n  F i q ~ l r r  9 .  H<,wcvr r ,  
f u r  a q i v e n  sui,pl,:, v o l ' a q e ,  t + > v  limlrs o f  
t l l c  t r n n s m l t t e i  o u t p u t  l o o p  r a r l s t a n c e  
a r c  r r i .  ( F o r  < - x a m p i c ,  wit:, a 4 t n  i O  mA 
u ! l t p ~ : t  transmitter, i t  s u p p l y  v o i t a q ?  i s  
6 0  V u c ,  a l l o w a b l e  l o o p  r , . s i s t a r c e  1s 
i i U  t o  ~ 4 0 U  ... ) TO c e t c r m l n e  t h r  o u t p u t  
i o , , p  r e s l : , t a n c e ,  sac t n c  s ~ r i e s  r r s i c : -  
t a i : c c  o t  PdCI l  co rnpcnen t  i n  thm l o o p .  

: ' t :~ power  s u p p l y  m u s t  be  c a p a b l e  of 
supplying L 2  mA ( 4  t o  2 0  m A  o u t p u t )  0: 

>5 2lA ( L U  t o  50 mA o u t p u t ) .  f o r  aoni- 
t r o n s l  power s u p p l y  aeLarli, s e e  '1.1Sle 1, 
Paqe  4 .  

- .,. . . . . . . . . /.L . . .  
am-,-. -&--. . -.- - .. -- L:. .; . . 

z i : : .  ., 
. , 

i - __  _. . _ -,/* .- - 
. .. .,/ . . ~ . . . . .  

.L~- ~. . -. ~ _ -  . .--P I - i  . ,~ .- . r,, ^C 



CERTIFICATION DETAILS 

1. -0 ~aintain e x p '  . , r7uct-ior<+ i"n-pr"o1, ?rri 
Y',$n 4 procertir?, : P \ : , - :  i.r,nr?uit onenino l t ~ w i ,  l/? t:i3T 
connections p o i  r u ~ t  1 -  p ! !  w~tl. metallic 
p:pe plus rhlcl. c?qnne= a minino- cl full t h r r a , ! ~ .  

?. -I?? mill inmprre-otltput transni ttrr m y  ha"? aqency crr- 
t i lication f o r  in-tallation in l ! i . r ~ ? r ~ i o u s  locations or 
for intrinsic s~f-ty. F r r f r r  to ! ! l  affixed to t r n n s -  
mitter for type o f  rertifiration, an? observe appl~cnble 
wirino practlcrs. Coni:itions of certification are listed 
1 1 ~ 1 0 ~ .  Similar rleta~ls for frrouencv-output transmitters 
clre in Instrlrction P I  020-3411. 

MAINTENANCE 
'l::,. r e  r l  i s  scr . : : c -  
, r n  I f  i: -;,-.nnt l c.' I-rst'..! C.? I f  

' i ,. , , C  + r ,  p,., r l , : , r !"P, l .  

..nj i,. , ; .  ' p ,  . ..:.,.,, n.r.,,~,n! ' C ,  

C ~ s i  I1 C;m,zp? f F . $ r , t l  G L>,,<, ~r)n l ,  

TRANSMITTER DISASSEMBLY 

~n 
(0 

i n  

. 
Thr disasnemhly of t h ~  transmitter is 
usually l~mitn<l t o  that si.own in Tin- 
u r t .  18. T h e  ?l+~ctronlcs m o , i u l e ,  tile 
sensor asanmhly, and the zpro 
potentiom~tcr (rnil1iamprr~-output 
transmitter only) are the only parts that 
may require replacement in normal 
Operation. 

The procPss gasket should he replaced 
each time the transmitter hody is opened. 

, . 

l. 1 ' '~ 

C r 

F F.( 

l C i '  

TRANSMITTER DISASSEMBLY 

ZEROPOTENTIOMETER IMILLIAMPERE. 
O U T P U T T R A N S V I T T E R  O N L Y ) .  

, , ~ . ,  

7- ..,P l (.. :< ,,,,, (1 

c ,  ,.-.; -,.. ' ~ < , - ~ .  "<r! ,,, .., ~ .~ . . 
F1 "a ? , , C  , C '  . 
'"r,-. .. ...,,.. ' ,-, ,li.. 1 ; ,?,,?.. (> .~ 
S . .  ' I  5 : I\,:.. ,rr,,.oq :..,, n' , C , ,  

)C,, , l  <,.c ,r,- i c :r 3 c-; 7 , - , - p  . 
..,. c . ,.....-.,.,., , .  . ,, 

(. . , , ,; ,c,)"c P, r :  c ,>..! L ,  :,. ,:..>,, :m 

I ! , , - ,  , _ ,  ,,,. ,- 

h R (  . , I 

ci~c; lp i  i . . , ,  , .. ~ . 

F ",no? c"q,l,,".-.<$ \ . . , 'P  .T:, ,,:,,- 

F F x O  I iC  I ; ~ ?  

SENSOR 
&C F " I I I L Y  

GASKET 

. , 
!.,,,1- 1.7 . " . , , , "11r;V ,.>.It, ' " ' I  ? " l > .  

l -  1 :  ' "  ", nn.;lCno,: 

1 L,,, ,",.", ' * ,.:* l.!, ",! ,... 
: l '-?I,:.- "-l; 

-- 

- 

-~ 

TO CHANGE RANGE 

Tie t r a l + n ~  l - ~ r  c ? n  !I? c-lihrat~d to any 
. 4 .  4 i :... 1 I S .; n f  ihr pirt~ i r.ul ;?r  
,.i,n,:nr iri+t;rI l,.: I "  :!:I :r;lnsri*trr [ s e c  
!:,~r!:"r r<.;,c,,r"7,.,n. ! , P ,  <,re sensc3r  
. , l r . ! t , f : , . ? ,  ?v:> :">c'. 2) j .  

If ttaa neslrea r a n q e  is outside the 
sensor limits, hut within the limlts of 
one of the other ,ivarlable sensors, this 
new srnsor ano its corresponoing 
electronics rnoouL? (see l'arts L l s t  
P L  003-IUZ) mcst be oroerem. However, 
w ~ t h  a trequenuy-output transmltter, the 
same moaule can be "sea with all sensors. 

Atter the new parts are installed. 
recallbrate the transmltter to the 
oesired range, ano alter tile data plate 
to inclcatea the new condrtlons. 

HOOKUP TO CHECK FOR DEFECTIVE MODULE 
ISEE PAGE 12 FOR PROCEDURE.)  

FREOUENCV X)!SVdc 
COUNTER POWER SUPPLY 

TEST M O D U L E  

CONNECT LFADS l 1  mm' O R  I B A W G  M \ Y  
S Z F .  150 mm 16 n l  M A X .  
L E Y G T P I  T O  V l O L F T  A N 0  GRAY 
TEPhil lNALS O F  TEST hlOD!ILF / 
CONTACT AND TRANSMITTER BETWEEN LFADS CONNECTORS MUST ' 
RE LOW RESlSTANCE. 



TRANSMITTER EARTHING (GROUNDING) . . . .  ... . .  ;, . - l :"  -:?.I ~. ',.: . . . .  " * c - .~ . .  :.. . . . . . . . . . . . . . . . . .  . :  ~, . . ~ ,  - 0 PRELIMINARY CALIBRATION ADJUSTMENT BAL ADJ (BALANCE ADJUSTMENT) 
POTENTIOUETER ADJUSTVENT 

A - a ? ? - P n r t t i n c  t e r m i n a l  ' F i o u r e  Q 1  i s  
p r o v i d r :  i r  i t *  f i ~ ? < ~ ! - t - r n i p - !  cc-n3rl- 
F e l t  i n  l '+  tonv! - rks .  [ < S A  i?stnll?tions 
r e a u i r s  e a r t h i n "  w i t h  r h l c  t c . r r l n a ! .  1 , : l t h  
. . .  ~ r ? t a l l ~ ~ l n : s ,  a n  n x t - r n a l  ~ t r t h i n o  
. e r n i n ? :  ( s e e  F i a u r e  2 )  i s  provi<-,.:.! 

ZERO ADJUSTMENT 

>- 
- - 

B A L  OUTPUT 
SPAN TCST FRD'QTVDLVP 

I f  t i le  s i n n a ?  c i r c u i t  m u s t  l a t ? ,  i t  
r s  p r ~ f e r a r l n  t n  e a r t h  t ie  n e q a t i v e  t e r -  
T i n 7 1  01 L.)? d:: poh.er l .  I ? ! :  To 
.::..ola c l r c ~ l a t l n ~  c u r r e r F c  i n  p a r t t  
:oop:,, o r  c t r  p l r s i b i l i t y  o f  s h o r t -  
c i r c u i t i n q  7 r o u p r  o f  i n ~ ? r u r n ~ n l s  i n  a 
i o o p ,  t i . t r e  i !>oulcl  !,e o n l y  o n e  e a r t h  i n  a 
Inc;,. 

. . . . .  . . . . r-  , ,  , i- .r?4-,!  L ' >  L . . , . .  

- >  '> . . .  .._. . . . . .  ,'i, : . . .  , - a  :.I- 
. . ... , ?'. .......... . ' ;  - , , . :  , ;  . -  ,~. . , .... 7 .  : - 4  . . .  , : - 7 r  . 

ZERO SCREW RANANA 

; ' , /---. .~.. 

LOOP - - 
,:. l:.'.'. ! > ? W - I  or,. ,p:',!:. 7 

5 C , !  " , 1. ,:,,:,~? 

- . ,.: L , < '  ! ,>..i,,i 
- ,  '...iT 5" . 1 1 . ~  \; : t q < . t ~ .  
. .  1 :'lr...:!,i,F - , . + : c  ,:.: 
.. ! !  t,',. 

OPERATION 
T. m ''.,r>.,. <.: ,er?.  ;,-.., :; I : . . c . r n n ' s  i,i.!ru 
.-:,.,:,l,. , ; l ! , \ :  .,. . ; , m  - !  ! ! !> , : , , ' ~  ,,=. . . ,  + ,L : .  
. ,~ ~ : , ,  . r ,  " . ' . C..  r " ' P  ........... . .  ........ : r , .< . - ,  . .  , . . - r  e.1 

. ' ,  < .  . ,~.. , . - . . ;y  c,. .>.) , . . . .  

TO CHANGE OUTPUT ACTION 

7 :  z r . a s l l r l ~ i ~ 1  ~riiszt p ,  on- 
...... DAMPING ADJUSTMENT 1 . r -  P .  i : ; : .  1430 . 

F o r m u l a  t o  C a l c u l a t e  R A L  TFST V n l t a o P  
. . ! !: 1 c,";: l % ' Z ,  r , ,>S r - :n!  ,r? 1 ~ :  
, P .  l c , , -  z.1 ,~ : : .  " . > L  , , 

. : , F T , .  l i i  .. 8 : .  : P  

, . . . .  . . .  , - , , I - . ,  . . . -  -. . . a .  I :;I 

, 7 , , , c 7 , ,  . c 7  5 , . . _ . L ? C : I 

..,., . .  i ' . ,  8 %  : :  7.7 8 ,  I.., - . l  . .  1 
. . .  , . ; .  , . ,  , ,  , ' ,  , , :: . i;,.,. i , : 1.) 

range \value 
R A L  TEST v o l t a q e  = 1 - 1 1  ( m i d - r a n o r  e r r o r )  - n ? n  

\ 

\'ALl!E OF C !-: FnP.Lfl!l.A h ' :  ] r i d - r a n q e  r r r n r  i n  

sr!:SOR %P* ~ v l i q  
L1 = O u t p u t  v o l t a n e  a t  upper- ran"^ v a l u e  

l o w  L Olltp!>t . i o l t a q ?  a t  l ~ , w e r - r a n c ! e  v ,3 lue  
wr-3 i un 2 5  l rr, M = O ~ ~ t p u t  v o l t ~ l r .  a t  m l r i - r , , nnn  . . ' a l > ~ e  
i t  l n  h 175 "':?Q C C Con-?ant: nne t n h l r  below 

, , - .,- ~ ~ . .  , ,  .........l.. . . .  ,,.:,". 2 ,  . .  L ! r ~  : ' -  ( 7  ,I:: i ~ F . ! , S  ?', 

. . 
r e v e r s e  s i g n  of c a l c u l a t e d  
v a l u e .  

i 1 0 . 0 4 0  + 2 . 0 2 0 j  
1 6 . 0 5 0  - 

M i d - r a n a e  e r r o r  = ( - 1 1  ( l O f l j j  - i .C : l  1 

BAL TEST v o l t a g e  = l ~ . : .2 '~( ;4q1~">,  = - 0 . 4 9 8 8  V 

\l<:! , i 



CALIBRATION 
CALIBRATION NOTES 

3 .  A c c u r a c y  o f  c a l i u r ; , t i o n  a r j u l i  n ' e n t  
~ h o u l u  be ;S mlnimunt o f  t h r e e  tiR:er; 
< r e s i r e d  n c c u r a c > -  of t.r;insmlt t c - r .  I f  
n e c e s s a r , ,  appl:,  c o r r ~ c + : n n  I ~ c t o r 5 ;  
t o r  suck, e x t , ? r ~ ! ~ l  i i l t l u e n c c s  .is 
t e m p e r a t d r e ,  r a r o r n n t r i c  p r e r ; s l l r r .  
a n d  l o c a l  n c r e l e r a t i o n  0' q r J v 1 t y .  

SPAN JUMPER POSITIONS 
(COARSE SPAN ADJUSTMENT) 

CALIBRATION PIPING CALIBRATION WIRING 

Field Calibration 

Bench Calibration 

CALIBRATION PROCEDURE 

I f  c i t t : n l  l =cr,sr ,r  ilr ~ l r c t r r r ~ ~ c s  
l e l br.e!~ I I - ~ I I  ~ C P I ! ,  ?S',! ' o r  i 
, , i i i ; . . r  r:)': r~ o-ii I S  i t : . ~  

..TV , , , , ,.;,<..!, c.-,r.i :, ' , X  ' " ,~ ~ . .  p r * - l  -,:,..;>r:: c a l i -  

. . b .  . ,  . I .  : ~ . .  . ' , , , . , , I . .  

..,-.: ..:; , . : .  ..,;, c- :.- , . ,  ;! r.r.,i.n!.,r,., .. . , . . 

SPAN Z E R O  
s r m r ~ ~  S C c l F W  ? io , l r . -  l G 

1. Set u p  c a l i b r a t i n q  e q u i p m e n t  shown i n  
F i o u r e  1 3  ancl e i t l l e r  F i q u r e  1 4  or  15. 

2. Set c i l l i h r r i n q  press lrre  a t  l o w e s t  
v a l v e  n t t a i n a h l e .  C a l c u l a t e  ror- 
res?'>n,!lnq n l l l ~ p u t :  use fo rml i l2  i n  
F i g u r e  11. ! f  n e c e s s a r y ,  a d 3 u n t  ZERn 
screw ( F i g u r e  1 1 , )  t o  o - t  c o r r e c t  o u t ~ p l l t  

3 .  S e t  prcss l lrc  e q u a l  t o  unper rnrrle 
v1Lui . .  'Jotput s!loul! 1-u 1 . I f  
n e c e s s a r y ,  a A ; u s t  s!>hL screw t o  q e * ~  
c < \ r r e c t  o l i t j ,~ ! .  

4 .  Hc!,ent. Step!. L a n d  3 ~ i n t i l  b o t h  o i i t p u t s  
a r e  co r rec t  w~ t1 ,oo t  n < i j u s t r n e n I .  

5 .  S e t  c a l l b r a t i n ?  pressure e q u a l  to  
n l i i r a r q e  v ; i l u e .  I shot:iil be .~ . 1 1 1 1 1 1  v .  

I f  output i s  s a t l s f n c t o r y  ( s e e  t a b l e ) ,  
c d l i h r a t . i o n  i s  C o n p l ~ t e .  :f c u t p u t  is 
ni,: s a t i s i a c t o r y ,  c c - p l e t e  "!IAL hC\I 

P : , t e n t i o m e t e r  A r ! j u s t m o n t . "  o n  "nqe  I P .  
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Dimensional Print 

MODEL 82 1 AL ABSOLUTE PRESSURE TRANSMITTER 

HOUSNG CAN BE 
ROTATED 27W 

2 MOUNTNG 
HOLES 0.375-24 

PROCESS CONNECTION 
TAPPED FOR 

0 114 NPT 

ALLOW 7 5 m  (3ii) 
CLEARANCE FOR 
COVER REMOVAL 

\ 

50mm (2in) PIPE 
(SUPPLIED BY USER) 

D 112 NPT 
R114 
R112 

NOTE: 
CONDUrr CONNECTION TAPPED FOR 112 NPT 
BOTH SIDES. PLUG UNUSED CONNECTION TERMINAL BLOCK 

CUSTOMER I.R. 

CUSTOMER ORDER FOXBOROORDER 
ITEM-TAG 

W 

CERTIFIED BY DATE 
mmmm - 
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Parts List ., .' L 

a a 

821AL ELECTRONIC 
ABSOLUTE PRESSURE TRANSMITTER 

Style A 

Model Code 

82lAL = Absolute Pressure Transrnltter 

Output Signal 
- 1  = 2 .. 3.. ,? : ' C  

- H  = 1C ro l ;  r,, <!c 
- F  = F r e a u ~ l c y  with SPEC 200 Input Component 

Flanae Material 
K = C,,' ,- -' l 

Parts Maler ia  
1N = C ~ ~ i . i ~ t - n i k ~ - C h r o m P  al8.3" 5landard) 
1s = 31f; S S  

1C = Hastclloy C 
1M = Monel 

Span Limits 
L = 1 2 and . 2 kPa, 9.5 and 55 rnmHg. or 0.012 and 0.07 bar or kglcm' 

M = 6 0 and 36 kPa. 50 and 280 mmHg. or 0.06 and 0.36 bar or kglcm' 
H = 30 and 780 kPa. 235 and 1400 mnHg. or 0.30 and 1.80 bar or kglcrn2 

Process Connection 
i = T ~ ~ ~ D , :  f o r  , n 
2 = T ~ D L - d  for 1 , 2  N p i  
3 = Tan--d for R l ~ h  
4 = TaaDDd for R 112 

O ~ t l o n a l  Features 
- A  = I + r wl" '3  100% uniform Scale 
-C = I-,! . i : w  v!,." scale per Sales Order 
-Y = D:.=..? nracrel l,-, p i ~ p  mou"ting 
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Module Assembly 

7 8 

Item Part No. Oly. Part Name -- - 

n- 

Span 
Limits 

L O W  

Med 
H80h - 

2 ~ ~ I Q W  I cover 
DDII5MS Hlnqed standard 
DO1I::VM R~gl l l  IPTB, LCtEl 

n H ~ I - W  - scrpw 1 See 
Note 

0"Ip"t Signal 

NOTE Moiluto Part ROIPOEX far Ffequency Outout does not 
Front Cov-r l lem 2 01 S C ~ P W S  Itern 3 

Fig. E1827A 

Code -H 
10 to 50 mA 

~ ' l l ? q c z  
RqI?HQR 
R013'IEZ 

Sensor Assembly 
(Item 18, Page 3) 

Code -I (LCIE) 
4 to 20 mA 

P l l r O E r  
P013oYD 
POlLSEH 

Span Ltmttr 

1 lcod] Low (L) Medium (M1 I High (H) 

Code .H ILCIEi 
10 to 50 mA 

a 3 1 4 ' 1 : ~ ~  
P11CII+IF 
e 0 1 4 ~ 5 * 5  

Code d IPTB) 
4 10 20 mA 

e 0 1 3 9 ~ s  
8O13PVK 
B0l3gCR 

Code - 1  
4 to 20 mA 

"o1?"ry 

RO: % * R 4  
RI!,-,aEY 

' Star indcates metatllc process wetled materials conformtng to NACE standard MR.01-75 

Code .F 
Frequency 

1 3 3 1 4 3 ~ ~  
B l tdnEX 
eOt40EX 

9.5 and 55 mm Hg 

Options 

50 and 280 mm Hg 

l N7141KR - Connector I U7002AS 316 ss  Bolh Reoutred I 

235 and 1400 mm Hg 

Emeto Connectors 

U7002AT Cad. PI. cs 

112 NPT X 12 mm Tubing PG-13.5 Trumpst Connectton 

I N  l 

PG-11 Tmmpel C o n n ~ t l o n  

I I N7141DW - 6 u m ~ e t  Case come= 

D0135WL 
D ( ~ t l i i ' l K  D0135WG DOII'IWF 

l a P 6 m 1 \7pQ04A - Tr4rnpe! Cazn Colnec' on 

Metric Condull Connector 

Par+ N714lf lY - Conner tor iM20 r 15-7HI 

HawLe Cable Gland 

Part N7 Id lHY - G ' i l ~ n  

D(1135WO 
DOl35WP 

cobalt.ntcke1 
316 SS 

sillcone 
s~lhcone 
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Parts are illustrated on page 2. 

Item Part No. -- Oly. Part Name  - 
1 ! 2 PIPT Piug ~ c ~ . s l o m ? r  sur3't-01. 

see not. 1 
1 Lubr8~lat.3 Lubl#canl 0 L5 k Q  (1 ' ? m  

1 H O I I C P O  A s 5 ~ m r . v  is-" C L' 
l l,,? : , l . .  ;<S..,-,. ,,>:!,"".,l, 

, , ) '  .....F l ..<" . ' 0 l D  - A !  

I t em P a n  No. -- 
16 - 
l 7  B0139"B 
18 - 
13 D0135WA 

Oty. P a n  Nsms - 
1 Flange Connector !see table) 
1 Gas.r.1. 3 a + s  ' lee 0-0 
1 F + ^ i l .  A.<--> , s o n  3 5,  

4 Nut ,  0 3 7 5 - 1 6  ifee notes 2 3 and 41 
Calm:u?i - .a le.? = ) * + l  r l a x a . . ?  
1 - 2  D U  S!-' - * s s  S.<*'  

C a d n , " ~  : .'-c s . 0 * .  

A s - M  4.194 Grade 2M 
1 Nut. M2211 5 
1 Flestra-5-q Pad 
f CD,I ' - 2 ,  3. P ' , ,  !g!.,? ~nstrume-1 

re'erenre number) 

1 Pluq-,Q S1101181~ Bar. '0 pevrn,' a l d l t o n a l  
21 1 h n  o.l!:;:: l i l i ~ r : l i l t . ' " i  ,JP:  wal l  

Flange Connector 
(Item 16. Above) 

'Parts preceded by asterisks are those most commonly replaced 
GIVE INSTRUMENT MODEL NU'?ISER AND REFERENCE YUnnBER WHEN ORDERING PARTS 

Part No Flanqe Malerial (Code) 

I ..: C , > - .  ,.. ; ;,.;,g *.>*! ,K,  
,,-..- . , .. ' ,.' r , $ . i a  E' ." ,  ,",l 

, . . ,  ., P.A..... .,"; : ' ? , - g  ~ , ~ p l  ! < l  

D"IC-0 C r m  p l a ~ i , ,  5 ~ m p ~  , K >  
# ~ , .  , . . ,. ,l '%.,. ~ .<.,, , c  
P", . , .;, ~ ...,,,.,q<.,~mt i ,  
,,-.> 1 " ~ c , . , , n ' s  C.O"l ' 5 ,  
I > - !  j c * a , n t o . c  s t o a ~  ( C ,  - 
p $. , , .  r 
- I  , pzi , l . .  v y c  ( C ,  
Uq1 :7 ;H H ~ c * r , i y  C ! C )  
, : r C ,C, 

: h' r . - ,n~ h .  

~ ~ , l ' 5 i s j  t ! ~ ~ , . )  IN! 
F,.. -:.,a f,..~,.%, 1 
* , ~ . ~ , ~ -  . ' 8 .  I , , .-~: l 

Proces* 
Connection (Codet 

1 < * > c : -  1 ,  

, ?> : c -  l ;: 8 

D 1 L l ~? 8 

R 1 2  (L, 

. , ,;a- 

: 2 WO- ,:, 
0 ' c , . 
a -2  l:, . C t!m7 t * ,  

1'21.0- 12 
P 1'4 131 

R 1 '2  ! L ,  

1 I: 'IDT 1 ,  

I ' Z Y D T  '21 
P I 4  ? l  

R 1 2  :L# 
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Housing Assembly 

Fig. 

l tem Part No. -- 
p Below 

@?13AWA 
R013ROA 
E 131arVT 

Oty. Part Nsme - 
- Housing Assembly 

10 10 50 mA.  -H 
4 to  20 mA,  .I 
4 13 29 mA,  -I {PTRI 
10 to 50 mA. -H 1LClEl 
4 to  21 mA -I  ILClEi 

F r f q u ~ n c y .  -F See 
F r e o u ~ ~ ~ y ,  -F IPTBI 3 Plgte 1 

2 Screw. Pan H.. 0 112.40 x 0.312 
1 Zero Cover 

1 Zero Screw Assv 
1 Luhr~nla le .  L l lb lcant .  0 a5 kq 11 lb) 
1 D,Sr 
1 P n t a n n g  Ping 
1 Zero Ru.s~nq } Yote 2 
1 T l r c a r ,  Snn!anl. 0 9  kg (2 lbl  
1 P-:%,,"c ",.,C 
1 c:k>:?+ 

1 Earth loroundl Slud 
1 ClamD 
1 ScrPw, Pan H.. 0164-32 x 0 375 
2 F ~ l l r r . R F l  - Sea ant, for I tem 12 
- P l ~ m e r  for S ~ a l a n t  

I tem Part NO. Oty. Part Name -- 
13 X0171TS 1 Set Screw. 0 2 5 0 . 2 0 ~ 0  375 
14 Below 1 Terminal Block Assembly 

BOlDRWH 10 10 50 n A  lBO13RWA. 80139DJ) 
~ 0 1 1 a 0 ~  4 ln23mA(B01?*!lA. @013PVT, 

R01 3 9 c n  
80138QH Freouencv lBOl3BUA. B0138V\S', 

15 X017PPZ 2 screw: Pan H:.O 166-32x0 500 
I[i O 1 4 W n +  1 Car leClamp 
17 ?Ol:,:'R 3 Screw. Pan H.. 0164.32 x 0.375 
1 R  ?3161FA 2 Wasner 
14 RPIOW 1 2 - r l  Pot and Harness A s s e m b l ~  

e m q 8 9 L  RO13ROA. R013RWA. R013RVT 
Rol?"UW P~I1:cSUA. B013RVW 
R I 1  '-31 E '12 C-, P,?I,?,'>?J 
r . , m ,  . - , , . .'D 1 L > . , . *  .mn.,. 

Bushing 
Stud 
:g 
Ciarno 
LolkwaSher 
P". a r e *  

LClE Cover Lock 

ltem Part No. Oty. Part Name -- 



Air Weight 

Btu 

1nstrz~nlerlt .s clncl Systents  f o r  
Capacitance 

Composilion 

Int l ic t r t i t~g:  o r t ~  ~ n n t r o 1 i . i t l g .  . . Compression 

C' 
Concentralion, Solution 

Conductivity, Solution 

Consistency 

Current - a-c, d-c 

Density 

Dew Point 

Displacement 

Drag 

Flow 

Force 

Gas Analysis 

Humidity 

Interface 

Ion Selection 

Liquid Analysis 

Liquid Level 

Load 

Moisture Content 

Motion 

Motor Load 

Operation, Schedule 

Operation, Time 

oxidation-Reduction Potential 

pH 
Position 

Power, Electric 

Pressure 

Resistance, Electric 

Sheet Moisture 

Sheet Weight 

Specific Gravily 

Speed 

Strain 

Stress 
Temperature 

Tension 

Thrust 

Torque 

vacuum 

Viscosity 

voltage 

Weight 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level. and com~osition. Products ranoe from instruments 
that sense and'transmit these variables to computer-based 
systems that control entire plants. Industries sewed are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries. Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and start-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue, Foxboro. 
Massachusetts. U.S.A. 02035. Phone: 617 543-8750. 

Printed in England @Registered Trademark 



INS'AlLATION 
OPERATION 

l l 
MAINTINANCL 

h m ~ ~  .qmmrG-be-- 
Y o l , ~ Y ~ . o r c * . r y ~ m d r M k r . l l w r  
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m ~ o r ~ p u * p u t h p l w w k r u n l o  
nul(bnihrin)nmlkrWIVmkr. 

I 



I M P O R T A N T  

Style Indication 

Some of thefollowing sheets may refer to a different 
style of instrument from that indicated on the cover 
of this instruction book. 
The reason for this i s  that some sheets are valid for 
more than one style. 
You may be assured that this book, i n  it 's totality. 
w i l l  provide a l l  the necessary information on in- 
stallation, operation and maintenance of the instru- 
ment and style indicated on the cover. 

S.I. Un i t  System 

Foxboro, as a world-wide Organization, is an ardent 
supporter of worl d-wide standardization. Because of 
this general policy and the legal requirements in  
Europe, Foxboro has decided to  adhere to the S.I. 
unit system ( s y s t h e  internationale d'unitbs). 
A beginning has been made with revising the ex- 
tensive documentation accordingly so that you may 
find that this book contains one or more sheets with 
the units already expressed i n  the S.I. unit system. 

Document Number Prefix 

 he document number of certain sheets out of this 
book may be preceded by the letter "V". This de- 
notes that these "Printed in  the Netherlands" sheets 
deviate to  some extent from the original issue; for 
example, by adhering to the specifications of local 
requirements or to indicate that measurement units 
are expressed in  the S.I. unit system. 
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Instruction 
E92-R SERIES 

PNEUMATIC-TO-CURRENT CONVERTER 
(Rack-Mounted) Style B 



P a r t s  L i s t  

n-script to? P a r t  No. 

lnstn!!ati?n P i n i n n  <and Wirin? 
~ - 

I--_ 
, 

- i s 1  l DC 
POYTi- S I I D P L I  

~ .~~~ ~.y  - p, 

P t - ' l " F D  
'F'" ..>, '.-A": 

. id  N"' 

................. S . ' .  ( 3 . ~ .  , ? - . . a  . . . . .  ,-,.. V . . , ' .  I . ~ ?Sr.! 
, . .  ... .!TT,~..:f . ..) 



. . . . .  ,< ~ . - 
~ . .  . ~ 

... - . . . .  
, . ~  . . . . . .  -. 

l 
" A . "  " L  *:,.= 

/' 

. . . . . . . . . . .  .. -. 
. . . . .  

' J 



v,.,: " ",-(:+.:on 3 ,  : ) , P  rCilj,wil,,v . . , ; l )  :-:-.,> ..-.. , ~ ,  .. ,?:":c- , , , , , 3: ,- 
; ' - . , : ,  : I : :  . ,  . .., .,. 

3 ~ . . .  . 
. irt. 

TPS GRIATFR 
R A N  iOV' 

IYCORRFCT OllTPUl 
V<,'!\ ISPUT 5lC':A:  

I S  A P q  I f ! '  C1 
INPIIT SIL*:d!. 

CORRFCT' 

R E R A C E  0 
VlxTACE AT 

TH4N InV NOW? 

R f R A C E  

VIITH PO\YFO nu  I S  
A P R Y  CORRECT P E I I S T A ~ ~ I ~  B~IIYF!N 
i ' l o ~ i r  S I T Q A !  r q  '(I F I b.:' 19 10 

i Y r 7  

'JJ:C:,g;fvp 1 1 vNIAcA;EPWX f! 

7 
U0Der 
Rr.hl YFS 

CONNFCT S C O R  
1 0  At4n E l l  r- l  

6. 7 TO 7. O i '  -1 A C ? q 5 S  C W ,  



R ~ n t e d  ~n England 

Parts List L 

E92-R 
PI1 AND PIV CONVERTERS 

Styles A and B 

Model Code 

E92-R = PI1 and P N  Converter. Rack Mounled 

Tesling Laboratory 
B = F,L'~[E.:,, 
c = cc,?. 

Design Requiremenls-Equipment Location 
A = i.:!!. ..,c;ii , L  . J . . .  . ' lhe.,  u q 6 I  with Certifiprl SPEC 200 i f 0  Module) 

N = None.:ia:vini: an(: i l i l i ~ :  ; i . : ~  N. i E x ) n .  0,". ;. Zone 2 
G = 0 r d 1 r a . i  Locat ions 

Input Signal 
2 = 1 . .  ' C , .  

3 = 3 t o  27 t i t  (20.7 t o  186.2 kPal 
4 - 0 2 t c 1 1  ~ c c m :  
5 = 20 to  100 kr'a 
6 z 0 2 t o  1.0 bar 

Output Sips! ,., = ~ : , , , : , : - - - , & d ~  

Optional Sulflx (PI1 ONLY) 
-A  = L,-mlninq Arrestor  
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E92-R CONVERTERS 
Styles A and B 

Figure E839 

i tem Part No. Oty. Part Name -- - 
1 X3122UH 2 Screv.. Pan H .  0 13532 x 0 2% 
? K 1 i r r r n n a l  Board Criver 
3 I;-!,,;: 1 @a!,? PIIO 

NO-  VNX OUIOLII Code V 
h 1'". ,V  Outcut Code H 07  I 

A ilr:n..v 1 Frame Assembly 
W i G N J  O~itol1l CO'!* H or I 
Ni;l lFRN Outoul Code V 

5 N 9 ' -  :'J 1 Co\,er 
6 N?, l? '?B  2 Screw (special1 

l tem Part No. Oty. Part Name -- 
7 N'II3RPR 1 T ~ r m i n a l  BoatO 
R NDl lRNL 2 Column 
a ~ ? : . , 9  o s-te:r Pan H 0 tfi4.32 X 0250 
0 I t ,  l 2 Cotrmn,  IOlllDut C;od? V a n v i  
11 Y X . ,  '!z 3 SCIF.U. S O C ~ ~ ,  H ,  n 1 2 5 4 0  0312 

'Parts preceded by asterisks are those more commonly replaced 
GlVE INSTRUMENT SCRIAL hUMBER WHEN ORDERIXG 

Figure E840 

l tem Pan No, Oty. Part Name -- llem Part No. Oly. Pan  Name -- - 
l K0121YS 2 Screw Tnnnmno 16 nn3?sAA - T u h ' n ~ ,  order 0 3 m i t  it.) per instrument 
2 Nn?92AN t T r , l ~ i : s t o ~ .  2rl  '441 1 7  P 3 C:.::DW  re, 103 m m  14 in) nnqlhs.  
3 K' is" . I ' . 7  1 S n - n r  0 3 mm7 121 AWGI 
4 N!.'SI?m l i i L  !I Sink tStyI- Al 1.8 - 3 Copoer Wire l 0 0  m m  1;. cnl I k r : : ' ~ ,  
5 M,,. ,..., , . 1 slyrrnt 0 3 m ~ s  ''2 AWGI 
h P 7 Cil.:-r W l r a  CO m m  12 1n1 l e n ~ t h s .  IQ C3lSlAG 2 Co'umn 

0 2 rnlr,? 124 AWGl - P n ' i l C V  2 F i l " r  Inn hack oant.11 

l l ~ m s  7 1 3  on n A  oc~tnut mni l r ls  ( H  and l1 only, 

7 P,"Ic~,J 1 P rc~ tnb  Cr r r l ~ r t  Rnard 

W :  ,,:!l; Outcl i t  Car!. I. Fhl ~ ( i i s o n  onlv 

R XOlF79J A S c r w  B H .  0 112AOx 0372 
X f l l h iKK 3 Clln 

,I, H n n x  1 C:!nuerter AssPmblv 
N , ,  I ,'?A 110 15 p58 l8lnut !Code 21 

11 2 to l P k~ cm? Cor fo  E i  
2n to t n l  kixa  I C ~ ~ P  i i  

0 7 to  1 0 b.?! ICori- 68 
NOt2RK.R i to 2: p*! 1830n- i 

11 EI:?~iUi'J 1 Po t *n t iomn l~ r  
1 2  ) '  1'  2 Scrrw. P,- H .  008656  x 0 37s 
11  Nlil.':,?C 2 ,v:i.,,sr 
32 ! 2 S: , , : !  
1 ,  C ! ?  r < 1 :nc<.rt 

RP!OW 1 R C S ~ S ~ O ~  Ion back 01 front panel) 
E0:iGGH 25 O b n  ~Ol l lpu;  COCF l 
~ ~ 3 1 . :  : i x  10 o h m  ioi l t i l r l t  codo HI 

- Below l Llghtninq Arrestor 
B0'5REZ 10 to  CO mA (Output Code Hi 
f i a . ~ i ~ ~  4 to  20 m~ ioutput  code I) 

'Parts preceded by asterisks are those more commonly replaced 
GlVE INSTRUMENT SERIAL NUMBER WHEN ORDERING 



WARRANTY 
Except as hereinafter provided, the Company (here- warranty except those made with Foxbom's mi t ten 
inafter called "Foxboro") warrants that all parts consent. Foxbom shall be liable for breach of  this 
manufactured by i t  (but not by others) shall be with- warranty only i f  it receives written notice of such 
i n  specified limits of calibration, i f  any, and free breach within one year from the date of shipment of 
f r m  defects in material or workmanship, under the product to which the breach relates. The fore- 
proper and n o n a l  use. Foxboro, at i t s  option, shall going shall constitute the sole remedy of the pur- 
replace or repair, free of charge, any part covered chaser for any breach by Foxboro of i t s  warranty. 
by this wananty which shall be returned, transporta- 
tion charges prepaid, within one year from shipment FOXBORO MAKES NO WARRANTIES REGARDING 
by Foxboro and which examinationproves not m be PARTS MANUFACTURED BY IT OR OTHERS (INCLUD- 
within the specified limit of.calibration or not to be ING WITHOUT LIMITATION WARRANTIES AS TC 
free from such defects in material or workmanship. MWCHANTABILITY), EITHER EXPRESSED OR IM- 
Foxboro shall not be liable for any repairs or re- PLIED. EXCEPT AS PROVIDED HEREIN. 
placements of parts by others and covered by this 

SERVICE 
The Company i s  anxious to be of every possible Foxboro (Nederland) N.V.. Soest, Netherlands pro- 

@ assistance to you, to insure your continued satis- vide expertly staffed and fully equipped Training 
faction. A fully qualified Service Engineer wi l l  call Schools devoted to the instruction of customer's 
promptly i f  the need arises. Arrangements for this Instrumentation Engineers and Service Men. The 
service may be made through your nearby Foxboro courses cover theory of operation, maintenance and 
Sales Representative. When factory repairs are re- application of the principial types of instruments. 
quired, the instrument may be sent to any Foxbom Applications from Companies in the British Isles 
plant. Check with your International Sales Repre- should be made to Foxboro-Yoxall Ltd.; from those 
sentative who wil l  advise you as to which plant in the other parts of the world, to the nearest lnter- 
should be utilized: national Sales Representative as listed on the last 
The Foxbom Company. Foxbom Mass. U.S.A.; sheet of this book. 
Foxboro-Yoxall Ltd., Redhill, Surrey, England; and 

PARTS 
When repairs are to be made by the customer, it i s  data plate when requesting pans l is ts or ordening 
strongly urged that only genuine Foxboro parts be parts. (Men unfamiliar with Foxboro Instruments, or 
used. Parts l ists for Foxboro Instruments may be lacking the proper tools and equipment should not 
obtained by writing to your Foxboro Representative. be permitted to unoertake any major service work). 
Always give the serial number f r m  the instrument 

REPLACEMENT 
Improvements in design, materials, or methods some- We can help you i n  every way possible in discuss- 
times make i t  worth while to replace rather than ing such problems with you. 
repair an i ns t~men t  which has been in service for in this way you wi l l  be made aware of the latest 
a long period of time. available equipment. 

CHARTS 
Since the accuracy of any recording instrument ments i s  essential if full performance of the instru- 
depends, finally, on the accuracy of the cart, the ment is to be realized. 
use of Foxboro Humitex Carts with Foxbom Instru- 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based ' 

systems that control entire plants. Industries served are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries. Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and stan-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue, Foxboro, 
Massachusetts, U.S.A. 02035, Phone: 617 543-8750. 

Printed i n  the Netherlands @Registered Trademark 
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Redhill Surrey England 
RH1 2HL 

Foxboro Yoxall 
A Division of Foxboro Great Britain Limited 

Guarantee 
The Company undertakes t o  replace free of 
charge any component of its own manufacture 
(which excludes electronic tubes) which, in 
the opinion of the Company, is not  within the 
specified limit of calibration or is defective in 
material or workmanship under normal or 
proper use, provided that the same is returned 
at the customer's risk and expense t o  the 
Company's works within twelve months from 
the date of the despatch by the Company of the 
eaui~ment to the customer. 
A~ I  representations, conditions, guarantees and 
warranties bv law or otherwise howsoever 
expressed or implied are hereby excluded to the 
intent, except as above provided, after delivery 
t o  and acceptance by the customer of any 

Service 
The Company is anxious to be of every possible 
assistance to you, to ensure your continued 
satisfaction. A fully qualified Service 
Engineer will call promptly i f  the need arises. 
Arrangements for this service in  the British 
lsles should be made wi th  the Company at 
Redhill. In other pans of the World arrange- 
ments should be made through the nearest 
Representative and/or Factory listed at the end 
of this book. 
A unique feature of Foxboro service - of 
particular interest to Companies which do not 
have Instrument Departments or enough 
qualified Staff to carry out regular inspection 
and maintenance - is the Service Contract. 
Under this arrangement, a ~ o x b o r o ~ s e r v i c e  
Engineer will call at stated intervals to check the 
condition and operation of all Foxboro Instru- 
ments in your Plant. The Service Contract is 
also used by Companies for the routine inspec- 
t ion and maintenance of highly technical 
instrumentation which requires specialised 
knowledge and experience. 
The Company provides an expertly staffed 
and fully equipped Training Centre at Redhill 
devoted t o  the instruction of customers' 
Instrumentation Engineers and Service Men. 
The courses cover: theory of operation 
maintenance and application of the principal 
types of instruments. Applications f rom 
Companies in the British lsles should be made 
to Redhill, Surrey; from those in other parts of 
the world, t o  our nearest Representative as 
listed at the end of this book. 

Tel: ~ e d h i l l  (0737) 65000 
Telex: 892852 
Telegram: Yoxbri Redhill 

equipment or apparatus, the Company shall not 
.# 

be liable for any loss, damage, injury, delay 
or expense or consequential loss or damage 
howsoever arising from or in respect o f  the 

! -.. 
eouipment or apparatus or the use thereof. 

Pyrometer Thermocouples. ResistanceThermo- 
meter Bulbs. and Protection Tubes, on account 
of the severity of their usage, are not subject to 
replacement unless returned unused. 

The Company shall not be liable for loss, da- 
mage, detention or delay caused by fire, strike, 
civil, or military authority, insurrection or riot, or 
for other cause beyond its reasonable control. 
Acceptance of apparatus b the Purchaser shall 
constitute a waiver of all craims for delay. 

Parts 
a 

Parts Lists for Foxboro Instruments maybe  
obtained by writing to the above address. It 
is strongly urged that only genulne Foxboro 
parts be used. Always give the serial number 
from the instrument data plate when 
requesting parts lists or ordering parts. 
(Those unfamiliar with Foxboro Instruments, or 
lacking the proper tools and equipment, 
should not be permitted t o  undertake any 
major service work.! 

Replacement 
The C o m ~ a n v  has considerable knowledge 
and exp&ience in  regard t o  the econom-ic 
life of Foxboro instrument equipment and will 
give advice on the desirability or otherwise, of 
f i t t ing new parts into the older models. 
Improvements in design, materials, or methods 
sometimes make it more economic to replace 
rather than repair an instrument which has 
been in service for a long period of time. 

Charts 
To obtain the most accurate and consistent 
recording performance from our instruments, 
we strongly recommend the use of genuine 4 \d 

Foxboro strip and circular charts. 



GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If  you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

FORM 8 0 1  (11113) @~egister& Trademark 



PR SERIES 
PLATINUM RESISTANCE TEMPERATURE DETECTORS 

With Aluminum Cap-Type Head 
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MODEL PROB. BARE SENSOR MODEL PROX. BARE SENSOR 

MODEL 1090D 
HEAD ASSEMBLY 

TAPPED 

1 
8 89 EXPLOSIONPROOF 

HEAD ASSEMBLY 

5 3 

112 NPT 

112 NPT + 1 0  

l 
"U" 1 ; 

1 
1 

"U" 6.35 DIA 
"U',- INSERTION LENGTH 0.250 DIA 1 0.250 .35 D l ~ k  DIA 

-- l c 
L 

MODEL PRON OR PROU WlTH WELL 

WlTH PLAlN WELL 

d 4 3 C  

l 
29 2 - 
11.5 F NIPPLE COUPLER 

. . (PRrlNI ,... . . L ,  

:.A ,..* Lrl; -' WITH UNION 

i IPROU) 

l 

R1 OR 1 NPT 
R314 OR314 NPT 

''U" 
I 

11.13 DIA 

0.438 OIA 

WlTH LAGGING WELL 

1.5 

MODEL 1090R 
TAPPED HEAD ASSEMBLY 

- PLUS"T" 
11.5 

NIPPLE COUPLER 

..i * L .  

LAGGING 
WELL 

R l OR l NPT 
R 314 OR 314 NPT 

"V" 



U 

LAGGING 

'"l0" \ Ll., ADAPTER 

. , ---. 1IF REOUlREDl 
! 1 314NPTTO 1-18 '.I .... 

OR 1 114-lBSTRAIGH1 'm' THREAD 

Installation With 10900 Connection Head 

d r i 
..- . 

COV"9EISION EXTENSION JAM NUT 'h .TP  5091 . ~ .  
F T T I ' > ' i  l C  TUBE LOADING i i E V I C c  



TO Install RTI, a n d  1:-11 & S  n. ;:"it --.-P 

Bare RTD Installation 

- 
.he i l l u s - r n X o n s  he lsw  sh- , .X itrei ' j n l c ; l  
bar* sensor lrs*alia'!on~ w:'h : j . . i h  
Connection Meads  !w:thout inading 
devlce). h .  :ns'.nliat:orr ari- !? s . &.:L .-.-' 
an3 a d u e ?  and dc nc*. use R well. 

To Install RTD In A n  Existing Well .p 

CABLE 

4, 

3 .  513s-n two scr-s:s arr! r-Tc::= :errlnsl 
F ~ R + P .  

114 NPT COMPRESSION 
COUPLING. OR ADJUST- 
ABLE UNION WITH 1 2. 
3 4 , O R  1 NPT BVZHING 

Tnstallation W i r i n 2 .  -. F L i M F N T  SCHFMRTIC 

... . . . . ,, ,: 4 ... - 

l . ,  ......a.. . . . . . .  
I I ' J  

DUCT 
..::,r,,~.).:,' , r . .  

. . . . . . .  W ;  t k l r  : r...sc !., .,. . I.!,;,! - c :  l ! '  I .  i'rir~: v:;.rztion i n d  
,j", . >.,?, -.?. :.4.h-tc: ,:,:",+,::.~ 

.. _ . >  -.; ,.>.,. .,.- 0 ....... l... _ _ :  . . . .  . . . . . . . . . .  
~~ . . : "I' . . .  . .......... . . .  . 7, ; . . , - . .  , . ,  

'>. : ..:p,-, 
~. . . Sold-r x ? > l f - ,  $-reen, 3 - 2  b:?.:;.: ccn -  

n e c '  Inf: :;LT.-s ' ?  turro's ?n :.r-X o f  
':er!-~:~.?ls ?:ar l ,^ l  !,X, :, .ind !'$: r 2 :  
,-r, i2!,.~:F *... -.-'- - ?  a . . - -  . ,, . p ..--- er‘^ 
+a?" : .~ , ,  . * ~ .  . L r:~,:-.. 

Ir.mlrsr the nPnso? R' least "5 ?E ; ?  j n ) .  
It c l n  b? hm- , '  &,l-,h 2 r 2 < : ~ c  of ?c'~ less 
* .  -!!.in 5 L : l ~  :: :n: zt ?--.:: p o ! n t  rore .hqr 
- ! ~  -- , ,  , 3 :c: :"F- ' L . .  - ' F  -. . s 2 2 : : z  ?,?: 
' e  install'? Ir in:: ln.???i?n where :v c a n  
becor!r c a n t ~ d  with ,? ?!i5stancs? h a t  wili 
t .cr , l  t ~ .  ! r . ~ . i : a+n  it fr,?nl L?)? ~ ~ O C T L S  ie?- 
?e:':%Lurc?, ' 5  C2.dcin.1 I( ru:p1,7 .;. b e  '2 
err3r. 

WWITE GREEN 
SINGLE ELEMENT \ 

FUNCTIONAL TESTING 
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a Instruction June 1981 
1. 

E94-A SERIES 
. TEMPERATURE TRANSMITTER 

r INTRODUCTION 
T% ="0 $or :?% T C T ? ? T ~ * U T ~  T r a n s n i t t e r  
o r n v : r l - =  .* 4 t o  2'. n i l l i a - p e r ?  (:c o u t p u t  
w h i c ! ? i s  proportional t o  t h e  t e c p P r a t u r e  
o f  n r r s i r t ~ n c s  t c m p e r a k u r r  e l o - . n t .  I%- 
t r a n s r n l t t - r  i c  n v a i l a h l e  i n  t 5 r - n  t y p n s :  
w i r l o - = p a n  t n r n n e r a t u r m  i -nncc>rcmnc t ,  
narrow-5p3n t n r n p s r a t u r -  r n + ? a s ~ ! r o m ~ n t ,  and 
n a r r o w - s n a n  t o - n e r a t . u r e  c i i f  f ~ r r n c ~  
r - ? Z g r c " . . n t .  

T h e  r a n o e  of t h e  t r a n s * i ! t - r  cnn he ~~ - - 

t r l n m e i !  I "  t h e  <ir=lL ?-'wn s c r e w c : r l v e r  
a < l j , , ? t r n e n t s  are e x t o r n a :  l y  a%.ra, l,?h!e f o r  
c n i i ! . r ? t l o n  or zero an-!  s p a n .  

STANDARD SPECIFICATIONS 

a The maximum l o a d  r e s i s t a n c e  d e p e n d s  o n  
t h e  4 u D n l ' l  v o i t a q e  S!:awn I n  F l a u r e  2 .  
Th1z r n l a t i o n s h ~ : ,  r e s u l t s  b e c a u s e  t h e  
t r a n s v l t t c r  i t q e l f  r e a u l r ~ s  a v l n i m u m  o f  
12.:  v o l t s  ta n a r r a t ~ .  

TYPE PTD* 

N i c k e l  
C u r v e s  MP-226, - 1 7 7  

P l a t i n u m  
DIN C u r v e s  P & - 2 3 8 ,  - 2 3 9  

SAMA C ~ ! r v ~ s  P P - Z i R ,  - 2 7 9  

I >!axirn:lm R ? s i = t a n c e  ( i n  ohrnc)  S 

'Drslstancr Trrnrerature ne*ec+or 

O u t p u t  L o a d :  See Fiout-0  2 CC S u e p l y  V o l t a g e :  see F i g u r e  2  
Ol i tpu t  S i q n a l :  4 t o  2 0  mA A n h r ~ n !  r e r n p e r a t u r e  L i m i t s :  - 4 0  a n d  +8ODc 

, . -  - ,-.., ,,"c: 

i iNITS 

'C 
OF 

OC 
'"F 

RANGE LIMITS  

- 2 0 0  a n d  + 3 2 0  
- 3 2 0  a n d  r 6 0 0  

- 2 0 0  a n d  c 6 5 0  
- 3 2 0  and + l 2 0 0  

SPAN 

TEMPFRATlIkF 

l ?  t o  3 4 0 °  
20  t o  h 0 ( I o  

6 t n  610 '  
10 t o  1 1 0 0 '  

: l~~M131.hi,7tiRl. 
L : i i:i..t,i..h<::.. 

1 2  t o  5 h 0  
2 0  t o  1 0 U D  

6 t o  2 8 -  
1 0  t o  5 0 "  



INSTALLATION 
Dimensions and Mounting 

I N  ELEMENT-MOUNTED ENCLOSURE I N  SURFACE-MOUNTED ENCLOSURE 

L--- Om(U11 Dll lK 

I l r l n m u l r r r  i r  aatzrnwr mmo. 
Lmn wilm D ~ . I Y  A I  LOWT m l w . ~  

O P L *  LT L : " i l  PT* .  

119 
4.7 .LLo lLL l lsU IC I  FOR t0KR XMOYIL 

IIInn a#nlrOl )Rl l  
,$>mm * , " S  FOR r o 3 0 , u ,  

A~LO~LUARI*C(~~ mm ar in# 
m r a ra  aruov*c 

OUTRI I  C(XIPCT,ON 
i A P 9 0 1 " 1  ,iium 

BASIC  PACKAGE 

mu wror rupollr@w~wmaw~ run, 
MW,Wift* '" . , . i  i f . ? <  

1 IAY ' : IW  ' I . * . A " I I 1 1 ,  

-03 vlrn 

E1bl.l: , IIW'NI 

L I m n P ~ I n 0 . D .  WlTY 
&Cm" ,CM!"> P"'! 

1 
LAGGING WLL 

. i 
PUINWLL ;:-h. \ , r n  

F i g s r c  ? 



Wiring 

I S P A C I N G  FOR I N T R I N S I C  S A F E T Y  
P W R + ~ ~  1 1 >PWR t . , , ----*--l - --  -- 
PWR - C R 3 , -  ~ C R I  

I N 6 4 5  - - - - - - - - - - - - . '1 1 1 ~ 6 4 5  

1 EL@+= 6 V  

R13 R17 

R 7  

15 77K 

RIO 

C R 2  

Cl, IN4611A  

30pf 6 6 b' 

A @SIG G N D  

E 9 A  

Fi*:i,r- 2 1 .  
C i r c u i t  n i a c r a -  ? ? a t . i n t l r  P e s i s t a n c p ,  

l.:ic?.= S?a? >an-," P!<?.. 

TPANSVITTFR 
T I P * '  '.Q1 A i a R D  

]OUTPUT  INPUT^ 
NICKEL RFSISTANCF TF\aOERATI.IRE lNPi!T 

*[Jnlcas o t ! l r r w i s r  l i m i t e d  
by sa'nt.y c a d c s .  

TRANSMITTER 
TF"".,'PibL BOAR" 

(oUTPIJT ISPUT/ 

PLATINUM !4rSlSTA?iCE TENTRATl ! t?E IPIPIIT 

ACTIVE 
1 2 5 T 0 -  

NOTF: I C  3-wire c a h l , ,  is 

5 n v d r ? r - - l  i i?nr! Fny- r a c h  FT" ccrpcn 

4 L 0 4 n  
s?: r - '~s  a.-- . , , 7 ' ~  .:r,.,<! '?"A . ~. 

REFFRFNCE should !I- t a ? ~ : i  i l , 2 c l r .  

NICKEL A N D  PLATINi lM RFSISTANCF 

TEMPERATURE DIFFERENCE INPl lT 

F : l e c t r i c a l  pickup t h r o u q t ,  t he  s i q n a l  
l e a a s  o f  thr measurlnq element may h r  
mlnlm17-d t,./ p i t h e r  Locatrnl t h e  r l r m n n t  
an"  l e a d s  i n  a r e a q  r ~ l a t i v - l y  field-tree, 

l !  t ' i -  i n 2 d i  i n  ' - - ? a r a t e  
r.arthnr; ( q r n ~ n c i e i ! j  c o n i i u i  t .?. 

NICKEL RESISTANCE 
T, ~ . ~ ~ c ~ ~ i o : i c  I~J : '~ :T  CIECADE BOX 

TRANSMITTER 
TFR" .$ ' .ALY IAR3  

DC MILL lAMMETtR  
4 TO ?n P m n  f i a ~ c i  

ri- t r , ? ~ - n i t t c , r  a r o v i d - 7  a 2-wir" O U ~ P U L  
/ L \ "  -2 -c  t w n  t o r - l n . 3 1 -  am nc-4 Fnr 
n o w e r  d  f n r  I .  Thn 1 0 a 6  mast he 
~ n s e r c " :  i n  s o i i e q  w i t h  n i t h n r  t i p  p l u 5  50 V 9 1 -  :[ 

7 1 7 R f i f i  
' + l  n r  - i n ! ) -  l -  p o w n r  supp1.r ] " a d ,  SOP 

F i o ~ r o  C .  

Calibration Procedure- 
Temperature Transmitter 

l .  .'?'C c"nn"<l,Qc- 3. -In,,,, il 

i . . . , , r C  r .. n . = t O r ~ i c . .  r.-:ctacce 
r a 7 q n  O f  t r , n ? - : l t n r  i r n 7  
t e * n ~ r a t ~ r ~  r - s ~ ~ t . a n c o  C , , ~ V P  

~ . . h . : ? ^  f r i . n c T : I t O r .  
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Set required minimum input resis- 
tance on decade box. If output is 
not 4 t0.16 mA, adlust ZEPO scrrw 
(Fiqure 6 ) .  

3 .  S?t reF?rnncn d~cadrd hax to -- 
refer+ncc. izrro ccalol value 
(2',?.811 P for 125OF). 

Platinum Resistance Range PWA, Wide Span 

-. Set active dpcadn box to middle oi 
oiffnrcnc? jm~o-cal-1 value 
2 9 . 7  C! for 1110°F or Z ~ O F  t , ~ ) .  

Set required maxlrnurn lnput resis- 
tance on decade hox. If output 1s 
not 20 t0.016 mA, a d ~ u s t  SPAN 
screw (Fiqur? c , ) .  4 .  Adjust ZFPG scr-w (sec, Figure h) s o  

a t reaiiinq I S  1 2  +0.016 m h .  
4. Repont Steps 2 a n d  3 until both 

r c i i i l n q s  a r p  corr~ct. 

C .  A d l ~ ~ t  SFAP: scrrw ( s r p  F ~ ~ U ~ P  6) $0 
that nutpot rcar!ino ? c  2 0  tO.016 mn 

i 

ZERO 
SCREW 

7. Repeat Step? 3 thrnuah 6 until no 
further afi]ustm-nt i i  nnrcccarv. .SPAN 

SCREW 
R. Set activp decade hox (see Fiqure 71 
-p- - 

to rclerenc- ( Z P ~ O  Scale) value 
(252.89 R or 100-F). 

9 .  Output should read 4 t0.016 m ~ .  ~t (I) 
Figure 6 

- . .- 
Incorrect, rppeat Step+ 3 throuqh 6. 

Parts List 

DnscriDtion Calibration Procedure- I tern -- Part No. 

Temperature Difference Transmitter Resistor, 705 hi +'Q, 1/R W 25 ppm/Or 
Patentiometer, 10 G 25%. 1/2 W, 10 ppm/*C 

C Resistors, R.O k.r 20.19. ! / R  W, 5 pom/"C each, 
2 ppm/"C match an6 tr,?ck 

Resistor. 15.77 k,; t0.1%, 1 / R  W, 5 pam/'C 
Resi-tor, 174.4 k..  +O.lR, l h', 5 pnm/Oc 

R 3 

Pair 
R 7 
R9 

SERVICING The values listed i n  this procedure are 
for a transmitter with a nickpl PTD and a 
temperature difference rang? of 
0 to 50-F AT, at a referencc 
temperature of 100°F. In this example, 
the zero, midscal-, and full-scale 
temperatures ot the active HTD are 100, 
125, and 150°F respectivelv. 

In normal usaa-, the transmitter should 
not require servicing. However, if 
requirrd, it is recommended that the 
transmitter be sent hack to The Foxboro 
Company, Valencia, Ch. 

Resistor, 30.3 ka tfl.19, l/R W, 5 ppm/"C 
R~siqtor, 205 ku +l%, 1/8 W, 25 ~prn/~c 
ReEiqtor. 15 i t  ?0.!9,, L/8 W, 5 p?m/*C 

JRecictors, 5.65 k:i 9n.l~. 1 W, C, ppm/~c each, RI?, R16 
Pair 
R1R. R19 
Pair 
P17 

If the user services the transmittcr. 
servicing should he limited to the re- 
placement of thp ranae and/or ~ m p l i f i ~ r  
printezl wirins assemblip5 (PWA's). when 
orderlnq t h ~ s -  parts, a11 information on 
the data piato should he included. 

1. Set up equipment as in FIQIIC- 7. 
L 2 p p W 0 C  match and track 

2. Determine resistances correspondin? 
to zcro, cir2scale. and full-ccalr 
temp~ratures. V - r  Ct8rce NR-2::h /"F] 
for this oxample. 

Resistor, R0 d; t0.1%, l/!? W, 5 ppm/OC 
Potentiom+t~r, !a ,. ? < S .  1/2 W, 1 0  ppm/OC 
Resistor, 5 6  3: *O.IP, 1/R W, 5 ppm/OC 

The desian of the circuitry is such, that 
~t is hia!lly unlikely that the range F w A  
will fail. If therr is a transmitter mal- 
function, rnplacinq the amplifier P'NA 
xiosld corr~ct the condition. If thn mal- 
function ~"ntino-S, the r a n q r  PWA sho:!ld 
be replaced. 

NOTE: R-sixtors R1, R3, R4, R5, R10, R12, R20, 
and R21 are selected for input range 

Capacitor, 30 pF 2 5 % .  500 V 
ACTIVE REFFRANCF 

l l 1 

C R I  
CR?, CR3 

Diode, R-ctitier, ?p- IN545 
0 ,  7,nnOr. Typo lN46ll/,, 6. V 

I f  the tr-"mitter r a c q p  i~ to !hp 

chanu-d, a n e w  r,?noe ?WC is reouirr?. 
Yanv -tnnr!ard rangr PWi;'s a r e  .?vnil3l>le 
f r n ~  Foxhnro. 1: the r.?nom 1s  chanocrl, 
alter t3;i. data plst? n ?  * l? n f  t ? r a n . -  
mitter. 

l ' ?  



Platinum Resistance Range PWA, Narrow Span 

A I 
V 

E9 
@SIG GNO 

E 9 A  

Parts List 

O0;criotion -. . .p P a r t  .:,X. -- p- 

0 1 4  R e s i t ? ~ r ,  ! C  ,, t 0 . 1 0 ,  ! , : r n m i ~ r  a 2 ~ 7 0 1 . , :  
i ? ; ,  Plc ? n + j r ! n r r ,  6.65 i + - ; . l ; ,  3 !R l.:, % -, ,, ~> 9 v,? 

"?:r  : "3- "- r 7 - n l - / ' -  - , C r .  3"" t r s r b  
. '  , " 0  ? - ~ .  , 0 - , :  >~ : . , . , : :P .>~ , ,7 - ' " : ,C  
?!!c : rr- , 7 ??m,,--  - . - * L  . an+  t r 2 c : .  

Remove Electronic Assembly 

Remove PW4'S 

2. Snpa r a t -  a n d  removr amplifier FWn 
f i n n  r r - t  of i l s~ :emhl" .  

:InTT 
TL- rna!ina ti?, to h o l d  t9e 
?'.,.'&'S +nl-:her. -o rcp  !nay be  
r n o # ~ ~ r n r ?  t n  s n p a r , ? t n  t i n m .  nn 
ncr c?amian  C0mnonPnt.n n n  t h e  
?l<?.. W ? ! C ~  is n n t  !>- in"  r e -  

3 .  Rem0i.c t.+n four s ~ r r w s  at El, F3, 
? l ,  t ' i  I ! : I C I I T P  10) anr: !,-X s t a n i i o f f  
!L. ,-onn#~,c- in? ranr l r .  PP.;> t o  
t . - r r i n . ? !  - , Q z ~ < : .  

4 .  S e p a r a t e  r a n g e  PWA trom term i n a l  
b0:3r<i. 

NOTE -- 
When ilftinq c!! ransc PnA, f e v a l e  
extpn-lon 0 '  u:-n<!of: a 7 3  ' a t  . . .ni.rc,r!. o f  3'; v > - t  >? i;'fl" 

0 1 :  v . 1 ~  e ~ t e - , ~ : o n  -: t o r ~ r n z ;  : 
i!cc:!rm : r , n  hl::n m !  ' h n i r ? )  , 



Install PWA'S 
Replacement PWA's are factory-cnntocl on 
hntb sides with 2 humidit,!-re=.i=tant com- 
pound; areas that will he in contact with 
mounting screws an<? standoffs half? !>non 
protncted with a peel-off coverinq. This 
covering must he removed hefor- instal- 
lation to en5uro electrical cant-act. 
After installatron, rxpospd portions of 
t h ~ s e  areas must he co,?ted w:th !humidity- 
resistant compound. 

Replacement PWA's are shipped wlth a 
stripper-coating kit to remove old 
coating and to coat expos?<: areas. He- 
quired mountinq screws a n n  washers to 
replace the old hardware are also in- 
cluded. 

Interconnections between the PWA's and 
the terminal board are made throuah 
mounting screws and thelr matlnq ktand- 
off%. All screws must he securely 
t lqhtened. 

1 .  If range PWA is being replaced. the 
existlnq coatinq at the five 
mountinq pads on both sides of the 
amplifier FWA (which must be re- 
moved lirst) must he removed to 
ensure qood ?l?ctrical contact. 

Apply stripping compound supplied 
with PWA to these areas. After 
ahout one minute, clean these areas 
thro~qhlv with a cotton swjh soaked 
in isopropyl alcohol. 

2. Install parts i n  reverse ordrr of 
disass~mhly. 

All mounting screws are Y 4 - 4 f l .  
Amplifier Pi<& uses five 3 1 8  in long 
screws. R a n a r  PWh uses four screws 
and a her srindolf. ?'h? F ~ O C ~ P T  
Screw 1s U C P ~  at the v i r ~  tanq. 

3. Use a cotton swab to paint all un- 
coc3ted areas with coatinq compound 
supplied with PWA. Allow to d r y  in 
air for on- hour. 

3. Reinstall ar.-om!~l?. intn houqina. 
See a??acrn: 5-ction. 

Reinstall Electronics Assembly 

*l!:  ir t:lc oioo..rn nl the b,ou<lno i c  shown 
I n  o r  Il. 

NOTE 
The clearancc h p t v c n n  thn a:;spmbly 
,and the !ho\lrino is v e r v  small. and 
the p r o r w ! r ~ r e  ,must 5.. iolii>we<i 
exactly. 

1. Khile compressinq tlanqr oi 
si~ielcling, as shown i n  i'toure 11: 

a. Position assemt,ly in llne with 
housinq. 

b. Position fianqe of compressed 
shielding so that it is in 
line with bottom of groove in 
housina. 

c. Ease assembly into housing. 

Nickel Resistance Range PWA, Narrow and Medium Spans 

CRZ 
IN4611A 

1 6 6 V  

!.l4 I F.- GND 

Parts List 

c t s  n?=cription Part NO. 
* N 6 0  S-., 

- -- 

[ e r - i - . t c , r ,  3 4 r j  ? tO.1~. 1/R W, 5 ppmiDc pack, A;'C39vP 
i ODT!'~ m?tch a ~ c i  t r a c k  

14 5 t ,  IF ci ? 0 . 1 % ,  l,'‘ W, C, rP"',/"~ 
1'5 AL0:')I.C 

i ' ; l f i ' n :  iom~tc:, Il l  I , ! 2 v: , p P m ; o ~  
i l . !  

! : p 7 ; ~ c , y c  
: ' , , ,~< ,T : t ,>" .n r . " r ,  20 > - 7 , .  , l.'. L ,  1,' : > i > m / * > r  1 > ! , , . < ' , ' . K  

: .  ? , . + , ,  . 1 r  8- . +L !%,  .,/f< L,:, - !.?.,. ;>:,., . , . > ~  
1 ! r  : ... < , , , <: , ~: ,? .: ,.,, .c, , ! * , L \ ., , . .~ ;r- "C ;.., ; ,.,,!, 



CIRCUIT DIAGRAMS AND PARTS LIST 

PWR+@th I ) PWR + 

@AMPL- 

R2 R 3  [ R E V  -\h-?- @AMPL+ 

PWR- 

F i o u r e  1 5 .  
C i r c u i t  D i a q r a r n  Nlckel P e s i s t a n c c  R a n q e ,  

C.!lde S?an ?V::, 

CAUTION 

The p 3 r t s  : i s t ~  a-6 c i r c s i t  
d i a g r n n s  p r o v ? " e 3  1- t h i s  I n -  
s t r u c t i o n  are ~ol-l? f o r  i n f o r -  
r a t i o n a l  p , > r p n ' - n c .  T\e U = ?  o r  
t - i s  i l f o r 7 ? ~ 1 n ?  f o r  r n r a i r  o f  
t\=- i l = t r i ! l n ? t  < S  n o t  rc,:nT,- 
nnn,lri 3"- + + P  U S ~ T  . s ?+ l i  i n  

r ~ c p n ~ ~ ; z : n  f o r  an" r?acaoe  t o  
:l" l ~ ~ t r i i - ~ n ! ,  ?r pnss:lle 
v i n l a t i o n  n f  warran?,!,, r e -  
sultina frnm C'IC!: r n n a i r .  

I tern -- f lnscr  ipt ion ?art No. 

P 1 Rocicror, fllrr, l Q h . ;  r7o. 1/4 h', ?Q0 F,?! iGFF 
2 ,  R1 I : ,  - - t ? i  m ,  ? i.li tle, 1 i l;. :c ni>m/D~ 7 - 9 ~ 4 ? h : f i .  
I i 4 ,  !?i 1 h . q i - r n r . ,  net71 filn, 7 0 n  i ,  .!p. 1 / a  W, 5" n o m i n r  l , > ) 4 7 , , . , ,  
? 6 ,  ;i" '..'~i.f"rE. *.*D: film, ' b.. l ,  1 . 8  h', 5 C  p r r , - C  p 7 14 :. :., 
p "  U * . F > + t , ~ r ,  f !  in .  2 k,. *ZP, 1/4 U, 2nn ppn,'; 1 :;i; 
! , ' l ,  R10 lN~'i+lstocs, m o t ~ a i  filnl, i H . 1  k.? tlP, l ,  , 50 ppm/-C ! , > !  6 ,S.>,.,. 

R11 R*si=tor, m e t a l  film, 100 k.. f l%, I / R  h'. 50 ppm/'c r0143KT 
P12 P " i . i ? t " r ,  l ,  10 i.. f 2 9 ,  1/4 h'. 700 p p n / * ~  rOli5YT 
?l?. P14 "n; l - . f -rs,  !ilv, ;!C? k.. r14. 1/H h'. ; P "  :;DT,-? r - ln ' . : .u  

R20, R23 Rrsiarnrs. film. In0 k 1  *:M, 114 W. 200 ppm/*C 
P 2 1  i*nsi%tnr, c?rhnn comnn.it~nn, 1R Wr tee. 114 h' 
P?? ~ ~ a l - t - r ,  f l ! ~ .  3nn .. rza, l W .  2 ~ 1  
P. ? 4 v-.;,-tor, 1 ?7 i.. ? ? Q ,  1/4 W, 204 p?rn/*C 
P25 P-;i+!or. m-+a1 fila, 3 k;. ? i s ,  ! , e  :i, 50 ppm/'C 
P26 t o ,  l 1 I C i  ! l % ,  1/R W, 50 pnrn/OC 

R27 P-~isror, film, 1.2 k.. r 2 e .  1 W, 21111 ppn/'C 
P ? ?  Pn+iatnr, f . ,  74 i t 2 i .  1/4 U, :on pnm/~c 

Cl ( s t a n d a r d )  S p a c i r - r ,  15 1;F ?In\. 3 5  $1 dc, tanlalom 
C1 f?Tlli l o a c : l o r ,  l F l ,  i n  V dr 
ci, C? r , : > 3 ? , - o r s ,  0 . 1  u F  t7,9, r,n v ,{c. onlvcarhonatr . .  . 
c 4  ' I Z ~ C I : ~ ~ ,  1.0 ;,r ti:*, 5: ? C .  c n r n n ~ c  
CS, c7 c ~ : : ~ c I : ~ T s ,  3.0 : - v ,  i n o  V S I C ,  
CC : c  0.01 ,F ?ln%, 50 v <!c, pnlycarhonate 

CR,  C9, 
C10, C12 Capacitors, 0.1 u F  '10%. 100 V dc, ceramic 

C13 C a p a c ~ t o r ,  l00 pF L i e ,  500 rlc, mica 
C14 Ca?aastor, lnqo PF rlna, :on :! <c. ceramic 
cl5 r i r , ~ c ~ f o r ,  0.01 ..F f ! l l ? ,  i r q  ?! <?c, cera~ic 

CR1-CR4 
?R$, CR7 Diodes, switch in^, '!yp* 11.14531 

CPT D:o<-. R~cfifj-c, p p -  1N',4: 

"1 IC. Oonratinla? A~olifier, Type 1x308 (Selecrl 
. . ' 5 2  !C, Qnnrztinna! l : - r ! l f ~ a ~ ,  -.,.DO ;U?,-= 



Nickel Resistance Range PWA, Wide Span 

-, 

.. - - .  ,. 

I tern 

P a i r  
R10 R 4  l 

P a r t s  L i s t  

D e s c r i p t i o n  

R e s i s t o r ,  3 5 5  C? 2 0 . 1 8 ,  1 / 8  W ,  5  ppm/OC, 
2 ppm/'"C m a t c h  a n d  t r a c k  

R e s i s t o r ,  340 R 2 0 . 1 % .  1 / 8  W ,  5  qprn/*C, 
2 pprn/'C m a t c h  a n o  t r a c k  

R e s i s t o r ,  56 R  t 0 . 1 8 ,  1 / 8  W, 5 pprn/OC 
P o t e n t i o m ~ t e r ,  1 0  0 t 5 % ,  1 2  , l 0  ppm/OC 
P o t e n t i o r n e t e r ,  20 R t 5 % ,  1 / 2  W ,  1 0  ppm/-C 
He . " , i s to r ,  1 5  0 i n .  1%. 1 / 8  k ,  5 pprn/"r  

R e s i s t o r ,  1 . 2 1  kR *l%, 1 / 8  W, 2 5  pprn/OC 
H a s i s t o r ,  6 . 6 5  k 0  ' 0 . 1 % .  1 / 8  U ,  5  ppm/-C 
R e s i s t o r s .  20 kn i l % ,  1 / 8  W ,  2 5  pprn/"C 
R e s i s t o r ,  6 . 6 5  kn + l % ,  l,/& W ,  2 5  p,rn/"C 

NOTE: R e s i s t o r s  111, H2, R3, H7, H 9 ,  R11, P 1 2 ,  
K14, and liZ0 a r e  s e l e c t e d  f o r  i n p u t  r a n g e .  

C a p a c i t o r ,  30 p F  ' 5 % .  500  V 

D i o d e s ,  R e c t i f i e r ,  Type  IN645  
D i o d e ,  zenrr. Type lN4611A.  6 .6  V 

I n t e g r a t e d  C i r c u i t ,  O p e r a t i o n  A m p l i f i e r .  T y p e  LM308 
T n t e q r a t e "  C i r c u l t  Par1 

P a r t  No. 

A2039VP 
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SAMA TYPE II NICKEL RTD TEMPERATURE-RESISTANCE TABLES 
Curve NR-227 (OC vs Absolute 0) and Curve NR-226 (OF vs Absolute Q) 

The values listed in these tables were calculated using the equations found in Foxboro Drawing 10104MU. Temperature 
Calibration Sources. . . 

Curve NR-227, 'C vs Absolute Q 

Printpl in England 

OC 

- 1 3 0  
- 1 2 9  
-112  
- 1 3 0  

-90 
-81  
- 7 0  
-60 
5 0  

-a0 
- 3 c  
-2C 
-10 

C 

C 
1C 
2C 
:C 
45 

5 6  
6 0  
1C 
5 1  
9 1  

100 
1 1 0  
1 2 0  
13C 
I 4 0  

1 5 0  
1 6 0  
170 
1 8 0  
1 9 0  

2 8 0  
21C 
2 2 6  
23C 
2 4 0  

2 5 0  
26C 
2 7 0  
2 8 0  
2 9 0  

3 0 0  
3 1 0  

'C 

0 1982 by The Foxbaro Company 

0 1 2 3 4 5 6 7 8 9 - 
RESISTANCE IN ABSOLUTE OHMS 

182.961 
186.533 186 .111  1 8 5 . 8 1 2  la5.GEL 18E.nf7 1!'.7*i 186.384 1 8 c . 5 2 9  1 8 3 . 6 7 "  183 .320  
192.164 189 .737  ! 8 9 . 4 3 2  189 .661  1 ? 8 . 7 ) 2  :88.333 151.916 :87 .613  1 8 7 . 2 5 2  :86.891 
191.868 193 .494  :91.121 1 9 2 . 1 ~ 9  1 5 2 . 3 1 ~  1 9 2 . n ) i  191.631 :91 .265  1 9 2 . 6 9 9  19n.531 

197.64" 197 .213  1 9 6 . 8 1 3  i96.5C: 1 9 6 . 1 2 5  1°5.1Y7 195 .369  l'?Q.993 1 9 4 . 6 1 7  1mc.292 
2J1.493 201 .135  20 , l . 718  200 .331  l C 9 . s l 5  199.F.5Q l 9 9 . 1 1 5  198 .791  1BP.408 198.025 
2,!5.418 205.;22 2 J l . 6 2 7  2 V . 2 3 1  2'11.838 2.II..LI 2i3.C5C 222 .663  232 .212  221 .883  
2:?.1.19 239 .916  2 0 8 . 6 1 3  2 ~ 8 . 2 1 1  2q7 .825  ??7.*?? 2 0 7 . ~ 0 9  2 w . 6 i 3  i 1 1 t . 2 1 2  235 .e15  
211.499 213 .757  212 .616  2121266  211 .857  2:1..4C 211 .911  2 1 0 . 6 3 5  2 1 5 . 2 2 9  2O9.P?* 

217 .651  211 .231  216 .618  216.a:1 211.99A 2:P.561 215 .152  21b .137  2 1 4 . 3 2 3  211 .910  
221.896 221 .418  2 2 1 . r 4 2  220 .616  2??.iFra 1>91166  219 .343  218.92C 2 1 8 . 9 9 8  2 1 9 . 5 1 1  
226.218 225.712 225.347 224 .913  2 2 4 . 4 7 9  124.617 223 .615  223 .184  2 2 2 . 7 1 r  222.:2* 
23P.626 23U.19P 229 .736  2 2 9 . 2 9 3  228 .852  2 2 8 . 4 l r  227 .970  2 2 1 . 5 3 1  2 2 7 . 0 9 2  2261655  
235.116 234 .653  234 .211  2 3 3 . 7 6 0  2Z3.319 732.859 232 .411  2 5 1 . 9 6 3  Z31.516 231 .011  

235.116 235.57C 236.U25 236 .481  2 3 6 . 9 3 1  237.395 231 .853  2 3 8 . 3 1 3  2 3 8 . 1 7 3  239.234 
235.696 2 Q 0 . 1 5 9  240 .622  241.067 2 4 1 . 5 5 2  212.019 242 .486  2Q2.954  2 4 3 . 4 2 3  243 .894  
24I .364  244 .836  2a5 .399  215.78:  2 .6 .251  2.6.733 247 .209  2 4 1 . 6 8 7  2 4 8 . 1 6 5  2*8.6*& 
249 .124  249.605 25.1.087 250 .573  251 .05 .  251.539 252 .324  252 .511  2 5 2 . 9 9 8  253 .481  
253.916 254 .461  25*.95e 255.qE1 255 .996  756.138 256 .933  251 .429  251 .926  258 .62*  

258.925 259 .423  259.92.  260 .a26  2 6 0 . 9 2 9  261.635 261 .438  262 .443  2 6 2 . 9 5 6  2 6 3 . * 5 8  
263 .966  264 .916  269 .987  265 .499  266 .911  266.525 2 6 7 . < ~ 3 9  261 .555  26P .012  2 6 e . 5 8 9  
269.118 269 .628  215.14P 2 1 P . b h  271 .192  271.716 272 .241  272 .166  2 1 3 . 2 9 3  273 .821  
274 .350  27b .810  2 1 5 . 4 1 0  271 .942  276 .415  211.0Z1 2 7 7 . 2 * 3  27e.Olq 21R.616 279 .154  
279 .693  290 .233  280 .114  2 9 1 . 1 1 1  2 8 1 . 8 6 5  282.4:4 2 8 2 . 5 4 9  2 5 3 . 4 9 6  2 8 a . 0 4 3  28b.591 

285.141 285.692 286.2*3 286.196 281 .350  281 .9<4  288. .60 2P9.017 289 .575  293 .135  
290.695 291 .256  291 .819  2 9 2 . 1 e 2  2 9 2 . 9 b l  793 .512  296 .679  2 9 a . 6 4 1  295 .216  295 .786  
296.357 2 9 6 . 9 2 9  297 .532  2 9 8 . f l l  218 .652  299.229 2 9 9 . 8 3 1  3001386  337 .966  1 0 1 . 5 4 1  
302.129 302.113 ?J3 .297  303.P83 319 .469  305 .057  305.646 : 0 6 . 2 3 1  386 .828  3 0 7 . 4 2 5  
308.014 3J8 .659  3"9.2(;5 309.81r2 3 l b . 4 n J  31G.599 311.6iO 312.221 312 .801  313.b38 

314 .013  314 .620  315.227 315 .836  316 .546  311.CE7 317 .669  318 .282  3 1 8 . 8 9 1  319 .513  
320 .130  320.168 321.567 321 .988  322 .609  323.232 123.856 324 .482  325.108 325 .136  
326.365 326 .995  327 .621  328.2F9 328 .893  329.528 3 3 0 . 1 6 r  330 .802  3 3 4  332.C8l  
332.722 333 .364  33.1008 334.65: 355.298 335.946 336 .595  331 .245  331 .896  338 .519  
339.202 339 .851  340 .514  3 ~ 1 . 1 7 1  3'1.83n ? ~ 2 . . 9 ~  3 r 3 . 1 5 1  3*3.81* 344 .*18  3 ~ 5 . 1 4 3  

3.5-859 3*6 .*11  341.146 3 ~ 1 . 8 1 6  148 .988  319.161 349.k35 350 .510  3 5 1 . 1 9 1  351 .e65  
352.545 353.226 353.9C8 354.591 355.216 355.952 356 .649  351.338 3 5 8 . 1 2 8  358 .119  
359.411 360 .1J6  360 .801  361.L91 362 .196  362 .e95  363.596 364 .298  3 6 5 . 1 0 1  365 .116  
366.412 367.12C 367.028 368 .519  369.25n 369.963 3 1 0 . 6 1 8  311 .393  3 1 2 . 1 1 3  312.829 
313.549 3 1 4 . 2 1 0  314.993 315 .111  316.b42 117.169 311.898 1.18.627 319 .358  38:.691 

380.825 381 .560  382mZ97 383 .015  335 .115  386.516 385.258 396 .002  386.147 387 .49r  
388.242 388 .992  389 .143  390.9?6 391 .250  392.005 392 .162  393.520 3 9 4 . 2 8 0  39F.042 
395.804 3 9 6 . 5 5 9  397.334 3 9 8 . 1 ' 2  398 .871  399.648 400.412 4g1 .185  4q1.96C 482 .136  
403 .514  4 0 4 . 2 9 3  405 .013  485.856 .E6.619 r01.02. r 0 8 . 2 1 1  408 .999  e l 9 . 1 8 9  410.58C 
b11.373 412 .167  912.963 b13.761 41..56C a l 5 . 3 6 0  416 .162  a16 .966  411 .171  4 1 8 . 5 1 7  

419 .386  420 .135  421 .001  421.P25 422 .634  .23.450 $ 2 4 . 2 6 8  425 .081  4 2 5 . 9 0 8  4 2 6 . 1 3 0  
421 .554  4 2 9 . 3 6 0  429.2C7 430 .036  410 .866  b11.698 

0 1 2 3 4 S 6 7 8 9 

@~egirtered Trademark 
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Curve NR-226, "F vs Absolute Q Curve NR-226, O F  vs Absolute R (Cont.) 

- 

F 

- 2 0 0  

- 1 9 0  
- 1 8 0  
-170  
- 1 6 0  
- 1 5 0  

- 1 4 0  
3  
- 1 2 0  
- 1 1 0  
- 1 0 0  

- 9 0  
- 8 0  
-70 
- 6 0  
- 5 0  

- * O  
-30 
-2C 
- 1 0  

C 

0  
10  
2C 
3J 
4 C  

5C 
6 0  
7 0  
e 0  
9C 

l 0 0  
:IG 
l 2 0  
13E 
1 4 2  

1 5 0  
1 6 0  
l 7 0  
l 8 0  
1 9 0  

2 0 0  
2 1 9  
2 2 0  
2 3 0  
2 4 0  

2 5 0  
2 6 0  
2 7 0  
2 8 0  
2 9 0  

0  
3 1 9  
3 2 0  
3 3 0  
340 

3 5 0  
3 6 0  
3 7 0  
38c  
3 9 0  - 
OF 

'F 0 l 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

183.359 

1 8 5 . 3 3 5  1 8 s . 1 3 7  1 8 4 . 9 3 8  184 .74n  1 8 4 . 5 * 2  I P , O . : ~ ~  184 .147  185 .953  1 8 3 . 7 5 3  183.556 
187 .332  l 8 7 . 1 3 1  1 8 6 . 9 3 1  186.731 1e6 .531  lP6.3E1 186 .131  1 8 5 . 9 3 2  185 .733  185 .539  
189 .350  189.118 188 .945  188 .143  188 .595  188.338 188 .131  l 8 l . 9 3 5  187.7:4 187.533 
191.391 191 .186  190 .981  1 9 0 . 7 7 6  190 .572  190 .168  190 .164  1 8 9 . 9 6 1  139 .757  189.553 
193 .453  193 .245  1 9 3 . 0 5 8  192 .812  192 .625  192.419 192 .213  1 9 2 . 0 0 1  191 .801  191 .596  

195.537 135 .328  195 .118  194.909 1 9 * . l C 1  194.492 19e .284  194 .076  193 .868  193.66n 
197.646 1 9 1 . 4 3 2  1 9 7 . 2 2 1  197.SP9 :96.798 196.588 196 .371  196 .167  195.957 195 .1b7  
199 .773  1 9 9 . 5 5 9  1 9 9 . 3 4 6  199 .132  198.91'  198.106 1 9 5 . * 9 3  1 9 1 . 2 8 0  198 .068  197 .856  
201 .926  2 0 1 . 7 1 0  201 .a93  201 .276  201 .062  200 .841  200 .632  200 .411  200 .202  199.988 
204 .101  2P3.683 203 .664  203 .4r6  253 .228  2C3.011 202 .793  202 .516  2C2.359 202 .142  

206 .301  2 0 6 . 0 8 0  2 0 5 . 8 5 9  205 .638  205 .418  205.198 204 .918  2 0 4 . 7 5 9  261.538 209 .320  
208 .523  208 .100  2081077  207 -854 201.631 207.409 207.187 2 0 6 . 9 6 5  2n6.7*3 2C6.522 
210 .770  210 .544  210 .319  210 .094  201.868 209.644 299 .419  209 .195  2C8.971 2 0 8 1 7 4 1  
213 .041  2 1 2 . 8 1 3  2 1 2 . 5 8 5  212.357 212.13n 2 1 1 . 9 ~ 3  211 .676  2 1 1 . 4 ~ 9  2 1 1 . 2 2 2  210 .996  
215 .336  2 1 5 . 1 3 6  21bmC75 2 1 4 . 6 e 5  214 .415  214 .186  2 1 3 . 9 5 6  2 1 3 . 7 2 7  213 .498  211 .269  

217.651 217 .423  2 l l . 1 9 1  216 .958  216 .126  216.493 216 .262  216.03F 215 .198  215 .567  
220 .052  219.156 2 1 9 . 5 3 1  219.296 219 .061  218.826 218 .592  2 1 8 . 3 5 1  218 .124  217.89P 
222 .372  222 .134  221 .896  221 .658  2 2 1 . 4 2 1  221.184 220.947 220.71C 22C.174 220 .238  
224.768 224 .527  224 .291  224 -147 223 .801  223.561 223.327 223 .088  222 .849  222 .611  
227 .190  226.947 226.153 226 .461  226.21P 225.976 225.734 225 .192  2 2 5 . 2 5 0  225 .039  

2 2 7 . 1 9 0  221 .433  227 .611  227 .521  228 .166  228 .410  228.655 2 2 8 . 9 0 1  229 .146  22?.3?2 
229 .638  229 .834  2 3 2 . 1 3 0  230.377 230 .624  23L.872 231 .119  231 .367  231 .615  211 .861  
232 .112  2 3 2 . 3 5 1  2 3 2 . 6 1 0  232 .859  2 3 3 . 1 3 9  253.359 233 .609  233 .861  214 .111  2 3 . ~ 3 6 2  
2 3 4 . 6 1 3  234 .864  2 3 5 . 1 1 6  235.169 235 .621  235 .873  236 .126  2 5 6 . 3 1 9  236 .633  236 .881  
237 .141  2 3 7 . 3 9 5  2 3 1 . 6 5 0  237 .904  2 3 9 . 1 5 9  218. .15 23P.670 2381926  2 3 9 . 1 8 3  239 .r39  

239 .696  2 3 9 . 9 5 3  240 .210  i$O.r68  2L0.125 240.981 2.1 .242 2 4 1 . 5 1 1  2 4 1 . 7 6 0  2*2.01? 
2 4 2 . 2 7 8  2*2 .5?e  2 4 2 . 7 9 8  243 .05Q 2 n 3 . 3 1 9  243.580 2 4 3 . e 4 l  2 0 4 . 1 0 3  2 a a . 3 6 4  246.626 
244 .889  245.15:  245 .114  245.677 245 .941  246.205 2 4 6 . 4 6 9  2q6 .733  2 4 6 . 9 9 7  247 .262  
2q7.527 247 .793  2 4 8 . ~ 5 8  218 .324  248mC91 2'8.851 249 .124  249.39:  249 .651  249 .926  
250 .194  2 5 0 . 4 5 3  2 5 0 . 1 3 1  251.0"0 251 .269  251.539 251 .808  2 3 2 . 0 7 8  2 5 2 . 3 4 9  252 .619  

2 5 2 . 8 9 1  253 .161  253 .433  253 .754  253 .976  254 .249  254 .521  254 .79*  2 5 5 . 3 6 8  255 .341  
255 .615  255 .889  2 5 6 . 1 6 3  256 .a38  256 .113  256.988 257 .264  251.5.0  2 5 7 . 8 1 6  258 .092  
258 .369  258 .6r6  258 .923  259.2:1 259 . .79  759 .757  260.L36 2 6 3 . 3 1 *  260 .594  260.813 
261 .155  261 .433  2 6 1 . 7 1 3  261 .954  262 .275  262.556 262.F37 2 6 3 . l l J  2 6 5 . a 0 1  263 .684  
263 .966  264.25C 264 .533  264.917 2 6 5 . 1 0 0  265.38: 265 .669  265.95Q 266 .239  266 .525  

266 .8 : l  267 .691  2 6 1 . 3 8 3  2 6 7 . 6 7 3  267 .957  268.244 268 .532  2 6 8 . 8 2 0  269 .108  269.396 
269 .685  2 6 9 . 9 7 5  2 7 0 . 2 6 4  212 .554  27P.844 271.134 211 .425  2 7 1 . 7 1 6  272.0C7 272 .299  
272 .591  272 .883  273 .176  2 1 3 . 4 6 9  213 .762  274.656 274 .550  214 .644  274 .938  275 .233  
275 .528  275 .824  2 7 6 . 1 1 9  216 .415  2 7 6 . 7 1 2  277.008 277 .305  2 7 7 . 6 0 3  2 7 7 . 9 0 1  278 .198  
278.*97 278 .795  279 .39% 279 .399  279 .6?1  279 .993  280 .293  2 8 0 . 5 9 4  280 .895  281 .196  

2 8 1 . 4 9 1  281 .799  282 .101  282.4P4 282 .721  283.01U 2 8 3 . 3 1 3  2 8 3 . 6 1 7  283 .921  284 .225  
2 8 4 . 5 3 0  284 .836  285 .141  2 8 5 . V 7  2 8 5 . 7 5 5  286.059 286 .166  2 8 6 . 6 7 3  2 8 6 . 9 8 0  287 .288  
287 .596  281 .914  288 .213  288 .522  288.83:  289.191 289. .51 280 .162  290 .012  290.383 
290.695 291 .607  291 .319  291.631 291.9.4  292.257 292 .510  292 .884  2 9 3 . 3 9 8  293 .512  
2 9 3 . 8 2 7  294 .1 .2  29+ .457  296 .773  295 .388  295 .406  295 .122  296 .039  296 .357  296 .675  

296 .993  297 .311  2 9 7 . 6 3 0  297 .949  298 .269  298.588 298 .509  2 9 9 . 2 2 9  2 9 9 . 5 5 0  299 .871  
300 .193  1 2 0 . 5 1 5  300.837 301 .159  3 0 1 . 4 8 2  'CI.806 302 .129  132 .453  302 .711  301.102 
303.427 303 .753  3U4.078 304.4ra 3rr4.731 305.051 305.384 3 0 5 . 7 1 2  306.04C 3C6.368 
306.696 317 .025  301.35. 307 .684  3 3 8 . 5 1 1  3C8.344 508 .675  3@'.006 3 0 9 . 3 3 7  300.669 
310 .101  3 1 0 . 3 3 3  310.666 310 .999  3 1 1 . 1 3 3  311.666 312 .001  312 .335  312 .670  113 .005  

3 1 3 . 3 l l  313 .677  3 1 4 . 0 1 3  314 .350  314.687 315 .025  315.362 315 .100  316 .039  316.378 
316 .117  3 1 7 . 0 5 7  3 1 7 . 3 9 1  317 .737  318 .078  318.419 3 1 8 . 1 6 0  319 .102  3 1 9 . * r *  319 .787  
3 2 0 . 1 3 0  320 .473  320.816 321 .163  321 .515  ? 2 l . 8 5 0  322 .195  322 .560  522.8P6 323 .232  
323 .579  3 2 3 . 9 2 6  324.273 324.621 324 .969  725 .311  325.666 326 .015  326 .355  326 .715  
327 .165  327.416 327 .767  328 .118  3 2 8 . 4 7 0  328.822 329 .115  329 .528  3 2 9 . 8 8 1  330.:35 

330.589 3Y0.94L 351 .298  331.654 332 .009  332.365 332 .722  33? .078  333 .436  333.193 
334.151 134 .529  354.868 335 .227  3 3 5 . 5 8 7  135 .946  336.501 336 .667  331.028 357.59: 
337-751  338 .114  338.476 338 .839  3 3 9 . i 1 2  539.566 339 .930  349 .295  3 4 0 . 6 6 0  391 .025  
341 .390  3 * ~ . 7 5 7  ~ 4 z . 1 2 3  342.ba0 312.85.7 3 ~ 3 . 2 2 5  361 .593  3.3.961 3 4 4 . 3 3 0  ~ ~ 0 . 6 9 9  
315 .069  315 .439  345 .819  346 .180  ~ 4 6 . 5 5 1  346.923 317 .295  397 .661  348 .040  34R.*13 

0 1 2 3 4 5 6 7 8 9 

400 
416 
*2C 
43! 
4 4 t  

150 
46C 
G l h  
480 
19P 

5n0 
5 1 0  
5 2 0  
5 3 1  
5 4 0  

55C 
56E 
5 7 0  
5 8 0  
5 9 0  

6 0 0  

F 

RESISTANCE IN ABSOLUTE OHMS 

348 .787  349 .161  349 .535  3.9.910 35C.285 350.661 351 .637  351 .413  351 .190  352.167 
352.545 352 .923  353 .301  353 .680  354 .059  354.439 354 .819  355 .199  355 .580  355.562 
356.343 356 .725  351.109 357.491 357.814 358.258 358 .642  350.027 359 .411  559.797 
360 .183  3 6 0 1 5 6 9  360.956 Z61.343 361 .130  362.118 362.516 362 .895  363 .284  363.674 
364 .363  364 .454  3 6 4 . 8 4 5  365.216 365 .627  366.020 366.U12 366 .805  361 .198  361.592 

361.986 3 6 8 . 3 8 1  368.776 369.171 369 .567  369.963 310 .360  370 .757  371 .155  371.553 
371 .951  312 .350  3 1 2 . 7 4 9  373 .199  373.5)9 ?13.949 374 .350  371 .152  375 .154  375.556 
375.959 376 .362  316 .165  377.169 317 .514  371.978 318 .381  378 .189  379.196 379.632 
1 8 0 . 0 0 9  380 .417  380 .825  381.233 381 .642  382.051 382 .461  382.P71 383.2P1 383.692 
384.104 344.516 384 .928  3P5.541 385.754 3e6.167 386.581 386.996 3 8 7 . a l l  187.826 

338.242 3 8 8 . 6 5 9  389 .015  389.*52 389 .910  590.328 39C.147 591 .166  391 .585  392.005 
392.425 392.846 3?33.261 393.669 394.111 394.531 394 .951  3951380  395.PBI 395.229 
396.654 397 .379  397.5C5 397.931 398.258 398.785 398.212 3 9 9 . 6 4 0  400 .069  900.498 
a~!!.927 4 . ~ 1 . 3 3 1  4 ~ 1 . 7 8 8  an2.218 r w . t 5 o  r 0 3 . o e l  403 .514  ac3 .946  4 0 4 . 3 7 3  ~ 0 4 . 8 1 3  
UU5.247 435 .682  406 .117  6 0 6 . 5 5 2  4~'6.98B a07.624 401 .861  L9e.299 4 9 8 . 1 3 6  409.115 

4C9.613 b10 .053  410 .492  blD.912 411 .373  & I 1 . 8 1 *  412 .256  412 .698  415 .140  &1? .583  
414 .227  + 1 4 . 4 1 1  414 .915  *15 .?68  415 .895  416.251 416 .698  b17.144 4 1 7 . 5 9 2  b l 8 . i 3 ?  
4 1 9 . 4 8 8  4 1 8 . 9 3 6  419 .386  419 .835  629 .285  425.736 421 .187  b21 .639  422.U91 *22.5** 
422.997 4 2 3 . 4 5 0  423.9.94 q24.359 424 .814  $251269 425 .125  426 .182  4 2 6 . 6 3 9  427.096 
421.559 428 .313  428.412 428 .931  429.391 429.851 41.0.312 43C.774 4?1 .?36  q31.698 

*32 .161  

0 l 2 3 4 5 6 7 8 9 
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DIN PLATINUM RTD TEMPERATURE-RESISTANCE TABLES 
Curve PR-238 ("C vs Absolute R) and Curve PR-239 (OF vs Absolute Q) 

The values listed in these tables were calculated using the equations found in Foxboro Drawing 10104MU. Temperature 
Calibration Sources. 

Curve PR-238, "C vs Absolute R 

Printed in England 

"C 

-22E 
- 2 1 2  
2  

C 
- 1 8 0  
l 
- 1 6 0  
-15C 

4  
- 0  
- 1 2 0  
- 1 1 0  
- 1 0 0  

-90  
- 8 0  
-10  
- 6 0  
-50  

-a0  
-3C 
- 2 0  
- l C  

0  

0  
1P 
2 f  
30 
+ P  

5 1  
6 1  
7 9  
80  
9 0  

I n 1  
1 1 0  
1 2 0  
1 3 1  
1 4 0  

15;  
I 6 0  
1 7 0  
1 8 0  
1 9 0  

2 6 0  
2 1 0  
2 2 0  
2 3 0  
2 4 0  

2 5 0  
26C 
2 1 0  
2 8 0  
2 9 1  

"C 

DIN = Deutsches lnstitul fur Normung 

@ 1982 by The Foxboro Company 

0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

10.'08 
14 -36 :  13 .951  1 3 . 5 4 6  13 .1*5  1 2 . 7 4 6  1 2 . 3 5 0  1 1 . 9 5 5  11 .565  1 1 . 1 7 7  1 0 . 7 9 3  
1 8 . 5 3 1  l8 .1 :9  1 7 . 6 8 9  17 .268  1 6 . 8 4 9  16 .429  1 6 . 0 1 2  1 5 . 5 9 5  1 5 . 1 8 2  l e e 7 6 9  

2 2 1 7 8 2  2 2 - 3 5 ,  2 1 . 9 2 8  2 1 . 5 0 1  2 ? . 0 7 3  2 0 . 6 * 6  20 .221  1 9 . 7 9 6  1 9 . 3 7 3  1 8 . 9 5 0  
27 .049  2 6 . 6 2 3  26 .197  25 .771  25 .3b5  2 4 . 9 1 8  2 a . 0 9 2  24 .064  2 3 . 6 3 7  2 3 . 2 3 9  
31 .280  1 0 . 8 5 9  3 3 . 4 3 7  30.015 29 .592  29.169 28 .746  2 8 . 3 2 2  2 7 . 8 9 8  2 7 . 4 7 3  
35.478 35 .050  3 4 . 6 4 1  34 .222  3 3 . 8 0 3  33 .383  32 .963  ?2 .545  5 2 . 1 2 2  31 .701  
39 .651  39.234 38 .818  3 8 . 4 0 1  37 .9?4  37 .567  3 7 . 1 5 0  36 .732  3 6 . 3 1 5  3 5 . 8 9 7  

43 .802  43 .387  4 2 . 9 7 3  42 .559  41 .144  a l . 7 2 9  l 40 .898  4 0 . 4 8 3  40 .067  
47 .932  4 1 . 5 2 0  4 7 . 1 0 7  46 .695  * 6 . 2 8 2  45 .869  *5 .456  4 5 . 0 1 3  4 4 . 6 2 9  44 .215  
52 .041  31 .631  5 1 . 2 2 1  50 .811  5C.a00 49 .989  4 9 . 5 7 8  *9 .167  4 8 . 7 5 5  4 8 . 3 4 *  
56 .131  5 5 . 7 2 2  5 5 . 3 1 4  54.906 5 4 . 4 9 7  5 4 . 0 8 8  5 3 . 6 7 9  53 .270  5 2 . 8 6 1  5 2 . 4 5 1  
60 .201  59 .794  5 9 . 3 8 8  5 8 . 9 8 2  5 8 . 5 7 5  58 .168  5 7 . 7 6 1  5 1 . 3 5 4  5 6 . 9 4 6  56 .538  

6 4 . 2 5 2  63 .847  6 3 . 4 4 3  63 .038  6 2 . 6 3 4  6 2 . 2 2 9  61 .823  6 1 . 4 1 8  6 1 . 0 1 2  6 0 . 6 0 7  
68 .282  6 7 . 8 8 0  6 7 . + 7 8  67.075 6 6 . 6 7 3  66 .270  6 5 . 8 6 6  6 5 . 4 6 3  6 5 . 0 5 9  6 4 . 6 5 6  
72.291 7 1 . 8 9 2  1 1 . * 9 1  71.E91 7 0 . 6 9 0  70 .290  64 .889  6 9 . 4 8 7  6 9 . 0 8 6  68 .68a  
76 .279  7 5 . 8 8 2  7 5 . 4 8 3  7 5 . 0 8 5  7 4 . 6 ? 7  74 .288  73 .889  7 3 . * 9 0  7 3 . 0 9 1  7?.691 
8 0 . 2 5 1  7 9 . 8 5 4  79a .57  7 9 . 0 6 1  7 8 . 6 6 4  78.267 7 7 . e 7 1  7 7 . 4 7 2  7 7 . 0 7 5  7 6 . 6 7 7  

8 4 . 2 1 2  83 .816  8 3 . * 2 0  83.OZI 82 .628  e 2 . 2 3 2  8 1 . 8 3 6  P l . 4 3 9  8 1 . 0 9 3  83 .607  
88 .170  8 7 . 7 7 4  87 .378  86 .983  8 6 . 5 8 7  86 .191  8 5 . 7 9 5  e 5 . 3 9 9  85.C93 8 4 . 6 0 7  
92 .127  9 1 . 7 3 1  9 1 . 3 3 6  90 .940  90.5.5 '3.199 8 9 . 7 5 3  8 9 . 3 5 7  9 8 . 9 6 2  8 8 . 5 6 6  
96 .072  9 5 . 6 7 9  9 5 . 2 8 5  9 4 . 8 9 1  9 4 . 4 9 6  9a .102  93 .707  9 3 . 3 1 2  9 2 . 9 1 7  9 2 . 5 2 2  

130.E30 9 9 - 6 3  9 9 . 2 1 6  98 .823  9 8 . 4 3 1  98 .138  97 .645  9 7 . 2 5 3  9 6 . 8 5 9  9 6 s . 6 6  

100 .090  1 0 0 . 3 9 1  100 .781  1 0 1 . 1 7 2  1 0 1 . 5 6 2  101 .952  1 0 2 . 3 4 3  1 0 2 . 7 3 3  1 0 l . 1 2 3  1 0 3 . 5 1 2  
103 .902  1 0 4 . 2 9 2  1 9 4 . 6 8 1  1C5-070  1C5 .460  105 .869  106 .238  1 0 6 . 6 2 7  1 0 7 . 0 1 5  1 0 7 . 4 0 4  
107 .793  1 0 8 . 1 3 1  138 .569  108.?57 1 0 9 . 3 ~ 5  1 0 9 . 7 3 3  1 1 0 . 1 2 1  l i 0 . 5 0 ~  1 1 0 . e 9 ~  1 1 1 . 2 8 4  
111.67:  112 .059  112 .*46  1 1 2 . 8 3 3  113 .220  113 .607  113 .993  1 1 4 . 3 8 0  1 1 4 . 7 6 6  1 1 5 . 1 5 3  
115 .539  1 1 5 . 9 2 5  ? 1 6 . 3 1 1  116 .697  117 .983  117.*68 117.85a 1 1 8 . 2 3 9  1 1 8 . 6 2 4  1 1 9 . 0 1 7  

1 1 9 . 3 9 5  1 1 9 . 7 ? @  1 2 0 . 1 6 4  125 .549  1 2 0 . 9 3 4  1 2 1 . 3 1 8  1 2 1 . 7 0 2  1 2 2 . 0 8 7  1 2 2 . 4 7 1  1 2 2 . 8 5 5  
123 .239  123 .613  1 2 4 . 0 0 6  124 .390  1 2 4 . 7 7 3  125.:51 125 .540  1 2 5 . 9 2 3  1 2 6 . 3 0 6  126 .689  
127.971 127 .454  127 .837  128 .219  128 .631  128.98: 1 2 9 . 3 6 5  1 2 9 . 7 4 7  1 3 0 . 1 2 9  139 .511  
13C.893 131 .274  1 3 L . 6 5 5  132 .037  1 5 2 . 4 1 8  132.799 1 3 3 . 1 8 3  1 3 3 . 5 6 0  1 3 3 . 9 4 1  1 3 4 . 3 2 2  
131 .712  135 .J62  1 3 5 . 4 6 3  1 3 5 . 8 1 3  136.2ZJ 136 .602  1 3 6 . 9 8 2  1 3 7 . 3 6 2  1 3 7 . 7 4 1  13P .121  

138.50C 1 3 8 . 8 7 9  139 .258  139 .637  lbO.316 140 .395  l rO.773  l a l . 1 5 2  1 . 1 . 5 3 0  1 4 1 . 9 0 8  
142.286 1 4 2 . 6 6 *  1 * 3 . 3 * 2  143 .420  1 4 3 . 7 9 8  1a4 .175  l b 4 . 5 5 3  1 4 4 . 9 3 0  1 .5 .307  1 .5 .681  
1 4 6 . 9 5 1  I*6.VJ8 1 4 6 . 8 1 5  147 .111  167 .568  147.946 148 .320  1 4 8 . 6 9 7  1 1 9 . 3 7 3  1b9 .&49  
144 .824  1 5 0 . 2 0 0  153 .576  150 .951  151 .326  151 .702  152 .077  152 .452  1 5 2 . 8 2 7  153 .201  
153 .576  1 5 3 . 9 5 1  1 5 * . 3 2 5  1 5 4 . 6 9 9  1 5 5 . 0 7 3  155.b4e 155 .822  3 5 6 . 1 9 5  3 5 6 . 5 6 0  156 .9 .3  

1 5 7 . 3 1 6  1 5 7 . 6 9 0  1 5 8 . 0 6 3  158 .436  1 5 8 . 8 0 9  159 .182  1 5 9 . 5 5 5  1 5 9 . 9 2 7  1 6 0 . 3 0 0  1 6 0 . 6 7 2  
161 .0*5  1 6 1 . 4 1 7  161 .789  162 .161  1 6 2 . 5 3 3  162 .905  163 .276  163.6 .8  1 6 1 . 0 1 9  164 .391  
16* .762  1 5 5 . 1 3 3  165 .594  165 .875  1 6 6 . 2 4 5  166.616 156 .986  1 6 7 . 3 5 7  1 6 7 . 7 2 1  1 6 8 . 0 9 7  
368 .467  1 6 8 . 8 3 7  1 6 9 . 2 0 7  169 .576  169 .9 .6  171.315 170 .685  1 7 1 . 0 5 a  1 7 1 . 4 2 3  1 7 1 . 7 9 2  
1 7 2 . 1 6 1  1 7 2 . 5 3 0  1 7 2 . 8 9 8  173 .267  173 .635  1 7 * . 0 0 3  174 .372  1 7 4 . 7 a 0  1 7 5 . 1 3 8  1 7 5 . 9 7 5  

175 .843  1 7 6 . 2 1 1  116 .578  176 .9*6  1 7 7 . 3 1 3  177 .680  178.0*7 178 .b14  1 7 8 . 7 8 1  179 .1 .1  
179 .514  1 7 9 . 8 8 0  180 .247  1 8 0 . 6 1 3  1 8 3 . 9 7 1  181-3.5  181 .711  1 8 2 . 0 7 6  l 8 2 . . r 2  182.8U8 
183 .173  183 .538  183 .903  18b .268  1 8 4 . 6 3 3  184 .998  1 8 5 . 3 6 3  l E 5 . 7 2 7  l R 6 . 0 9 ?  1 8 5 . 4 5 6  
1 8 6 . 8 2 1  1 8 7 . 1 9 5  187 .5*9  1 8 7 . 9 1 3  188 .276  188.6.0 IP9.001 : 8 9 . J 6 7  1'9 .710 1 9 0 . 9 9 3  
1 9 0 . 4 5 7  1 9 0 . 8 1 9  1 9 1 . 1 8 2  1 9 1 . 5 4 5  191 .908  192 .270  192 .633  1 9 2 . 9 9 5  1 9 3 . 3 5 7  1 9 3 . 7 1 9  

1 9 4 . 0 8 1  1 9 4 . 4 4 3  1 9 4 . 8 0 4  195 .166  1 9 5 . 5 2 7  195 .889  1 9 6 . 2 5 0  1 9 6 . 6 1 1  1 9 6 . 9 7 2  1 9 7 . 3 3 3  
197.69. 1 9 8 . 0 5 4  1 9 8 . 4 1 5  198 .775  199 .156  199 .496  1 9 9 . 8 5 5  2 0 0 . 2 1 6  2 0 0 . 5 7 6  2 0 3 . 9 3 5  
2 0 1 . 2 9 5  20k .655  2 0 2 . 0 1 4  2 0 2 . 3 7 3  2 0 2 . 7 3 2  203 .091  2 0 3 . 4 5 0  2 3 5 . 8 0 9  2 0 4 . 1 6 8  2 0 4 . 5 2 6  
2 0 4 . 8 8 5  205 .2 .3  2 0 5 . 6 0 1  2 0 5 . - 5 9  2 3 6 . 3 1 7  2 e 6 . 6 7 5  2 0 7 . 0 3 3  2 0 7 . 3 9 1  2 0 7 . 7 4 8  2 0 8 . 1 0 6  
208 .463  2 0 8 . 8 2 0  2 0 9 . 1 7 1  209 .53 .  2 ? 9 . 8 9 1  210.2 .8  210 .604  2 1 0 . 9 5 1  2 1 1 . 3 1 7  2 1 1 . 6 7 3  

0 1 2 3 4 5 6 7 8 9 
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Curve PR-238. "C vs Absolute Q (Cont.) Curve PR-239, O F  vs Absolute R (Cont.) 

I -C I 
0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

'F 

900  
9 1 1  
9 2 6  
930  
9 4 0  

950  
960  
9 7 0  
9 8 0  
990  

l 0 0 0  
l C l C  
1020  
1C3O 
l 0 4 0  

1050  
lC6C 
1P7? 
I c e 9  
1 ~ 9 0  

?IdC 
l 1 1 1  
112E 
1 1 3 0  
1140  

1 1 5 1  
1 1 6 0  
117C 
1 1 8 0  
1 1 9 0  

1 2 0 1  
1 2 1 0  
1 2 2 0  
2 0  
1 2 4 1  

1255  
1 2 6 0  
1270  
128P 
1 2 9 0  

1300  
1 3 1 0  
1 3 2 0  
1 3 3 0  
1 3 4 0  

1350  
1 3 6 0  
1 3 1 0  
1 3 8 0  
1 3 9 0  

l 4 0 0  
1 4 1 0  
1 4 2 0  
1 4 3 0  
1440  

1 4 5 0  
1 4 6 0  
1 1 7 0  
1 4 8 0  
1 4 9 0  

1500  
1510  
1 5 2 0  
1 5 3 1  
1 5 4 0  

1 5 5 0  
1 5 6 0  

F 
L 

0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

274.995 215 .181  275.367 275.553 275 .739  275.925 216 .111  276.296 276 .482  276.668 
216.854 2 7 1 . 0 4 0  117 .225  277.411 177.597 217.782 217.968 278 .153  278 .339  278.524 
278 .710  271 .895  2 7 9 . 0 8 0  279 .266  279 .*51  279.636 279.821 280 .007  283 .192  280 .371  
280.562 2*0.7$7 280 .932  281 .117  281 .302  281.487 281.671 281 .856  282.0U1 ZP2.226 
282 .410  282.595 282 .780  282.96a 283.149 283 .333  283.518 283 .702  2e3 .887  284.071 

284 .255  2 8 4 . 4 4 0  28b .624  284.808 28b .992  285.177 285 .361  285.545 285 .729  285.913 
286.097 2 8 6 . 2 8 1  286 .465  286 .649  286.832 287.016 287 .200  287 .384  287 .568  287 .751  
287 .935  288 .118  288 .302  288.b85 288 .669  288.852 289.036 219.219 289 .403  289.586 
289.169 289 .952  290 .136  2 9 0 . 3 1 9  290 .502  290.685 290.868 291 .051  291 .23 .  291.b17 
291 .600  2 9 1 . 7 8 3  2 9 1 . 9 6 6  292 .148  292 .331  292.514 292.697 292 .879  293 .062  293 .245  

293.427 293 .610  293 .792  293.975 294 .157  29a.339 294.522 294.704 294 .886  295.069 
295 .251  295 .431  295 .615  295 .797  295.979 296.161 296.343 296 .525  296 .717  296.889 
297 .071  2 9 1 . 2 5 3  291 .434  297 .616  297 .798  297.979 298.161 2 9 8 . 3 4 3  298 .524  298.706 
298.887 299 .069  299 .250  299 .431  299.613 299.194 299.975 300.157 100 .338  300.519 
300.700 390.881 331.062 301.243 301.424 301.6C5 301 -786 301.967 302.1b8 302.329 

302.509 362 .690  302.871 303.052 3b3 .232  303.413 303.593 303 .774  303 .954  301.135 
314.115 364 .496  104.676 301 .e56  305.037 305.217 305.391 305 .577  305 .757  3c5.937 
3CCb.l17 3 ? 6 . 2 9 1  336.477 306.657 306.837 317.017 307.197 307.177 397.557 307.736 
307 .916  3 ~ 8 . ~ 9 6  308 .275  308 .455  3c8 .635  308.814 ~ 0 e . 9 9 4  309 .173  319 .352  399.532 
309.711 3 0 9 . 8 9 0  3 1 0 . 0 7 0  310.2r9 310.429 310 . to7  310.786 310.966 I .  3 1 1 . 3 2 ~  

311.513 3 1 1 . 6 3 2  311.661 312 .039  312.218 312.397 312.576 312 .755  312 .933  313.112 
313.291 3 1 3 . 4 5 9  3 1 3 . 6 I 8  313.826 314 .195  3 1 4 . l e 3  314.362 314.5.0  314.718 314.897 
315 .175  5 1 5 . 2 5 3  315 .431  315 .619  315.788 315.966 316.144 316.322 316 .500  316.678 
315.856 l '17.211 317.389 317.567 317.745 317.922 J l e . 1 0 0  3131278 318.455 
318.633 3 1 8 . 8 1 0  318.938 319 .165  319.343 319.520 319.691 319.875 3 2 0 . 0 5 2  320.229 

323 .401  320.584 321 .761  320.938 321 .115  321.292 321.469 321 .6*6  3 2 1 . 8 2 1  322 .003  
322.177 322.353 3 2 2 . 5 3 0  322.737 322 .884  323.060 323.237 323 .413  523 .590  323.767 
323.945 324 .123  324.296 324 .472  32q.648 324.825 325.031 325 .117  325.354 325 .530  
325.706 325.882 326.058 326.234 3 2 6 . 4 1 0  326.586 326 .762  326.938 327.114 327.290 
327.465 321.641 327 .817  327.992 329.168 328.344 328.519 328 .695  328 .870  3 2 9 . 0 l 6  

329.221 3 2 9 . 3 9 7  329 .572  329 .747  329.922 330.018 330.213 330 .*48  330 .623  331.198 
330.573 33S. lkP 331 .323  231.*9P 331 .673  331.818 332 .?23  332.198 332 .373  332.5b7 
332.722 332.897 3 3 3 . 0 7 1  233.216 333 .423  133.595 333.769 333.9b* 334.118 334 .293  
334.467 334 .6*1  334.816 334 .993  :35.164 335.338 335.512 335.681 335.861 336.035 
336.209 ' 3 3 6 . 3 8 3  336 .556  356 .730  336.901 337.078 337.252 337 .425  337 .599  331.773 

337.9&7 3 3 8 . 1 2 0  338.294 338 .467  338.641 338.81* 33e .988  339 .161  339.334 319.508 
339.681 339 .854  5 4 1 . 0 2 7  340.210 340 .374  340.547 340.126 340 .893  341 .066  341 .239  
311.412 341 .585  341 .757  341 .930  342.103 542.276 342.4*8 342 .621  342 .794  342.966 
343.139 343 .311  343 .484  343.656 343 .829  344.OC1 l"4 .173  344.346 3"*.518 344 .690  
344.861 345 .035  345.207 315 .379  345.551 345.723 345.895 3.6.067 3q6.239 316 .411  

346.583 346 .754  346.926 347.098 341 .270  347.441 341.613 341 .785  347.956 3.8.128 
348.299 348.471 348 .642  348.813 3U8.985 349.156 349.327 349.498 3 4 9 . 6 7 0  319.841 
350.012 35'0.183 350.354 350.525 550.696 353.867 351.038 5 5 1 . 2 0 9  351.380 351.551 
351.121 351 .892  352 .053  352.23.  352.404 352.575 352.745 352.916 353.086 353.257 
353.427 353.598 353.768 353 .938  35a .109  35*.279 354.449 354 .619  354.789 35a.959 

355 .129  355.299 355 .469  355.639 3 5 5 . 8 0 9  355.979 356.149 356 .319  3 5 6 . 4 8 s  356.658 
356.828 356 .998  357.167 357.337 357 .507  357.676 357.846 ? 5 8 . 3 1 5  358.184 358.35. 
358 .523  35B.692 358 .862  359.031 359 .200  359.369 359.539 353 .108  359.877 360.046 
360.215 360.384 360 .553  360 .721  360 .890  361.059 361.228 361.391 361 .565  361.734 
361.903 362 .011  362 .240  362.408 362.517 362.745 362.11. 363 .082  363.250 363.419 

363 .587  363.155 363 .923  36'.092 364 .260  364.b28 364.596 364 .164  364 .932  365 .100  
365 .268  365.436 365 .604  365 .711  365 .939  366.107 366.275 366 .142  366 .610  366.178 
366.945 367 .113  3 6 7 . 2 8 0  361.447 367 .615  367.792 361 .950  368.117 368 .284  368.452 
368.619 368 .786  368 .953  3 6 9 . 1 2 3  369.287 169.454 369.621 369.188 369 .955  375.122 
310.289 370.456 370 .622  370 .789  370.956 371.122 371.289 371 .*56  371 .622  371.789 

371.955 372 .122  372.288 372.455 312 .621  372.787 372.953 373 .120  313.286 313.452 
373.618 373 .784  373.951 374.116 374 .282  374.*48 31a.614 374 .780  374 .9*6  375.112 
375.278 375.443 3 7 5 . 6 0 9  375.775 315 .960  376.106 376 .272  375.431 316 .603  376.168 
376.933 371 .099  371.264 311 .430  311 .595  117.760 377.925 378 .090  378.256 378 .421  
378.586 37e.751 378.916 379.081 379.2.6 J79.411 319.575 379.740 379.905 380.979 

380 .234  380 .399  380.56* 380.728 380 .893  381.057 381.222 381.386 381 .551  381.715 
381 .880  382 .044  382.208 382.372 382.537 382.701 382 .865  383 .029  383.193 383.351 
383.521 393.685 383 .849  384 .013  384.171 384.310 384.504 384.669 3P4.832 38a.995 
385 .159  385 .323  385e.86 385 .650  385 .813  185.917 386 .140  386 .303  386 .461  386.630 
386 .793  386.957 387 .120  387.283 387.4a6 387.609 387.712 381 .935  388 .098  3P8.261 

388.424 388 .581  388 .751  388 .913  3A9.016 389.238 389.401 389.564 389.726 389.889 
390 .051  

0 1 2 3 4 5 6 7 8 9 
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Curve PR-239, "F vs Absolute Q 

'F 

- 3 6 0  
- 3 5 0  

C 
-33:  
- 3 2 6  
- 3 1 0  
- 3 0 0  

- 2 9 0 -  
- 2 8 0  
-27C 
- 2 6 0  
-25C 

- 2 4 0  
- 2 3 0  
- 2 2 0  
- 2 1 0  
- 2 0 0  

- 1 9 0  
- 1 8 0  
l 0  
l 
- 1 5 0  

0  
3 0  
- 1 2 0  
- 1 1 0  
- 1 0 0  

- 9 0  
- 8 0  
- 7 0  
- 6 0  
-50  

-40  
-30  
-20  
-10 

0  

0  
l ?  
2 0  
3C 
4  

5G 
6 0  
l 0  
8 0  
90  

l 0 0  
I I O  
1 2 0  
1 3 0  
I 4 0  

1 5 0  
1 6 0  
1 1 0  
1 8 0  
1 9 0  

2 0 0  
2 1 0  
2 2 0  
2 3 0  
24C 

OF 

0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

1 1 . 2 6 3  
1 1 . 4 5 7  1 3 . 2 1 4  13 .011  12 .791  1 2 . 5 1 0  1 2 . 3 5 0  12 .131  11 .912  1 1 . 6 9 5  l l . u l 9  

1 5 . 1 3 5  15 .513  15 .213  15 .045  1 4 . 8 1 6  14 .587  1a .359  1 4 . 1 3 3  1 3 . 9 0 7  13 .681  
18 .262  1 7 . 8 2 9  1 7 . 5 9 6  11 .362  1 1 . 1 2 9  16 .895  16 .662  1 6 . 4 3 0  1 6 . 1 9 e  15 .966  
2 0 . 4 0 8  2 6 . 1 7 2  1 7 . 9 3 6  19 .100  IP .462  19.229 18 .992  1 8 . 1 6 1  1 8 . 5 2 7  18 .296  
2 2 . 1 8 9  22.5 .3  2 2 . 3 0 5  2 2 . 3 6 1  2 1 . 8 3 0  21 .592  21.354 2 1 . 1 1 9  23 .882  21.6bO 
2 5 . 1 5 3  2 4 . 9 1 6  2 a . 6 1 8  24 .a39  20.2OI 23.968 23 .729  2 3 . 4 9 1  2 3 . 2 5 4  2 2 . 3 1 1  

2 7 . 5 1 9  2 7 . 2 8 4  27 .049  26 .811  2 6 . 5 1 3  26.358 26 .699  2 5 . 8 6 4  2 5 . 6 2 1  25 .390  
2 9 . 8 7 3  2 9 . 6 3 8  2?.+01 29 .169  28 .932  28 .691  28.462 2 8 . 2 2 7  21.99C 27 .155  
32 .214  3 1 . 9 8 1  31 .141  3 1 . 5 1 2  3 1 . 2 8 0  ? l - C 1 5  30.811 30 .576  3 0 . 3 l l  36 .107 
3 4 . 5 6 7  34 .315  34 .082  33 .848  3 3 . 6 1 5  33 .583  33 .149  3 2 . 9 1 5  3 2 . 6 8 2  3 2 . 4 4 9  
36 .811  36.639 3 6 . 4 0 1  36 .115  5E.942 15 .710  35.478 3 5 . 2 4 6  3 5 . 6 1 2  3 4 . 1 8 0  

39 .188  3 8 . 9 5 1  38.125 38 .493  3 8 . 2 6 2  38.03C 31.798 37 .567  3 1 . 3 3 5  31 .103  
4 1 . 4 9 8  4k .267  4 1 . 0 3 6  40.835 4 0 . 5 1 5  40 .313  *0 .113  3 9 . 8 8 2  3 9 . 6 5 1  39 .419  
43 .802  4 3 . 5 7 1  4 3 3 4 1  43 .111  4 2 . 9 8 1  4 2 . 6 5 0  4 2 . 4 2 0  4 2 . 1 8 9  1 1 . 9 5 9  a 1 . 7 2 9  
46 .098  45 .869  45 .640  a 5 . 4 1 6  4 5 . 1 8 0  44 .951  4 1 2 1  0 4 . 4 9 1  r 4 . 2 6 1  4*.C31 
48 .389  0.9.160 4 1 . 9 3 2  47 .102  41 .414  b7.245 4 7 . 0 1 5  $ 6 . 1 8 6  4 6 . 5 5 1  $6 .528  

50 .674  5 0 . 4 4 5  5 0 . 2 1 1  *?.P89 4 9 . 7 6 1  4 9 . 5 3 2  41 .301  4 9 . 0 1 5  4 8 . 8 1 7  4 8 . 6 1 8  
52 .952  52 .720  5 2 . 4 9 6  52 .265  5 2 . 0 1 1  51 .813  51 .585  51 .358  5 1 . 1 3 0  5 0 . 9 0 2  
5 5 . 2 2 3  5 4 . 9 9 6  5 4 . 1 6 9  5 + . 5 4 3  54 .315  54 .088  53 .861  53 .63a  5 3 . 4 3 6  5 3 . 1 1 9  
57m.89 5 7 . 2 6 3  5 1 . 0 3 1  56 .810  5 6 . 5 8 b  56 .351  56 .130  55 .904  5 5 . 6 7 1  5 5 . 4 5 3  
59 .149  59 .524  59 .298  59 .012  58 .846  5 8 . 6 2 3  58.394 58 .168  5 1 . 9 4 2  5 1 . 1 1 6  

62 .003  61 .778  6 1 1 5 5 3  61 .328  6 1 . 1 0 3  60 .877  6 0 . 6 5 2  60 .426  6 9 . 2 0 1  5 9 . 9 1 5  
6 4 . 2 5 2  6 4 . 0 2 1  6 3 . 8 0 2  63 .518  6 3 . 3 5 3  6 3 . 1 2 8  62 .903  6 2 . 6 1 9  6 2 . 4 5 4  6 2 . 2 2 9  
6 6 A 9 3  6 6 . 2 1 0  6 6 . 0 4 6  65.822 65 .598  6 5 . 3 7 3  65 .149  6 4 . 9 2 5  6 4 . 1 0 0  6 4 . 4 1 6  
68 .729  68 .506  6 8 . 2 8 2  68 .059  6 1 . 8 3 6  61 .612  61 .388  61 .165  6 6 . 9 4 1  66 .111  
70 .958  70 .135  7 3 . 5 1 2  70 .290  1 9 . 0 6 1  69 .84a  6 9 . 6 2 1  6 9 . 3 9 8  6 9 . 1 7 5  6 8 . 9 5 2  

1 3 . 1 1 9  '12.958 1 2 . 1 3 6  12 .514  1 2 . 2 9 1  12 .069  1 1 . 8 4 7  1 1 . 6 2 5  11 .4C2  7 1 . 1 8 0  
75.395 75.114 7 4 . 9 5 2  74 .731  74 .508  1 . ~ 2 8 8  74 .066  1 3 . 8 4 5  7 3 . 6 2 3  7 3 . 1 0 1  
17 .605  71.384 1 7 . 1 6 3  7 6 . 9 4 2  1 6 . 7 2 1  16.5CC 76.279 1 6 . 0 5 8  1 5 . 8 3 1  7 5 . 6 1 6  
19 .810  1 9 . 5 8 9  1 9 . 3 6 9  79mlr9  18 .128  18 .108  7 8 . 1 8 7  1 8 . 2 6 7  1 8 . O l 6  7 1 . 8 2 5  
82 .012  81 .192  8 1 . 5 7 2  81 .351  8 1 . 1 3 1  L3.911 8 0 . 6 9 1  e 0 . 4 1 1  8 0 . 2 5 0  80 .039  

8 4 . 2 1 2  8 3 . 9 9 2  8 3 . 1 1 2  83 .552  8 3 . 3 3 2  8 3 . 1 1 2  8 2 . 8 9 2  8 2 . 6 7 2  8 2 . 4 5 2  8 2 . 2 3 2  
86 .411  86 .191  8 5 . 9 1 1  85 .151  85 .531  e5 .311  8 5 . 0 9 1  84 .871  8 4 . 6 5 1  8 I . 4 3 2  
8 8 . 6 1 0  8 8 . 3 9 0  8 8 . 1 1 0  8 1 . 9 5 0  8 7 . 1 3 0  81 .510  e 7 . 2 9 0  81 .071  8 6 . 8 5 1  8 6 . 6 3 1  
9 0 . 8 0 8  90.588 9 J . 3 6 9  90.1.9 89 .929  89 .109  89 .489  89 .269  8 9 . 3 5 0  8 8 . 8 3 1  
9 3 . 0 0 5  92 .785  92 .566  92.316 9 2 . 1 2 1  91.9C7 91 .681  9 1 . 4 6 1  9 1 . 2 4 8  9 1 . 3 2 e  

93 .025  9 3 . 2 2 4  93 .444  9 3 . 6 6 3  9 3 . 8 8 2  94.102 94 .321  9 4 . 5 4 0  94 .159  94 .978  
9 5 . 1 9 1  9 5 . 4 1 6  9 5 . 6 3 5  95 .854  9 6 . 0 7 2  96.291 9 6 . 5 1 0  96 .128  9 6 . 9 4 1  91 .165  
91.3R3 9 7 . 6 1 2  9 1 . 8 2 8  9 8 . 3 3 8  98 .256  98.U14 9 8 . 6 9 2  9 8 . 9 1 0  9 9 . 1 2 8  99 .346  
99 .564  9 9 . 1 d i  10S+C30 100.217 100.434 100.653 100 .868  101 .085  101 .302  1 0 1 . 5 1 9  

1d1.736 101 .?52  102 .169  102 .386  102 .6>3  1C2.819 lC3.636 1 0 3 . 2 5 3  1 0 3 . 4 6 s  103 .686  

1 0 3 . 9 0 2  1 0 4 . 1 1 8  1 0 1 . 3 3 5  1 0 4 . 5 5 1  1@. .168  104.98. 1 0 5 . 2 0 0  IC5.416 1 0 5 . 6 3 3  1 3 5 . 8 * 9  
lU6 .065  :16.281 106 .497  1 0 6 . 7 l 3  1 0 6 . 9 2 9  101 .145  107 .161  107 .517  l C 1 . 7 9 3  lP8.OOA 
1CB.224 1 0 8 . 4 4 0  lC8 .656  1 0 8 . 8 7 1  1 0 9 . 0 8 1  lC9.302 109 .518  109 .733  139 .?*9  l l O . 1 6 4  
1 1 0 . 3 e 0  1 1 0 . 5 9 5  1 1 0 . 8 1 0  l l l . 0 2 6  1 1 1 . 2 1 1  111.456 1 1 1 . 6 1 1  1 1 1 . 8 8 7  1 1 2 . 1 0 2  1 1 2 . 3 1 1  
1 1 2 . 5 3 2  112 .747  1 1 2 . 9 6 2  1 1 3 . 1 1 7  1 1 3 . 1 9 2  1 1 3 . 6 0 1  113 .821  1 1 4 . 0 3 6  114 .251  l l * + b 6 6  

114 .680  114 .895  1 1 5 . 1 1 0  115 .32$  1 1 5 . 5 3 1  115 .753  1 1 5 . 9 6 8  1 1 6 . 1 8 ?  1 1 6 . 3 9 1  1 1 6 . 6 1 1  
1 1 6 . 8 2 5  I : ~ . O O O  1 1 1 . ~ 5 4  1 1 i . ~ 6 8  1 1 i . 6 8 2  1 I i . e 9 6  I I ~ . I I I  118 .325  I I I . ~ J . ?  118 .753  
1 1 8 . 9 6 1  119 .181  11?.395 119.6C8 1 1 9 . 8 2 2  120.036 120 .250  1 2 0 . 4 6 *  1 2 0 . 6 7 7  120.E91 
121.105 1 2 1 . 3 1 8  121 .532  1 2 1 . 1 * 5  121 .959  122 .112  122 .386  1 2 2 . 5 9 9  1 2 2 . 8 1 2  123 .026  
123 .239  1 2 3 . 4 5 2  1 2 3 . 6 6 5  123 .818  12* .?91  12*.305 124 .518  1 2 4 . 7 3 1  1 2 4 . 9 4 4  1 2 5 . 1 5 1  

125.369 125 .582  1 2 5 . 1 9 5  1 2 6 . 0 0 8  1 2 6 . 2 2 1  126 .433  1 2 6 - 6 . 6  126 .859  1 2 7 . 0 1 1  1 2 7 . 2 8 1  
1 2 1 . 4 9 1  1 2 7 . 7 3 9  127 .922  128 .134  128 .346  128 .559  128 .711  128 .983  129 .196  1 2 9 . 4 0 8  
129 .623  1 2 9 . 6 3 2  133 .014  130 .256  130 .*68  I 5 0 . 6 I 1  1 3 0 . 8 9 3  1 3 1 1 0  1 3 1 . 3 1 6  131 .528  
131 .140  1 3 1 . 9 5 2  132 .164  1 3 2 . 3 7 5  132 .587  132 .199  133 .010  133 .222  1 3 3 . 4 3 3  133 .615  
133 .856  134 .068  1 3 4 . 2 7 9  1 3 * . r ? l  1 3 I . 1 0 2  134.?13 135 .125  1 3 5 . 3 3 6  1 3 5 . 5 4 7  135 .158  

135 .969  1 3 6 . 1 8 0  136 .391  136 .632  1 3 6 . 8 1 3  137.024 137 .235  137.*46 1 3 7 . 6 5 1  137 .868  
138 .019  139 .289  1 5 8 . 5 0 0  1 3 8 . 7 1 l  !38 .921  139 .132  139 .3b2  1 3 9 . 5 5 3  1 3 9 . 7 6 3  139 .91 .  
lbO.184 140 .395  1 4 0 . 6 0 5  l . O . 8 l 5  1 4 1 . 0 2 6  1.1.236 l * l . b * 6  1 .1 .656 l a l . 8 6 6  142 .016  
142.286 1 4 2 . 9 9 6  1 .2 .796  142.916 143 .126  143.336 143 .546  1 4 3 . 7 5 6  143 .965  14+ .175  
144 .385  144 .595  1*4 .804  1*5.01* l b 5 . 2 2 3  l r 5 . 4 1 3  1 4 5 . 6 4 2  145.L52 146 .n61  1.6.211 

0 1 2 3 4 5 6 7 8 9 
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Curve PR-239, "F vs Absolute R (Cont.) 

OF 

2 5 0  
2 6 0  
2 7 C  
2 8 0  
2 9 0  

3C0 
3 1 0  
3 2 0  
3 3 0  
3 4 0  

35C 
3 6 0  
3 7 0  
3 e J  
3 9 0  

4 0 0  
4 1 0  
4 2 0  
' 3 1  
44C 

4 5 0  
4 6 9  
9 1 0  
4 e 6  
4 9 1  

5 0 0  
5 1 C  
5 2 0  
5 3 0  
5 4 0  

5 5 0  
5 6 C  
5 1 1  
5 e C  
5 9 0  

6 0 0  
6 l C  
6 2 E  
C 
6 4 6  

6 5 0  
6 6 C  
6 1 0  
6 8 0  
6 9 0  

1 
1 1 0  
7 2 0  
1 3 0  
7 4 0  

7 5 0  
1 6 0  
7 7 0  
1 8 0  
7 9 0  

8 0 0  
8 1 0  
8 2 0  
8 3 0  
8 4 0  

8 5 0  
8 6 0  
8 7 0  
8 8 0  
8 9 0  

L 

'F 
L 

0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

1 4 6 . 4 8 0  1 4 6 . 6 8 9  1 4 6 . 8 9 8  1 4 7 . 1 0 8  1 4 1 . 3 1 7  141 .526  1 4 1 . 1 3 5  l U l . 9 4 U  1 4 8 . 1 5 3  1 4 8 . 3 6 2  
1 4 8 . 5 1 1  1 4 8 . 1 8 0  1 4 8 . 9 8 9  1 4 9 . 1 9 8  1 4 9 . 4 3 1  149 .616  149.824 1 5 0 . 0 3 3  1 5 0 . 2 4 2  1 5 2 . L 5 0  
1 5 0 . 6 5 9  1 5 0 . 8 6 8  1 5 1 . 0 7 6  1 5 1 . 2 8 5  1 5 1 . 4 9 3  151 .102  151 .910  1 5 2 . 1 1 8  1 5 2 . 3 2 1  152 .535  
1 5 2 . 1 4 3  1 5 2 . 9 5 2  1 5 3 . 1 6 0  1 5 3 . 3 6 8  1 5 3 . 5 1 6  153.184 153 .992  1 5 4 . 2 0 0  1 5 4 . 4 0 8  1 5 * . 6 1 6  
154 .824  1 5 5 . 0 3 2  155 .2qO 1 5 5 . 4 4 8  1 5 5 . 6 5 5  155 .863  1 5 6 . 9 1 1  1 5 6 . 2 1 8  1 5 6 . 4 8 6  156 .694  

1 5 6 . 9 3 1  1 5 1 . 1 5 9  1 5 1 . 3 1 6  157.524 1 5 1 . 1 3 1  151 .938  1 5 8 . 1 * 6  1 5 8 . 3 5 3  1 5 8 . 5 5 0  1 5 8 . 1 6 8  
158 .975  1 5 9 . 1 8 2  1 5 9 . 3 8 9  159 .596  1 5 9 . 8 1 3  160 .010  1 6 0 . 2 1 1  160 .424  1 6 3 . 6 3 1  160 .838  
161 .045  1 6 1 . 2 5 1  1 6 1 . 4 5 8  1 6 1 . 6 6 5  1 6 1 . 8 1 2  162 .018  162 .285  1 6 2 . 4 9 2  1 6 2 . 6 9 8  1 6 2 . 9 0 5  
1 6 3 . 1 1 1  1 6 3 . 3 1 8  1 6 3 . 5 2 4  1 6 3 . 7 3 0  1 6 3 . 9 3 1  16b.143 168 .349  1 6 4 . 5 5 5  1 6 4 . 1 6 2  164 .968  
165.114 1 6 5 . 3 8 0  1 6 5 . 5 8 6  1 6 5 . 1 9 2  1 6 5 . 9 9 8  166 .204  1 6 6 . 4 1 0  1 6 6 . 6 1 6  1 6 6 . 8 2 2  1 6 1 . 3 2 1  

1 6 1 . 2 3 3  1 6 1 . 4 3 9  1 6 1 . 6 4 5  1 6 1 . e 5 0  1 6 8 . 0 5 6  1 6 8 . 2 6 2  168 .V61 1 6 8 . 6 7 3  1 6 8 . 8 7 8  1 6 9 . 0 8 3  
1 6 9 . 2 8 9  1 6 9 . 4 9 q  1 6 9 . 1 0 3  1 6 9 . 9 0 5  1 1 0 . 1 1 0  110.115 1 1 0 . 5 2 1  1 1 0 . 7 2 6  1 7 0 . 9 3 1  171 .136  
1 1 1 . 3 4 1  1 1 1 . 5 4 6  1 7 1 . 1 5 1  1 7 1 . 9 5 6  1 1 2 . 1 6 1  112.366 1 1 2 . 5 1 1  1 1 2 . 1 1 5  1 1 2 . 9 8 0  1 1 3 . 1 8 5  
1 1 3 . 3 9 0  1 1 3 . 5 9 4  1 1 3 . 1 9 9  1 7 4 . 0 0 3  1 1 4 . 2 0 8  114 .413  114 .617  1 7 4 . 8 2 1  1 1 5 . 0 2 6  1 1 5 . 2 3 0  
1 1 5 . 4 3 5  1 1 5 . 6 3 9  1 1 5 . 8 4 3  :16 .041  1 1 6 . 2 5 2  176 .456  1 1 6 . 6 6 0  1 7 6 . 8 6 4  1 1 1 . 0 6 8  1 7 1 . 2 1 2  

171 .416  l l l . 6 8 C  171.884  118 .088  1 1 8 . 2 9 2  178.495 1 1 8 . 6 9 9  1 1 8 . 9 0 3  1 1 9 . 1 0 7  1 1 9 . 3 1 0  
179 .514  1 7 9 . 1 1 1  1 1 9 . 9 2 1  1 8 0 . 1 2 4  1 8 0 . 3 2 8  1 8 0 . 5 3 1  180 .735  1 8 0 . 9 3 8  1 8 1 . 1 4 2  181 .345  
1 8 1 . 5 * 8  1 8 1 . 7 5 1  1 8 1 . 9 5 5  1 8 2 . 1 5 8  1 8 2 . 3 6 1  182.564 1 8 2 . 1 6 1  1 8 2 . 9 1 0  1 8 3 . 1 1 3  183 .316  
1 6 3 . 5 1 9  1 8 3 . 7 8 2  1 8 3 . 9 8 5  1 8 4 . 1 8 7  1 1 4 . 3 9 5  184 .593  1 8 I . 1 9 6  1 8 4 . 9 5 8  1 8 5 . 2 0 1  1 8 5 . 4 0 3  
1 1 5 . 6 0 6  1 8 5 . A l 8  1 8 6 . 0 1 1  1 8 6 . 2 1 3  1 8 6 . r 1 6  186 .618  1 8 6 . e 2 1  1 9 7 . 3 2 3  1 9 7 . 2 2 5  1 8 1 . 4 2 7  

1 8 1 . 6 3 0  1 8 7 . 8 3 2  1 8 8 . 0 3 4  1 8 8 . 2 3 6  188 .438  1 8 8 . 6 4 0  1 8 8 . 8 ( 2  189 .044  1 8 9 . 2 4 6  1 8 9 . 4 4 8  
1 8 9 . 6 5 0  1 8 9 . 8 5 1  19U.053 1 9 0 . 2 5 5  1 9 0 . 4 5 1  193 .658  1 9 0 . 8 6 0  1 9 1 . 0 6 1  1 9 1 . 2 6 3  1 9 1 . 4 6 4  
1 9 1 . 6 6 6  1 9 1 . 8 6 1  1 9 2 . 0 6 9  1 9 2 . 2 7 0  1 9 2 . 4 1 1  192 .613  192 .814  1 9 3 . 0 7 5  1 9 3 . 2 1 6  1 9 3 . 9 1 8  
1 9 3 . 6 1 9  193 .88C 1 9 4 . 0 8 1  1 9 4 . 2 8 2  1 9 4 . 4 8 3  194.684 194 .885  195 .086  1 9 5 . 2 8 6  1 9 5 . 4 8 1  
195 .6Pe 1 9 5 . 8 8 9  1 9 6 . 0 8 9  1 9 6 . 2 9 0  1 9 6 . 4 9 1  196 .691  3 9 6 . 8 9 2  1 9 1 . 0 1 2  1 9 1 . 2 9 3  191.49: 

1 9 1 . 6 9 4  1 9 1 . E 9 4  1 9 8 . 0 9 4  198 .295  1 9 8 . 4 9 5  198.695 1 9 8 . 8 9 5  1 9 9 . 0 9 6  1 9 9 . 2 9 6  199 .496  
199 .696  1 9 9 . 8 9 6  21U.096 2 0 0 . 2 9 6  2C0.496 203 .696  200 .895  2 0 1 . 0 9 5  2 0 1 . 2 9 5  201 .495  
201 .694  2 n 1 . 8 9 4  2 9 2 . 1 9 4  2 0 2 . 2 9 3  2 0 2 . 4 9 3  202 .692  202 .892  2 0 3 . 0 9 1  2 C 3 . 2 9 1  2 0 3 . 4 9 0  
2 J 3 . 6 8 9  2 1 3 . 8 8 9  2 0 1 . 0 8 8  204 .287  2 1 6 . 4 8 6  296.686 2 0 4 . 8 8 5  2 0 5 . 0 8 4  2 0 5 . 2 8 3  205.*82 
2 0 5 . 6 8 1  ; 1 5 + 8 8 0  2 0 6 . 0 7 9  2 0 6 . 2 7 8  2 0 6 . 4 1 1  2 0 6 . 6 1 5  206 .814  2 0 1 . 0 1 3  2 0 1 . 2 1 1  2 0 7 . 4 1 0  

2 0 1 . 6 6 9  2 0 7 . 8 6 1  2 0 8 . 0 6 6  208 .264  2 0 8 . 4 6 3  2 1 8 . 6 6 1  2C8.860 2 0 9 . 3 5 1  2 0 9 . 2 5 1  209 .455  
209 .653  2 0 9 . 8 5 1  2 1 0 . 0 4 9  2 1 0 . 2 4 8  2 1 0 . 4 4 6  210 .644  2 1 0 . 8 4 2  2 1 1 . 0 4 0  2 1 1 . 2 3 8  211 .q36 
2 1 1 . 6 3 4  2 1 1 . 8 3 2  2 1 2 . 0 3 0  2 1 2 . 2 2 1  212 .+25 2 1 2 . 6 2 3  2 1 2 . 8 2 1  2 1 3 . 0 1 8  2 1 3 . 2 1 6  2 1 3 . Q 1 3  
2 1 3 . 6 1 1  2 1 3 . 8 2 8  2 1 4 . 0 0 6  214 .205  2 1 4 . 4 1 1  214.598 2 1 4 . 1 9 6  2 1 4 . 9 9 3  2 1 5 . 1 9 0  2 1 5 . 3 8 1  
215 .585  2 1 5 . 7 9 2  2 1 5 . 9 1 9  2 1 6 . 1 1 6  2 1 6 . 3 1 3  216 .513  2 1 6 . 1 6 7  2 1 6 . 9 6 4  2 1 1 . 1 6 1  2 1 1 . 3 5 8  

2 1 1 . 5 5 5  2 1 1 . 1 5 1  2 1 7 . 9 4 8  218 .185  2 1 8 . 3 4 2  218 .538  2 1 8 . 1 3 5  2 1 8 . 9 3 1  2 1 9 . 1 2 8  219.32. 
2 1 9 . 5 2 1  2 1 9 . 7 1 1  219.91.  220 .110  2 2 0 , 3 0 1  2 2 0 . 5 0 3  220 .699  220 .895  2 2 1 . 0 9 2  2 2 1 1 2 8 8  
221.184 2 2 1 . 6 8 0  2 2 1 . 8 1 6  2 2 2 . 0 1 2  2 2 2 . 2 6 8  222.464 2 2 2 . 6 6 0  2 2 2 . 8 5 6  2 2 3 . 0 5 2  2 2 3 . 2 4 1  
2 2 3 . 4 4 3  2 2 3 . 6 3 9  2 2 3 . 8 3 5  2 2 4 . 1 3 0  2 2 4 . 2 2 6  2 2 4 . 6 2 1  2 2 4 . 6 1 1  2 2 4 . 8 1 3  2 2 5 . 0 0 8  225 .203  
2 2 5 . 3 9 9  2 2 5 . 5 9 4  2 2 5 . 1 9 3  225 .985  2 2 6 . 1 8 0  226 .315  2 2 6 . 5 7 1  226 .166  2 2 6 . 9 6 1  2 2 7 . 1 5 6  

2 2 1 . 3 5 1  2 2 1 . 5 4 6  2 2 7 . 1 b 1  221 .936  2 2 8 . 1 3 1  2 2 1 1 3 2 6  2 2 8 . 5 2 1  228 .115  2 2 8 . 9 1 0  22?.105 
2 2 9 . 3 0 0  2 2 9 . 4 9 4  2 2 9 . 6 8 9  2 2 9 . 8 8 3  2 3 0 . 9 1 8  230 .213  2 3 0 . 4 6 1  2 3 0 . 6 6 1  2 3 0 . 8 5 6  2 3 1 . 9 5 0  
231 .245  2 3 1 . * 3 9  2 3 1 . 6 3 3  2 3 1 . 8 2 7  2 3 2 . 0 2 2  232 .216  2 3 2 . 4 1 0  232 .604  2 3 2 . 1 9 8  2 3 2 . 9 9 2  
2 3 3 . 1 8 6  2 3 3 . 3 8 0  2 3 3 . 5 7 4  2 3 3 . 1 6 8  2 3 3 . 9 6 2  234 .155  2 3 4 . 3 4 9  2 3 4 . 5 4 3  2 3 4 . 1 3 7  2 3 4 . 9 3 2  
235 .124  2 3 5 . 3 1 8  2 3 5 . 5 1 1  235 .105  2 3 5 . 8 9 8  236.092 2 3 6 . 2 8 5  236m.18 2 3 6 . 6 1 2  2 5 6 . 8 6 5  

237 .058  2 3 1 . 2 5 1  2 3 1 . 4 4 5  2 3 1 . 6 3 8  2 3 1 . 8 3 1  238 .624  2 3 8 . 2 1 1  2 3 8 . 4 1 0  238 .6 -  2 3 8 . 1 9 6  
2 3 e . 9 8 9  2 3 9 . 1 9 2  239 .315  2 3 9 . 5 6 1  2 3 9 . 1 6 0  239 .953  240 .146  2 4 0 . 3 3 8  2 4 9 . 5 3 1  246 .124  
2.0.916 2 4 1 . 1 0 9  2 1 1 . 3 3 1  241 .494  2 4 1 . 6 8 6  241 .818  2 4 2 . 0 1 1  2.2.263 2 4 2 . 4 5 5  242 .647  
2 4 2 . 8 4 0  2 4 5 . 0 3 2  2 4 3 . 2 2 4  2 4 3 . 4 1 6  2 4 3 . 6 0 8  243 .800  2 4 3 . 9 9 2  2 4 4 . 1 8 4  2 4 4 . 3 1 6  2 4 4 . 5 6 8  
244 .760  2 4 4 . 9 5 2  2 4 5 . 1 4 3  245 .335  2 4 5 . 5 2 1  245 .718  2 4 5 . 9 1 0  2 4 6 . 1 0 2  2 4 6 . 2 ? 3  246 .485  

2 4 6 . 6 7 6  2 4 6 . 8 6 8  2 4 7 . 0 5 9  2 4 1 . 2 5 0  2 4 7 . 4 4 2  241 .633  247 .824  2q8.016  2 4 8 . 2 0 1  2 4 8 . 3 9 8  
2 4 8 . 5 8 9  2 4 8 . 7 8 0  2 4 8 . 9 1 1  2 4 9 . 1 6 2  2 6 0 . 3 5 3  241 .544  2 4 9 . 1 3 5  2 4 9 . 9 2 6  2 5 0 . 1 1 1  2 5 0 . 3 0 8  
2 5 0 . 4 9 8  2 5 0 . 6 8 9  2 5 0 . 8 8 3  2 5 1 . 0 1 0  2 5 1 . 2 6 1  251 .452  2 5 1 . 6 4 2  2 5 1 . 8 3 3  252.02: 2 5 2 . 2 1 4  
2 5 2 . 4 0 4  2 5 1 . 5 9 5  2 5 2 . 7 8 5  252 .915  2 5 3 . 1 6 5  253 .356  2 5 3 . 5 4 6  2 5 3 . 1 3 6  2 5 3 . 9 2 6  2 5 4 . 1 1 6  
2 5 4 . 3 0 6  2 5 4 . 4 9 6  2 5 4 . 6 8 6  2 5 4 . 8 1 6  2 5 5 . 9 6 6  255 .256  255 .446  2 3 5 . 6 3 6  2 5 5 . e 2 5  256 .015  

256 .205  2 5 6 . 3 9 5  2 5 6 . 5 8 4  256 .114  2 5 6 . 9 6 3  251 .153  251 .342  2 5 7 . 5 3 2  2 5 1 . 1 2 1  2 5 1 . 9 1 1  
258 .100  2 5 8 . 2 8 9  2 5 8 . 4 1 9  2 5 8 . 6 6 8  2 5 8 . 8 5 1  259 .046  259 .235  259.424 2 5 9 . 6 1 3  2 5 9 . 8 0 2  
2 5 9 . 9 9 1  2 6 0 . 1 8 0  2 6 0 . 3 6 9  2 6 0 . 5 5 8  2 6 0 . 7 4 1  263 .936  261 .125  2 6 1 . 3 1 3  2 6 3 . 5 0 2  2 6 1 . 6 9 1  
2 6 1 . 8 7 9  262 .068  2 6 2 . 2 5 6  2 6 2 . 4 4 5  2 6 2 . 6 3 3  2 6 2 . 8 2 2  2 6 3 . 0 1 0  2 6 3 . 1 1 9  2 6 3 . 3 8 1  2 6 3 . 5 1 5  
263 .764  263 .952  2 6 4 . 1 4 0  2 6 . ~ 3 2 8  264 .516  2 6 4 . 1 0 1  2 6 b s P 9 2  2 6 5 . 0 8 0  2 6 5 . 2 6 8  2 6 5 . 4 5 6  

265 .614  265 .832  2 6 6 . 0 2 0  2 6 6 . 2 0 8  2 6 6 . 3 9 6  266 .583  2 6 6 . 1 1 1  2 6 6 . 9 5 9  2 6 7 . 1 4 6  261 .334  
2 6 7 . 5 2 1  2 6 7 . 1 0 9  2 6 1 . 8 9 1  2 6 8 . 0 8 4  2 6 8 . 2 7 1  268 .459  2 6 9 . 6 4 6  2 6 8 . 9 3 1  2 6 9 . 0 2 1  26P.208 
269.395 2 6 9 . 5 8 2  2 6 9 . 7 6 9  2 6 9 . 9 5 6  2 7 0 . 1 4 4  2 1 0 . 3 3 1  2 1 0 . 5 1 8  2 1 0 . 1 0 5  2 1 0 . 8 9 1  211 .018  
271 .265  2 1 1 - 4 5 2  2 1 1 . 6 3 9  2 1 1 . 8 2 6  2 1 2 . 0 1 2  212 .199  212 .385  2 1 2 . 5 1 2  2 1 2 . 1 5 9  212 .945  
273 .132  2 1 3 . 3 1 8  2 1 3 . 5 0 4  2 7 3 . 6 9 1  2 1 3 . 8 1 1  214 .064  2 1 4 . 2 5 0  2 1 4 . 4 3 6  2 1 4 . 6 2 2  2 1 4 . 8 0 8  

0 1 2 3 4 5 6 7 8 9 
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SAMA 100 OHM (NOMINAL) PLATINUM RTD TEMPERATURE-RESISTANCE TABLES 
Curve PR.279 (OC vs Absolute fl) and Curve PR-278 (OF vs Absolute 0) 

The values listed in these tables were calculated using the equations found in Foxboro Drawing 10104MU. Temperature 
Calibration Sources. 

Curve PR-279, 'C vs Absolute Q 

Printed in England 
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O 1982 by The Foxboro Company B~egistered Trademark 

0 1 2 3 4 5 6 7 8 9 

RESISTANCE IN ABSOLUTE OHMS 

16.665 

20.972 20.543 20.113 19.684 19.254 18.823 18.392 17.961 11.530 17.098 
25.244 24.818 24.392 23.966 2?.539 23.112 22.685 22.257 21.829 21.401 
29.183 29.050 28.637 28.214 21.791 27.367 26.943 26.519 26.094 25.669 
33.691 33.211 32.852 32.432 32.011 31.591 31.110 30.148 30.321 29.905 
37.811 37.454 37.037 36.620 36.202 35.184 35.366 3a.948 34.529 34.110 

42.023 41.609 41.195 40.780 40.365 39.950 39.535 39.119 38.703 38.287 
46.151 45.139 45.327 e4.915 44.503 44.090 43.677 a3.26. 42-85: 42.437 
50.255 a9.846 49.436 49.026 48.616 48.206 47.795 47.385 46.914 46.562 
54.337 53.930 53.522 53.115 52.107 $2.299 51.890 51.482 51.073 50.664 
58.399 57.994 57.588 57.182 56.71'7 56.370 55.961 55-558 55.151 50.141 

62.441 62.338 61.634 61.230 60.826 60.422 60.018 59.613 59.209 58.804 
66.466 66.064 65.662 65.260 64.858 64.456 64.053 C.650 63-248 62.841 
70.473 70.013 69.673 69.273 68.872 68.472 68.071 67.610 61.269 66.867 
14.465 7q.067 73.668 73.269 72.870 72.471 12.072 71.673 71.213 70.873 
78.412 78.345 77.648 77.251 76.853 16.456 76.058 15.660 75.262 74.864 

82.405 82.009 81.614 81.218 80.822 80.425 80.C29 79.631 79.236 78.839 
86.355 85.960 85.566 85.171 84.776 94.382 83.986 83.591 83.196 82.801 
90.292 89.898 89.505 89.112 88.118 88.525 87.931 87.531 87.1.3 86.749 
94.216 93.824 93.432 93.040 92.648 92.255 91.863 91.470 91.017 90.685 
98.129 97.738 97.317 .96.956 96.565 96.174 95.783 95.391 95.000 94.608 

98.129 98.520 98.910 99.301 99.691 100.081 100.471 100.861 1C1.251 101.641 
132.130 132.420 102.819 103.198 103.588 103.971 104.166 104.154 105.1b3 105.532 
105.920 106.308 10C.697 107.085 101.*73 101.e61 108.248 108.636 109.024 109.411 
109.198 110.196 113.573 110.960 ?11.341 111.733 112.120 112.516 112.893 113.279 
113.665 114.051 114.437 114.823 115.209 115.190 115.480 116.365 116.750 111.136 

111.521 lll.9L5 118.290 118.615 119.059 119.444 119.828 120.212 129.591 123.981 
121.364 121.718 122.132 122.515 122.899 123.282 123.665 124.048 124.131 124.814 
125.191 125.579 125.962 126.344 126.127 121.109 127.491 127.873 128.25. 128.636 
129.018 129.399 129.780 130.162 130.543 133.924 131.305 131.615 132.066 132r447 
152.e27 133.207 133.SE8 133.968 3 4 3 8  1JI.721 135.107 :35.487 135.866 136.246 

136.625 137.004 131.383 137.762 138.141 138.520 138.898 139.277 139.655 140.033 
140.411 140.789 141.167 141.545 161.923 142.300 112.678 143.055 143.432 143.809 
144.186 144.563 144.940 145.311 115.693 146.069 146.446 196.822 147.198 147.574 
147.950 148.325 148.701 149.077 149.452 169.827 151.202 150.577 150.952 151.327 
151.102 152.076 152.451 152.825 153.199 153.573 153.941 154.321 154.695 155.069 

155.4;~ 155.816 156.189 156.562 156 -935 157.308 157 -681 158.054 158.426 158.799 
159.111 159.543 159.916 160.288 160.660 161.031 161.b03 161.775 162.146 162.517 
162.889 163.260 163.631 164.012 16r.372 164.743 165.114 165.484 165.854 166.225 
166.595 166.965 167.335 167.704 168.014 168.443 168.813 169.182 169.551 169.920 
170.289 170.658 171.021 171.395 171.164 172.132 172.500 112.869 113.231 115.604 

113.912 171.340 174.701 175.075 175.442 175.809 176.117 116.544 176.910 177.271 
177.644 178.310 178.377 178.143 179.109 179.475 179.841 180.207 180.513 180.938 
181.304 18f.669 182.034 182.400 182.165 183.130 183s.94 1P3.859 18*-2:* 184.588 
184.952 185.317 185.681 186.045 186.b09 186.772 187.136 187.500 187.e63 1e8.226 
188.589 158.953 189.316 189.678 190.041 190.rO4 190.766 191.129 191.191 191.853 

192.215 192.577 192.939 193.301 193.662 19a.024 191.385 194.746 195.107 195.468 
195.829 196.190 196.551 196.911 191.272 197.632 197.992 198.352 198.712 199.C72 
199.r32 199.791 200.151 200.510 200.870 201.229 201.588 201.947 202.306 202.664 
203.023 203.391 203.7.0 204.098 204.456 204.814 205.112 205.530 205.888 206.245 
206.603 208.960 201.317 207.674 208.031 208.388 208.145 209.102 209.*58 209.814 

0 1 2 3 4 5 6 7 8 9 
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Curve PR-279, 'C vs Absolute Q (Cont.) 

Curve PR-278, "F vs Absolute Q 
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RESISTANCE IN ABSOLUTE OHMS 

210.111 210.521 210.883 211.239 211.595 211.951 212.306 212.662 213.011 213.312 
213.727 211.083 214431 214.192 215.1*1 215.501 215.856 216.210 216.565 216.919 
211.273 217.627 211.980 218.334 218.688 219.041 219.394 219.141 220.101 220.453 
220.806 221.159 221.512 221.864 222.211 222.569 222.921 223.213 223.625 223.311 
224.329 224.680 225.032 225.383 225.134 226.085 226.435 226.181 221.138 221.489 

227.839 228.190 228.540 228.890 229.240 229.590 229.940 230.290 230.640 230.989 
231.339 231.688 232.031 232.386 232.135 233.084 233.433 233.181 231.130 234.478 
234.826 235.174 235.522 235.810 236.218 236.566 236.913 231.261 237.608 231.955 
238.303 238.650 238.996 239.343 239.690 240.036 240.383 240.729 241.015 241.421 
241.161 241.113 242.459 242.805 243.150 243.495 243.841 244.186 244.531 244.876 

245.221 245.565 245.910 246.254 246.5%9 246.943 241.281 241.631 241.915 248.319 
248.662 249.006 249.349 249.693 250.036 250.319 250.122 231.065 251.438 251.750 
252.093 252.435 252.111 253.120 253.462 253.804 254.145 254.481 254.829 255.110 
255.512 255.853 256.194 256.535 256.816 251.211 251.551 251.898 258.238 258.519 
258.919 259.259 259.599 259.939 260.219 260.618 260.958 261.291 261.636 261.916 

262.315 26X.65. 262.993 263.331 263.670 264.008 264.347 264.685 265.023 265.361 
265.699 266.031 266.315 266.112 261.050 261.381 261.124 268.061 268.398 268.135 
269.012 269.409 269.745 210.082 270.*18 210.154 211.090 211.426 211.162 212.098 
212.433 212.169 213.104 213.440 213.115 214.110 214.445 214.180 275.114 275.449 
215.183 276.118 216.452 2761186 211.120 271.454 211.788 278.121 218.455 218.188 

279.122 279.455 279.188 280.121 283.454 7e3.781 281.119 2el.452 2e1.786 282.111 
282.*49 282.791 283.113 283.444 283.776 284.108 284.439 284.771 285.102 285.433 
285.16. 286.395 286.426 286.156 287.081 287.411 287.148 2P8.078 288.4Ce 288.138 
2e9.368 229.398 289.127 290.:51 290.386 290.116 291.345 291.314 291.703 292.032 
292.36F 292.659 293.X8 293.366 293.674 294.002 294.331 294.658 294.986 295.1lV 

295.641 295.959 296.296 296.624 296.9% 297.278 291.605 291.931 298.218 298.585 
298.911 299.231 299.563 299.891 300.216 300.541 300.861 301.193 351.518 3n1.844 
332.169 302.4°U 332.519 303.144 303.a69 313.194 304.118 304.443 304.161 305.091 
Z05.415 325.740 3CS.061 306.381 306.111 307.03. 301.35e 391.681 3C8.004 308.328 
308.651 1J8.913 309.296 339.619 309.?*1 310.264 310.586 313.908 311.230 311.552 

311.814 312.196 312.511 312.839 313.160 313.482 313.803 314.124 314.445 314.166 
315.086 315.431 315.721 316.048 316.368 316.688 317.008 311.328 317.648 317.967 
318.281 318.656 318.922 519.245 319.56* 319.883 320.202 32C.520 323.839 321.157 
321.416 321.794 322.112 322.430 322.148 323.066 323.384 323.101 324.019 324.336 
324.653 324.971 325.288 325.604 325.021 326.238 326.555 326.811 327.181 327.503 
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Curve PR-278, O F  vs Absolute 52 (Cont.) 
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RESISTANCE IN ABSOLUTE OHMS 

18.584 
20.912 20.134 20.495 20.251 20.018 19.179 19.5.0 19.301 19.062 18.823 
23.349 23.112 22.815 22.631 22.*00 22.162 21.924 21.686 21.448 21.210 

25.716 25.4e0 25.244 25.001 24.111 24.534 24.291 24.060 23.823 23.586 
28.C13 21.838 21.603 21.361 27.132 26.836 26.663 26.424 26.188 25.952 
30.420 10.186 29.952 29.111 29.483 29.2*8 29.013 28.118 28.543 28.338 
32.158 32.525 32.291 32.058 31.824 31.591 31.357 31.123 30.889 30.655 
35.381 34.835 3a.622 34.390 34.151 33.92a 33.691 33.458 33.225 32.992 

31.40e 31.116 36.941 36.112 36.480 36.248 36.016 35.184 35.552 35.320 
39.119 39.459 39.258 39.027 38.796 38.565 38.333 38.102 31.811 37.639 
42.023 41.133 $1.563 41.333 Ll.ln3 40.812 40.612 40.411 40.181 39.950 
44.319 44.093 43.861 43.631 $3.602 43.172 42.943 q2.113 *2.*83 42.253 
46.608 46.380 46.151 45.922 45.693 45.465 45.236 45.007 44.778 44.549 
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1:OC 
:Cl? 
1C20 
lC30 
1C*1 

115C 
1060 
lCl0 
1C8r 
109E 

1101 
1110 
l:iC 
l 
11'0 

115C 
116C 
1170 
1189 
119i 

l200 

O F  

RESISTANCE IN ABSOLUTE OHMS 

291.630 291.511 291.995 292.178 292.360 292.543 292.126 292.908 293.091 293.213 
293.455 293.638 293.821 294.002 294.185 294.361 294.5.9 294.131 29Q.913 295.095 
295.218 235.450 295.641 295.823 296.005 296.181 296.369 296.551 596.733 296.914 
291.096 291.218 297.459 291.641 291.822 298.004 298.185 298.167 298.548 298.130 
29e.911 299.092 299.273 299.455 299.636 299.811 299.998 300.119 330.360 330.541 

305.122 3OP.953 331.1?* 301.265 301.446 301.621 301.801 301.988 302.169 302.350 
3C2.53C 362.111 302.e91 303.C72 313.252 :03.433 303.613 303.194 303.976 594.154 
324.335 304.515 314.695 3E4.815 3E5.055 395.235 305.415 305.595 305.715 305.955 
306.135 306.315 306.495 306.675 396.855 301.931 307.214 301.394 391.513 3d1.153 
237.933 308.:12 308.292 338.471 338.650 308.e30 309.009 309.189 309.368 3C9.547 

3C9.726 309.915 111.385 310.261 31B.443 310.622 310.801 310.980 311.158 311.338 
311.516 311.695 311.814 312.153 312.232 312.410 312.589 312.161 312.946 313.125 
313.3J3 313.*52 313.660 313.e38 314.317 314.195 314.313 314.552 314.130 314.908 
315.C.86 3?5.26$ 315.442 315.62G 315.198 315.976 316.154 316.332 316.510 316.688 
315.866 317.643 317.221 317.399 311.576 311.154 317.932 318.309 318.287 318.*64 

?l8.642 318.819 3le.996 319.174 319.35: 319.528 31?.116 319.883 320.060 320.231 
32C.414 120.591 329.158 320.945 321.122 321.299 321.416 321.653 321.829 322.036 
322.183 322.3i1 322.536 322.113 322.889 323.066 323.243 323.419 323.595 323.112 
323.9U8 324.125 324.3!.1 324.417 32l.653 324.e30 325.006 325.182 325.358 325.534 
325.710 325.666 326.062 326.238 226.414 326.590 326.765 326.941 327.111 321.293 

321.468 
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Curve PR-278, "F vs Absolute Q (Cont.) 
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RESISTANCE IN ABSOLUTE OHMS 

48.890 48.662 $8 .434  48.236 47.978 47.150 e1.521 a1.293 *1 .065  46.837 
51.164 50.937 50 .110  50 .482  51 .255  53.028 49.803 19.513 49 .345  49 .111  
53.432 53 .205  52 .979  52.152 52 .526  52.299 52.012 91 .845  51 .618  51 .391  
55.693 55.467 55.241 55.015 54 .189  54.563 54.337 51.111 53 .885  53 .658  
51.9a8 57 .123  57 .498  51.213 51 .011  56.822 56.596 56 .310  56 .145  55.919 

60.198 59.973 59.7.8 59.52* 59.299 59.016 58.869 58.624 58 .399  58.114 
62.441 62 .211  61.993 61.169 61.545 61.320 61.096 60 .871  60 .641  60 .422  
64.619 64.456 64 .232  64.008 63 .185  63.561 63.337 63 .113  62.881) 62.665 
66.912 66 .689  66 .466  66.243 66.019 65.196 65.573 65 .350  65 .126  64.903 
69.119 68 .911  68.69* 68.472 69 .2a9  68.026 61.803 61 .581  67.358 67.135 

11.362 11.1.0 70 .918  70.696 10 .413  10.251 70.029 6%.801 6 9 . 5 8 4  69 .362  
73.579 73.358 73.136 72.915 12 .693  12.471 12 .249  72 .028  11 .806  11.584 
15.192 75.571 75 .350  75.129 14.938 74.687 74.465 74 .244  74 .022  13.801 
18.nOl 11.180 1 1 . 5 6 9  11.339 71.118 76.891 16.616 76.456 1 6 . 2 3 5  16.01. 
80.205 19.985 19.165 19.54* 79.324 19.104 18.883 7 8 . 6 6 3  1 8 . 4 4 2  18.222 

82.405 82.185 81.965 81.1+6 81.526 81.306 81.086 80 .866  8 0 . 6 4 5  80.025 
81.601 84 .382  8* .162  83.943 83 .123  83.504 83.284 93 .064  82.845 R2.625 
86 .793  86 .514  86 .355  86.136 85 .916  85.697 85.418 8 5 . 2 5 9  85 .040  84.820 
88.981 88 .762  88 .543  88.325 88 .106  R7.881 87.661 81 .449  87 .231  81.012 
91 .165  90.946 93 .728  90.510 90.292 93.013 89.855 89.636 R9.118 89.199 

91 .165  91 .383  91.601 91.819 92.031 92.255 92.413 92 .691  92 .909  93 .121  
93.345 93 .563  93 .781  93.998 94.216 9*.43q 94.651 94.86-  9 5 . 5 8 1  95.304 
9 5 . 5 2 2  95 .139  95 .957  96.114 96 .391  96.609 96.826 91.04' 9 7 . 2 6 0  91.478 
97.695 97 .912  98 .129  98.3q6 98 .563  98 .180  98.991 99.214 99 .431  99.648 
99 .864  100.081 103 .298  100.514 1 0 0 . 1 3 l  100.948 101.164 101.381 101.597 101.814 

102.030 102 .247  102.463 102.679 102.896 1C3.112 103.328 103.5.4 103 .760  103.977 
104.193 114 .4Q9 104 .625  104.841 105.057 105 .293  105.*88 105.10* 105 .920  106 .136  
196 .352  106 .567  106 .783  106.099 107 .210  1C7.430 101 .645  107 .861  108 .016  108.292 
108 .507  108 .122  108.938 109.155 109.368 109.583 109.798 110 .014  110 .229  110.444 
114.659 110.P14 l l l . P 8 9  111.304 111.518 111.733 111.0b8 112 .163  112 .378  112.592 

112 .801  113 .022  113.236 113.451 113.665 113.880 114.094 11q.309 114 .523  l l 4 . 7 3 1  
114.952 115.166 115 .380  115.594 115 .808  116.023 116.237 116.451 116 .665  116.879 
117.093 111.307 111.521 117.134 117.948 118.162 118.316 118 .589  118 .803  119.017 
119 .230  119.444 119 .651  119.871 120.081 120.298 120.511 120 .125  129.938 121 .151  
121 .369  121 .578  121 .191  122.034 122.217 122.430 122.643 122 .856  123 .369  123 .282  

123.495 123 .108  123.921 124.133 124.346 124.559 124.111 124.984 125 .197  125.b09 
125.622 125.834 126 .041  126.259 126.472 126.684 126.896 121.109 121.321 121.513 
127.715 127 .951  128.170 128.382 128.594 128.806 129.018 129 .230  1 2 9 . 4 4 1  129 .653  
129.865 130 .071  130.289 130.500 130.712 130.924 131.135 131.341 131 .559  131 .770  
131.982 132 .193  132.404 132.616 132.821 133.C38 133.250 133.461 133.612 133.883 

134 .094  131 .305  134.516 134.127 134 .938  135.149 135 .360  135.511 135 .182  135 .993  
136.204 138.414 136 .625  136.836 137.046 131.251 131.*67 137.678 137 .888  138 .099  
130.309 138 .520  138 .133  138 .949  139.150 139.361 139.511 139.781 139.991 14J .201  
140 .411  140.621 140.851 141.041 141.251 141.461 1 4 l . 6 1 1  111.881 142 .091  142 .300  
142 .510  142 .720  142 .929  143.139 143.3*8 143.558 143.767 143 .911  144 .186  1.4.396 

144.605 1*4.814 145.024 145.233 115.442. 145.651 145.860 146.069 146 .219  146.488 
116 .697  141 .905  141.114 141.323 141 .532  147.141 147.950 1q8.158 148.367 148.516 
1.8.185 148 .993  149.202 149.410 14P.619 149.821 150.036 130.244 150 .b52  150.661 
150.869 151.017 151 .285  1 5 1 4  151.7DP 151.910 152.118 152.326 152 .534  152.742 
152.950 153 .158  153.366 153.513 153.181 153.989 154.197 154.404 1 5 ) . 6 1 2  154 .820  

155.027 155 .235  155.b42 155 .650  155 .857  156.064 156.272 196 .479  156 .686  156 .894  
157.101 151.3C8 151.515 157 .722  151.929 158.156 158.313 158 .550  158 .151  158.964 
159.111 159 .318  159.585 159.192 159.998 160.205 160.412 160.618 160 .825  161.031 

l 
161.238 16I.4.b 161.651 161.851 162 .061  162.210 162.*16 162 .682  162.88R 163.095 
163.301 163.501 163.113 163.919 164.125 164.331 164.531 161 .743  1 6 4 . 9 4 9  165.155 

165.361 165 .566  165.172 165.918 166 .183  166.389 166 .595  166 .890  167.006 167.211 
161.417 161 .622  161.827 168.033 168 .238  168.443 168.649 168.854 169.051) 169 .264  
169..69 169.614 169.879 170.084 110 .289  110.494 110.699 110 .901  1 7 1 . 1 3 9  171.313 
111.518 17P.723 171.921 172 .132  172 .331  172.511 112.716 112 .950  173 .155  173.359 
113.564 113 .768  113 .972  174.116 174 .381  114.585 174 .189  114 .993  115 .191  115.401 
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Curve PR-278, "F vs Absolute R (Cont.) 
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O F  
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RESISTANCE IN ABSOLUTE OHMS 

175.605 115.809 116.013 116.211 176.421 116.625 116.829 111.033 111.236 171.440 
117.644 111.841 118.051 118.255 118.458 118.662 118.865 119.068 119.212 179.475 
119.619 119.882 180.085 180.288 180.191 180.695 180.898 181.101 181.334 181.501 
181.110 181.913 182.116 182.318 182.521 182.121 182.921 183.130 183.332 183.535 
183.131 183.940 184.143 184.3a5 184.548 184.130 184.952 185.155 185.357 185.559 

185.162 185.964 186.166 186.368 186.510 186.7T2 186.914 161.116 181.378 187.581 
187.782 187.994 188.186 188.388 188.569 188.791 188.993 189.195 189.396 189.598 
189.199 190.001 190.202 190.404 190.605 190.806 191.008 191.209 191.410 191.612 
191.813 192.014 192.219 192.416 192.611 192.818 193.019 193.220 193.421 193.622 
193.823 194.024 191.224 194.025 194.626 194.826 195.021 195.228 195.428 195.629 

195.829 1 9 6 . 0 3 0  1 9 6 . 2 3 0  1 9 6 . 4 3 0  1 9 6 1 6 3 1  196.831 197.031 1 9 7 . 2 3 2  197.932 191.632 
191.e32 198.JZ2 198.232 198.432 198.632 198.832 199.532 199.232 199.432 199.612 
199.831 2n3.131 202.231 290.439 2-0.630 200.830 201.029 201.229 201.428 201.628 
2 9 1 . 8 2 1  202.127 202.226 232.625 202.624 202.824 233.P23 203.222 2 9 3 . 4 2 1  203.62C 
203.819 2b4.018 204.217 209.416 294.615 Z14.814 2C5.Cl3 205.212 205.411 205.609 

215.818 206.C41 206.205 296.4Ub 206.6?3 i D 6 . e E l  201.C9O 201.198 2 0 7 . 3 9 1  211.595 
201.793 2U1.??2 208.190 208.388 208.5e6 2C8.784 208.983 2OP.181 219.319 209.517 
2C9.115 209.91: 2 1 0 . 1 1 1  210.369 210.566 210.164 230.96: 211.160 211.358 211.555 
211.153 ' 2 1 1 . 9 5 1  212.148 212.366 212.5S3 712.741 212.938 213.135 213.333 213.533 
213.127 213.925 214.122 21q.319 214.516 214.113 214.910 215.101 215.334 215.501 

215.698 '15.891 216.092 216.289 216.486 216.683 216.819 211.016 211.213 217.069 
211.666 211.862 218.C59 218.255 218..52 218.6.8 218.815 219.941 219.231 219.433 
:1?.6~3 219.a2 t  2 2 1 . ~ 2 2  220.219 22~.*:4 223.613 220.806 221.002 221.198 221.394 
221.590 221.186 221.982 222.177 222.313 222.569 222.765 222.96P 223.156 223.351 
2 2 3 . 5 4 1  223.142 223.931 224.1'5 224.::9 22a.524 224.719 224.91. 225.110 225.335 

225.510 2 2 5 1 6 9 5  225.P90 226. i85  226.280 226.415 226.610 226.865 221.060 221.255 
227.45C 227.6rE 227.839 228.C34 228.229 928.*23 228.618 228.812 229.007 221.231 
229.396 229.552 2;?.185 229.979 233.173 230.368 230.562 230.156 230.950 251.114 
231.339 251.333 231.121 231.921 212.115 232.308 2:2.502 232.696 232.890 233.38. 
233.278 2 3 3 . a 7 1  233.665 233.85% 23*.C52 234.246 234.039 234.633 234.826 235.U21 

235.213 255.426 235.600 2 5 5 1 9 1  2'5.596 235.:80 236.313 236.566 236.159 236.952 
231.145 237.338 237.531 231.12+ 231.911 238.110 238.533 238.195 238.688 238.881 
23P.313 239.266 23P.659 239.651 239.P44 240.036 2.0.229 290.421 2.0.611 243.P06 
2Q0.998 241.191 241.3P3 2'1.515 2*1.161 291.959 242.152 242.344 242.536 242.128 
2b2.921 243.112 243."23 243.495 2 4 3 . 6 8 1  243.819 2*4.011 244.262 244.Q54 2'+4.646 

2 4 4 . 8 3 1  245.C29 2.5.221 245.b12 265.63. 245.795 245.986 246.178 246.363 246.560 
246.152 246.943 241.134 247.325 241.516 241.107 2U7.898 248.090 248.281 248. *71  
248.662 248.853 2b9.94* 249.235 2 l9 .426 249.616 249.801 219.998 :51.1P8 250.315 
255.51) 250.163 253.951 251.141 251.331 251.522 251.112 251.9C2 252.093 252.293 
252.413 282.663 252.953 2E3.0*3 253.234 253.424 253.614 253.804 253.993 254.183 

254.313 254.553 25a.153 254.943 255.132 255.322 255.511 255.101 255.P91 25 t .080 
256.210 156.Q59 256.649 256.838 257.027 751.211 251.406 257.595 257.184 251.914 
258.163 258.352 258.541 ?.58.730 253.91? 259.108 259.291 259.486 259.614 259.863 
260.052 260.241 260.4'0 260.618 2 6 0 . 8 0 1  ?60.-5 261.184 261.313 261.561 261.153 
261.938 262.126 262.315 262.503 262.691 262.880 263.068 263.256 263.*14 263.632 

263.82C 264.268 264.156 264.3e* 264.512 264.760 26b.948 265.136 265.324 265.511 
265.699 2 6 5 . 8 8 1  266.014 266.262 266.450 266.631 266.125 261.512 261.200 261.587 
261.571 261.162 261.949 268.136 268.323 258.511 268.698 268.885 269.072 26P.259 
269.446 269.633 269.820 210.131 219.191 210.381 219.561 210.154 21'1.941 211.128 
211.314 571.531 211.681 211.814 212.060 212.241 272.*33 212.620 272.806 212.992 

213.119 213.365 213.551 213.131 213.924 21b.115 214.296 21*.4e2 214.668 211.e54 
215.340 215.226 215.412 215.591 215.183 215.969 216.155 216.341 216.526 216.112 
216.891 211.083 ~ i l . 2 6 8  ?71. *51  2 1 1 . ~ ~  ? ? i . e ~  218.010 218.195 2 7 8 . 3 8 1  218.566 
218.75: 21L.936 279.122 219.331 219.492 279.611 21O.862 280.141 2PO.232 2P0.411 
280.602 2 ~ 0 . 1 9 1  280.911 281.156 281.~11 281.526 281.113 2e1.895 2e2.080 282.26. 

282.949 282.633 282.818 2 8 3 . 0 ~ 2  285.186 ze3.311 283.555 283.739 283.924 284.108 
284.292 284.416 284.660 284.844 285.028 285.212 285.396 285.580 2e5.164 215.948 
286.132 286.315 286.499 286.683 286.861 281.?50 281.234 281.111 291.601 2 d l . 1 8 *  
281.96e 288.151 288.335 288.518 288.101 28e.e85 289.968 289.251 289. *34  2~9.618 
289.801 289.98. 290.161 2 9 0 . 3 5 1  299.533 2P0.116 290.899 291.081 791.25* 2P1.641 
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Figure L E94 Series Temperature Transmitter. 

E94 SERIES TEMPERATURE TRANSMITTER 

The E94 Series Temperature Transmitter receives 
an input signal from RTD (Resistance Temperature Detec- 
tor or Bulb) temperature sensors and transmits a 4-20 mA 
dc signal proportional to the measured temperature. 
Illustuated in Figure 1. it is a field mounted, two wire 
instrument. 

Two wire, field mounted transminers can lower 
installation costs by virtually eliminating tbe need for 
special element extension cables. They transmit a high 
l e v e l  4-20 mA dc signal over comenrional, unshielded 
copper wires. Also, to further minimize the cost of 
installation, several loops can frequently be powered from 
a single power supply withmulticonductor cable. Tbe 
transmitter is designed to be intrinsically safe whenused in 
specified SPEC 200 measurement and control loops. 

Interchangeable range units can be selected from a 
wide variety of standard ranges. Both nickel and platinum 
RTD range units are available for either temperame or 
temperature difference measurements. 

PRINCIPLE OF OPERATION 

The E94 Series Transmitter provides a two wire 
output similar to the field proven concept used in other 
Foxborn transminers. AP shown in Figure 2, the same 

wiring is used for power and output. The load resistance 
is connected in series with a dc  power supply. and the 
current drawn from the supply is the 4-20 mA output 
signal  

Field mounting the transmitter a t  or near the actual 
measurement point eliminates the installation ofspecial 
resistance bulb extension wires to the receiver. In some 
applications there are long distances bctween the point of 
measurement and theultimatereceiver instrumenL Here. 
loop performance is often improved because there is 
virmally no lead wire error. 

Figure 2. Connection of the E94 Series Ransminer. 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level. and com~osition. Products ranae from instruments 
that kense and'transmit these variables to computer-based 
systems that control entire plants. Industries served are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are 
identical in design and performance around the world, whe 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and stan-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-90911. Corporate offices 
are located at 38 Neponset Avenue. Foxboro, 
Massachusetts. U.S.A. 02035. Phone: 617 543-8750. 

Printed in England @Registered Trademark 
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I M P O R T A N T  

Style Indication 

Some of thefollowing sheets may refer to a different 
style of instrument from that indicated on the cover 
of this instruction book. 
The reason for this i s  that some sheets are valid for 
more than one style. 
You may be assured that this book, i n  it's totality. 
w i l l  provide a l l  the necessary information on in- 
stallation, operation and maintenance of the instru- 
ment and style indicated on the cover. 

S.I. Uni t  System 

Foxboro, as a world-wide Organization, i s  an ardent 
supporter of worl d-wide standardization. Because of 
this general policy and the legal requirements in  
Europe, Foxboro has decided to  adhere to the S.I. 
unit system ( s y s t h e  internationale d'uniths). 
A beginning has been made with revising the ex- 
tensive documentation accordingly so that you may 
find that this book contains one or more sheets with 
t he  units already expressed i n  the S.I. unit system. 

Document Number Prefix 

The document number of certain sheets out of this 
book may be preceded by the letter "V". This de- 
notes that theseUPrinted in  the Netherlands" sheets 
deviate to  some extent from the original issue; for 
example, by adhering to the specifications of local 
requirements or to indicate that measurement units 
are expressed in  the S.I. unit system. 



' GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 

To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

0 FORM 8082 (H831 @~egirtered Trademark 



611-012 
October 1983 

870CC TRANSMITTERS, 
871CC SENSORS, 

AND ACCESSORIES 
CONTACTING CON DUCTlVlTY 

INTRODUCTION 
The two-wire Foxboro 870CC Contacting Con- 
ductivity Transmitter, in conjunction with 
an 871CC Sensor, measures relatively low 
levels of conductivity in liquids. The 
measurement is transformed within the 
transmitter to a proportional 4 to 
20 mA dc signal. This signal is trans- 
mitted to a receiver to control, record, 
and/or indicate the conductivity. 

A temperature compensation circuit in the 
transmitter adjusts the output signal to 
indicate equivalent conductivity at 2S°C 
(77OF), rather than at the actual solution 
temperature. 

Figure 1 illustrates an 870CC Transmitter 
with an 871CC Sensor. For a detailed ex- 
planation of conductivity measurement, see 
Technical Information TI 612-112. 

STANDARD SPECIFICATIONS 
Transmitter Specifications 
Output Signal: 4 to 20 mA dc 
Signal Connections: Two conduit connec- 

tions tapped for 1/2 NPT 
~ - 

Accuracy 
% OF SPAN SENSOR CABLE LENGTH 
f0.5 6 m 120 ftl 
t1.0 30 m i100 f t )  or less 

Power Supply: 20 to 40 V dc, depending on - 
output-loop resistance (see Figure 8) 

Power Consumption: 0.8 W maximum (except - 
under fault conditions) 

Mass (approximate): 5 k g  (11 lb) 
Add 0.5 kg (1 lb) for optional indicator 

Installation Dimensions: See Dimensional 
Print DP 611-010 

3 01983 by The Foxboro Compsny 

- 

(-A SENSOR ILLUSTRATED 

Figure 1. 
870CC Transmitter With An 871CC Sensor 

Ambient Temperature Limits: -30 and +70°C 
1-22 and +158OFI 

Zero Suppression: Up to 100% of calibrated 
span. (Must be specified in sales order 
if suppressed range is desired.) 

Measurement Ranqes: See Table 1 

CONTENTS . . .  . . . . . . . . . . . .  Introduction 1 . . . . . .  Standard Specifications. 1 . . . . . .  Transmitter Installation 5 . . . . . . . .  Sensor Installation. 7 
Junction Box Installation. . . .  12 
Operation. . . . . . . . . . . . . .  13 
Calibration. . . . . .  14 
Preventive Maintenance . l8 
Corrective Maintenance . . .  19 
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Transmitter Certification Specifications 

Groups A, B, C, and D, Divi- 
sion 2 and Class 11, Groups F 

. to 871CC Sensors 

A, B, C, and D, Division 2 and 
Class 11, Groups F and G, Divi- 

intrinsically safe associ 
sion 1 and Class 11, Groups E, ated apparatus and 871CC 
F, and G, Division 1 hazardous Sensors. 
locations. 

*Not available for optional suffix -A (Pure Water Automatic Temperature Compensation) 

Table 1. Measurement Ranges 
(See Parts List PL 611-012 for range resistor 

module Dart numbers.) 

0.1 cm" 

MEASUREMENT RANGE (a) 

MODULE  SUFFIX(^) I VALUE IN ~s/cm 

0 to 20 000 

Suppressed Zero (d) 

SENSOR CELL FACTOR (C) 

10 cm-' 

(=)For intermediate range, use next larger listing. 
(blldentified on transmitter data plate (see "Transmitter Identification" 

section). 
(clIdentified on sensor ( s e e  "Sensor Identification" section). 
1d)Specified in sales order. 
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Transmitter Identification 

RANGE ELECTRICAL CLASSIFICATION 
OUTPUT (FOR DETAILS SEE ADJACENT 
R A N C F  'ER) I I AGENCY PLATE ON TRANSMIT1 

I I 
SENSOR 
MODEL NO -3AGENCY PLATE 

Figure 2. 870CC Transmitter Identification 

- Sensor Specifications 

Note: Sensor types -B, -E, and - J may have additional limititions depending on bushing used. See 
sensor installation details. 

Temperature and Pressure Limits 

(a)See "Sensor Identification" and "Sensor Applications" sections for STANDARD or temperature 
identification. 

Ib)Low range limits same a s  for STANDARD sensors 
(=)For sensors with 0.1 cm-' cell factor only. 

HIGH TEMPERATURE SENSORS ( b, 
(MOUNTING DESIGN -C, -D, -H, AND -J) 

TEMPERATURE LIMIT AT MAXIMUM PRESSURE 

120°C (250°F) at 3.4 MPa (500 psi) 
150DC (300°F) at 2.5 MPa (375 psi) 
175OC 1350°F1 at 1.7 MPa 1250 wsi) (C) 

STANDARD TEMPERATURE SENSORS (a) 
(MOUNTING DESIGN - A ,  -B, -E, AND -F) 

Cell Factor: 0.1 or 10 cm-', as specified 
Measurement Range: 

0.1 Cell Factor: 0-1 to 0-100 uS/cm 
10 Cell Factor: 0-200 to 0-20 000 @/cm 

Cable Length: 6 m (20 Et) standard, other lengths [up to 30 m (100 ft)l 
optional 

TEMPERATURE LIMITS 

0 and 120°C 
(32 and 250°F) 

Sensor ldentification 

PRESSURE LIMITS 

-0.1 and +1.4 MPa 
(-15 and c200 psi) 

The identification of the operating details are contained within the 
suffix of the sensor model number. The first character in the suffix 
(a letter) refers to the type of mounting of the sensor (see "Sensor 
Applications" section). The second character (either "2" or " 4 " )  refers 
to the cell factpr: 2 = a cell factor of 0.1 cm-', and 4 = a cell 
factor of 10 c m -  . 
The complete sensor model number is either marked on a label attached 
to the sensor cable end or stamped on the maximum diameter on the sen- 
sor immersion end (see Figure 3). 

PRINTED LABEL 
MOUNTING TYPES -A, -E, -F, AND -H; 

(TYPE -A IS ILLUSTRATED) 

STAMPED MODEL NUMBER 
MOUNTING TYPES -B. -C, -D, and -J: 

(TYPE -B IS ILLUSTRATED) 

Figure 3. Sensor Identification 
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Sensor Applications 

SENSOR 
MOUNTING 
DESIGN 

-A 

-B 

-C* 

-D* 

-E 

-F 

-H* 

- J* 

'High temperatwe 

(Note: See Product Specifications 
for additional sensor and accessory 

APPLICATION 

A standard sensor incorporating a 3/4 NPT 
process connection that offers a wide 
variety of installation configurations. 
Mating cell holders are available. 

Universal-mount sensors designed to 
utilize Foxboro flanges and hex-head 
bushings. Used in larger diameter piping 
and in the sides of tanks. 

Sensors with sanitary fittings mate with 
50 mm (2 in) Tri-Clamp fittings. 

Insertion sensors are used with gate- 
valve insertion systems which allow the 
sensor to be removed from the system 
while it is operating without shutting 
down the process. 

Twist-Lock sensors are used with mating 
cell holders. A 1/4 turn by hand permits 
removal of the sensor for inspection and 
cleaning. 

Threaded bushings, 3/4 NPT with 1/2 NPT 
conduit connector. 

Threaded bushing, 3/4 NPT high 
temperature. 

Universal high temperature. 

sensors. See Temperature and Pressure Limits 

[PSS] 6-3C2 A 
specifications.) 

SENSOR 

))F 

- 
) )lib- 

(page 3) for additional d e t a i l s .  
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TRANSMITTER INSTALLATION 

a The mounting bracket, restraining pad, two U-bolts and nuts, and a hex-head bolt are in- 
cluded (in package) with the transmitter. 

The transmitter can be pipe or surface (wall or panel) mounted. For convenience, the trans- 
mitter can be rotated in the mounting bracket to any one of four positions in 90° incre- 
ments (see "To Rotate Transmitter" section). Attach the transmitter to the bracket befofe 
mounting the bracket. For input and output transmitter wiring, see "Installation Wiring 
section. 

Dimensions To Rotate Transmitter 
Refer to Dimension Print DP 611-010 for In choosing a mounting position, consider- 
transmitter dimensions, and to DP 611-131 ation should be given to access to operat- 
to DP 611-136 for sensor and accessories ing adjustments, field terminals, optional 
dimensions. indicator, and the removal of the t r a m -  

mitter covers. 

• Pipe Mounting 
For the desired position, insert the 
square projection on the base of the 

The transmitter can be mounted on either a transmitter into the square recess on the 
vertical or horizontal (illustrated in mounting bracket (see Figure 6 ) .  Securely 
~igure.4) DN 50 or 2 in pipe. I£ the pipe attach the transmitter to the base using 
is horizontal, the transmitter can be the hex-head bolt and the mounting 
positioned at any angle. bracket. 

Figure 4. Transmitter Pipe Mounting 

Surface Mounting 
The transmitter can be mounted on a wall 
or panel. The mounting bracket must be 
attached to the surface with four 5/16 in 
bolts supplied by the user (see Figure 5) 

For panel-mounting without the mounting 
bracket, the hex-head bolt 
(M16 X 1.5 X 35) can be used to mount the 
transmitter on the panel. The maximum 
panel thickness is 13 mm (1/2 in). 

SUPPLIED 
BY USER 

Figure 5. Transmitter Surface Mounting 

RESTRAINING PAD 

Figure 6. 
Positioning Transmitter Mounting Bracket 

Transmitter Earthing (Grounding) 
The transmitter case is normally earthed 
(grounded). Refer to the applicable elec- 
tric code for earthing (grounding) re- 
quirements. 

An earthing terminal is provided in the 
field-terminal compartment of the trans- 
mitter housing, as well as an earthing 
terminal for the optional output indicator 
(see Figure 10). 

If the signal circuit must be earthed, it 
is preferable to do so at the dc power 
supply. TO avoid circulating currents in 
earth (ground) loops, or the possibility 
of short-circuiting groups of instruments 
in a loop, there should be only one earth 
in a loop. 
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Installation Wiring 
All the installation wiring is made to the 
terminals in the field-terminal compart- 
ment of the transmitter. This wiring con- 
sists of the sensor wiring (input) and the 
supply-receiver loop wiring (output) (See 
Figure 7 ) .  

Both cables should be installed in metal 
conduit wherever possible for mechanical 
and radioLfrequency interference (RFI) 
protection. Install the conduit to mini- 
mize the accumulation of condensate in the 
transmitter. 

SUPPLY- \ 
RECEIVER CONDUIT CONNECTOR 
LOOP [SUPPLIED BY USER1 
CABLE 

Figure 7. Transmitter Installation Wiring 

Supply-Receiver Loop Wiring 
Run the supply-receiver loop cable into 
the transmitter through the left conduit 
connection (facing the field-terminal com- 
partment, connect the two leads as shown 
in Figure 10). The polarities are marked 
at the terminals. If the loop is to con- 
tain other instruments, install them in 
the negative lead, observing polarities as 
shown. 

The jack connections (below the input ter- 
minals) can be used for the optional out- 
Put indicator ( '2% of scale accuracy). 
The voltage at the jack connections is 100 
to 500 mV dc, corresponding to 0 and 100% 
output. 

Power Supply 
The supply voltage limits are 20 and 
40 V dc as indicated in Figure 8. However. 
for a given supply voltage, there is a 
maximum output-loop resistance. 

(€or example, if the supply voltage is 
30 V dc, the maximum allowable loop resis- 
tance is 800 $ 1 . )  To determine the actual 
output loop resistance, add the series 
resistance of each component in the loop. 

The power supply must be capable of sup- 
plying 22 mA dc. If the transmitter is 
used with a SPEC 200 receiver, the built- 
in 30 V dc (+15, -15 V dc) power supply 
can be used (provided the output loop 
resistance is not over 800 n ) .  

SUPPLY VOLTAGE VERSUS LOAD RESISTANCE 
C 

SUPPLY VOLTAGE, V dc 

Figure 8 .  
Transmitter Supply Voltage and 

Output-Loop Resistance 

Sensor Cable Wiring Details 
Run the sensor cable through the a 
1/2 NPT connection (facing the field- 
terminal compartment). Connect the four 
leads as shown in Figure 9. 

FIELD-TERMINAL 
COMPARTMENT 

. . . . . . . 
CONNECTION 

121 RED 

Figure 9. Sensor Cable Wiring 
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Output Wiring 

FIELD- EARTHING IGROUNDINGl 
TERMINAL TERMINAL FOR 
CONNECTIONS OPTIONAL OUTPUT 

IONAL OUTPUT 

JACK CONNECTIONS 

NPT CONDUIT CONNECTION 

INSTALL CONDUITTO MINIMIZE 
ACCUMULATION OF CONDENSATE 
IN TRANSMITTER. 

ADDITIONAL 
INSTRUMENTS 
I N  LOOP 

Figure 10. Transmitter Output Wiring 

• SENSOR INSTALLATION 

proper installation of the sensor is 
important for efficient and accurate 
operation. 

For all applications and sensor configura- 
tions, mounting arrangements must be lo- 
cated so that: 

1. Sample at the sensing area is repre- 
sentative of solution. 

2. Solution circulates actively and 
continuously pass the sensing area. 

3. Flow velocity at sensing area does 
not cause cavitation or cell damage. 

4 .  Position and orientation of the sen- 
sor does not trap air bubbles within 
the sensing area. 

5. Deposits of sediment or other for- 
eign material do not accumulate 
within the sensing area. 

6. If cable is installed in metal con- 
duit (recommended), either flexible 
conduit should be used or some other 
provision made for the removal of 
the sensor from the process. 

7. Lubricate all O-rings with a thin 
film of suitable grease. 

Installation of Sensor Types -A, 
-F, and -H 
These sensors have a 3/4 NPT male process 
connection. Illustrated in Figure 11 is a 
typical installation. These sensors can 
also be installed in a flow chamber avail- 
able from Foxboro (installation is similar 
to that in Figure 14). 

TYPE -F HAS 112 NPT 
CONDUIT CONNECTION 

F CONNECTION 
A T  CABLE 

-112 NPT 
PIPING 

in NPT 

CONNECTION 

Figure 11. 
Installation of 

Sensor Types - A ,  -F, and -H 
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Installation of Sensor Types -B 
and -J 
T h e s e  s e n s o r s  c a n  b e  c o n n e c t e d  t o  e i t h e r  a  
2  t h r o u g h  4 i n  ANSI C l a s s  1 5 0  f l a n g e  o r  
1 1 / 4  t h r o u g h  2 NPT f e m a l e  p r o c e s s  c o n n e c -  
t i o n  ( s e e  F i g u r e  1 2 ) .  S e n s o r  m o u n t i n g  
P a r t s  a r e  a v a i l a b l e  f o r  e a c h  t y p e  o f  
i n s t a l l a t i o n  ( t h e s e  m o u n t i n g  p a r t s  a r e  
s p e c i f i e d  a n d  o r d e r e d  s e p a r a t e l y  b y  p a r t  
n u m b e r ) .  O t h e r  m a t i n g  p a r t s  a r e  s u p p l i e d  
b y  t h e  u s e r .  T h e  t e m p e r a t u r e - p r e s s u r e  
l i m i t a t i o n s  o f  t h e  b u s h i n g s  a r e  200°C 
I39O0F) a t  1 . 7  MPa ( 2 5 0  p s i ) .  

FLANGE ACCESSORIES 

Installation of Sensor Type -C 
T h i s  s e n s o r  m a t e s  w i t h  a  2  NPT T r i - C l a m p  
f l a n g e  ( s e e  F i g u r e  1 3 ) .  The f l a n g e  o n  t h e  
p r o c e s s  t a n k ,  t h e  g a s k e t ,  a n d  t h e  c l a m p  
a r e  s u p p l i e d  b y  t h e  u s e r .  

One or two spacers are used depending on the flange 
thickness. The O-ring must be positioned correctly 
for proper seating. 

BUSHING ACCESSORIES 

R ILLUSTRATED1 

F i g u r e . 1 2 .  
I n s t a l l a t i o n  o f  S e n s o r  T y p e s  -B a n d  -J 

F i g u r e  1 3 .  
I n s t a l l a t i o n  o f  S e n s o r  Type -C 
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Installation of Sensor Type -E 

NOTE 
Sensor Types -A, -F, and -H can be 
installed in flow chambers having a 

a This sensor connects to either a Twist- Table 2. 
Lock flow chamber (see Figure 14 and Flow Chamber Specifications 
Table 2 ) ,  or a 1 1/4 or 1 1/2 NPT 

3/4 NPT sensor connection (in place 
of the Twist-Lock connection illus- 
trated). All other flow chamber 
installation details are the same. 

Twist-Lock bushing available from Foxboro. 
With the Twist-Lock bushing, the sensor 
can be connected to the user's 1 1/4 or 
1 1/2 NPT male process connection. 

1 1/4 NPT PVC I l 
THREAD 
SIZE 
(in) 

h INSERT PIN INTO 

RATED PRESSURE 
AT RATED TEMPERATURE - 

MATERIAL I MPa l psi 11 oc I OF 

l 

CORRESWN~ING 
HOLE I N  FLOW 
CHAMBER A N 0  
ROTATE SENSOR 
90° CLOCKWISE. 
TIGHTEN LOCKING 
SCREW ON FLOW 
CHAMBER. 

1 1/4 NPT 

LOCKING SCREW 

U-BOLTSSUPPLIED 
WITH FLOW CHAMBER 

114 NPT PERMIT MOUNTING 
OUTLET ON 8 mm 10.25 in l 

316 ss 

1/4 NPT INLET 

Figure 14. Installation of Sensor Type -E 
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Installation of Sensor Type -D 
Table 3. Gate-Valve Specifications 

This sensor joins with a 1 NPT gate-valve 
assembly, which is available from Foxboro. 
When the gate valve is installed, the sen- 
sor can be inserted or removed without 
disturbing the process. For gate-valve 
assembly specifications, refer to Table 3 
and Dimensional Print DP 611-120. 

PROCESS LINE 
CONNECTION 

(in) 

1 NPT 

A aate-valve assemblv installation must -~ ~- ~~~~~ ~ ~ ~- A ~ ~~ ~~ ~ 

meet mounting arrangements specified in 
"Sensor Installation'' section as well as 
the following requirements: 

RATED PRESSURE 
AT RATED TEMPERATURE 

1. Install the gate-valve assembly in a 
tee, boss, or flange that will ac- 
cept a 1 NPT connection. 

MATERIAL OF 
PROCESS WETTED PARTS 

M P ~  

1.4 
3.4 

2. Direct the flow of the solution (as 
much as possible) toward the sensing 
area. 

GATE VALVE 

316 ss 

3. Provide a minimum of 610 mm (24 in) 
space for removal of the sensor in 
the gate-valve assembly. 

psi 

200 
500 

Assembly of Gate-Valve Insertion Sensor 

SHOCK 
ABSORBER 

ptfe 

NOTE 
This procedure is for a new instal- 
lation. The process streamis un- 
filled and unpressurized. 

O-RING 

Viton 

'C 

120 
175 

1. Disassemble the locknut and the 
housing nut from the installed 
gate-valve assembly housing (see 
Figure 15). 

OF 

250 
350 

GATE-VALVE 

\ 
INSTALLED 
GATE.VALVE 
ASSEMBLY 

LOCKNUT b... 
HOUSING / U 
Figure 15. 

Disassembly of Locknut and Housing Nut 

2. Select the appropriate Mounting 
Design (-D) gate-valve insertion 
sensor for the application. 

3. Assemble parts onto the gate-valve 
insertion sensor cable as shown in 
Figure 16. 

ptfc SHOCK ABSORBER END OF 
EXTERNAL INSERTION 
THREADS ON SHAFT 
COLLAPSIBLE 

CONDUIT 

O.RING 

LOCKNUT SEAL 

CABLE 

Figure 16. 
Assembly of Parts 

Onto Gate-Valve Insertion Sensor Cable 

4. Lightly lubricate insertion shaft 
with silicone grease (or equivalent). 

5. Slide the ptfe shock absorber and 
the O-ring and seal onto the inser- 
tion shaft until the shock absorber 
is against the sensor assembly (see 
Figure 17). 

Do not nick the O-rings. 

INSERTION 
LOCATION OF SHAFT ILUBRICATEDI 
SHAFT STOP 

LOCKNUT SENSOR 
ASSEMBLY 

HOUSING ~ r f e  SHOCK 
' NUT AND SEAL ABSORBER 

Figure 17. 
Assembly of Gate-Valve Insertion Sensor 
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6. Slide housing nut onto the shaft to 
a position just beyond the shaft 
stop. 

7 .  Slide the locknut against the shaft 
stop. 

8. Slide the collapsible bushing and 
conduit connection onto the end of 
the shaft. (Do not tighten.) 

Installation of Gate-Valve 
Insertion Sensor 
1. Turn the gate-valve handle clockwise 

(see Figure 18) until the valve is 
completely seated (closed). 

2. Fill and pressurize the process line 
or tank as required. Check for and 
eliminate leaks. 

DO not exceed the sensor tem- 
perature and pressure limits. 

3. Insert the gate-valve insertion 
sensor into the housing isolation 
chamber until the O-ring and seal 
are seated into the end of the 
housing (see Figure 18). 

DO not nick the O-rings. 

4. Tighten the housing nut onto the end 
of the housing. 

NOTE 
The housingnut is supplied 
lubricated and should be re- 
lubricated periodically to 
prevent galling. 

GATE-VALVE 
HANDLE 

LOCKNUT 
\ 

BUSHING AND 
CONDUIT 
WNNECTION 

Figure 18. 
Installation of Insertion Sensor 

Into Gate Valve 

5 .  Slowly turn the gate-valve handle 
counterclockwise to fully open the 
valve. 

Gate-valve insertion sensor 
may retract while opening the 
valve. 

6. Check for and eliminate leaks. 

7. Insert the sensor into the process 
and tighten the locknut onto the 
housing nut. 

8. Slide the collapsible bushing 
against the locknut. 

9. Assemble the conduit connection 
assembly onto the collapsible bush- 
ing and secure the bushing onto the 
shaft of the gate-valve insertion 
sensor. 

Removal of Gate-Valve Insertion 
Sensor 

DO not loosen the housing nut 
(Figure 19) when the gate-valve 
unit is in the open position and 
the process line or tank is filled 
and pressurized. 

1. Carefully loosen and detach the 
locknut only. 

Gate-valve insertion sensor 
may retract rapidly. 

O-RING 

SHAFT NUT (IN ISOLATION 

Figure 19. 
Removal of Gate-Valve lnsertion Sensor 
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2. Allow the sensor to enter into the 
gate-valve housing isolation chamber 
(see Figure 19). 

NOTE 
Expose the insertion shaft 
190 mm (7.5 in) minimum 
before attempting to close 
the valve. 

3. Turn the gate-valve handle clockwise 
until valve is completely seated 
(closed). 

Do not loosen the housing nut 
i f r e  is a continuous 
leakage through the port on 
the housing nut. 

Check to be sure the valve is 
completely closed. If the 
leakage continues, the gate 
valve is not seating. The 
process line or tank may have 
to be emptied and depressur- 
ized. 

4. Loosen the housing nut and withdraw 
the insertion sensor shaft assembly 
from the housing isolation chamber. 

JUNCTION BOX INSTALLATION 

Junction Box Mounting 
The junction box is used when the trans- 
mitter is more than the maximum length of 
the sensor cable away. 

Cable length must be con- 
sidered so that connections 
can be made without exposing 
the cable to damage. 

1. Select a rigid surface and a posi- 
tion protected from damage or expo 
sure to excessive moisture or cor- 
rosive fumes. 

2. position the junction box against 
the mounting surface and mark the 
location of the mounting holes. 

3. nrill the mounting holes on the 
marked centers. 

4. Mount the junction box with appro- 
priate hardware (user supplied). 

Junction Box Wiring 
1. Remove the junction box cover and 

loosen the cable connectors (see 
Figure 20). 

2. Insert the sensor cable through the 
appropriate connector and connect 
the numbered terminals of the sensor 
cable to the corresponding numbered 
terminals on the terminal strip. 

3. Insert extension cable assembly 
through appropriate connector and 
connect the numbered terminals of 
extension cable assembly opposite 
the corresponding numbered terminals 
of the sensor cable. 

I .Typical Junction Box 
Mounting 

COVER 

Figure 20. Junction Box Wiring 
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a OPERATION 

Periodic Cleaning of Sensor 
The accuracy of the sensor may be affected 
by deposits from the process liquid. 
Therefore, the sensor may require cleaning 
on a scheduled basis (see "To Clean Elec- 
trode" section). 

Zero Adjustment 
Complete this procedure after the system 
is installed, but before putting the sys- 
tem in operation. This is an operating 
adjustment only. For a calibration check. 
see "Calibration Check" section. For a 
complete calibration, see "Calibration 
Procedure" section. 

If the transmitter is equipped with an 
optional output indicator, the indicator 
should not be used Eor this procedure as 
its accuracy is t28. 

1. Insert a 4-digit t0.1% milli- 
ammeter into the supply-receiver 
loop (see Figure 21). 

2. By independent means, accurately 
(20.5% or better) determine the 
conductivity of the process solution. 

ZERO MILLIAMMETER 
ADJUSTMENT 

Figure 21. 
Milliammeter in Supply-Receiver Loop 

3. Calculate (use the formula in 
Table 4) the transmitter output 
corresponding to the independently 
determined conductivity. 

4. Turn the ZERO adjustment so that 
output on the milliammeter reads the 
calculated value. 

The system is now ready for operation. 

Table 4. 
Output Calculations 

EXAMPLE 1: Formula To Calculate Output for any Conductivity Input is 
as follows: 

Output mA = Measured conductivity 
Uppet-range value 

If, System measurement range = 0 to 10 000 uS/cm 

and. Measured conductivity = 5000 uS/cm 

then, Output = (-) (16) + 4 12.00 mA 

EXAMPLE 2: With a suppressed-zero range, the formula is: 

mA F Measured value - ~ower-range value (16) + 

Upper-range value - Lower-range value 
If, System measurement range = 10 000 to 20 000 LIS/Cm 

and, Measured conductivity = 15 000 */cm 
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CALIBRATION 

Calibration Check* 
This procedure requires an accurately prepared solution of NaC1. This 
solution is used for the upper-range value (or near upper-range value)' 
conductivity test input. 

Table 5 lists the conductivity corresponding to various concentrations 
of an NaCl solution. If the calibrated upper-range value conductivity 
is not listed, use the solution concentration of the next-lower value. 
The milliampere output corresponding to this value can be calculated 
using the formula in Table 6. 

Table 6. Formula To Calculate Output For Any Conductivity Input 

Solution conductivity 
upper-range value 

EXAMPLE: System measurement range = 0 to 1600 !JS/cm 
(Since the solution with this conductivity is not listed in Table 5, 
use the solution with the next lower value, 1500 uS/Cm.) 

Concentration of 1500 uS/crn solution = 747 ppm (from Table 5). 

Output = (E) l + 4 = 19.00 mA dc 

With a suppressed-zero range, the formula is: 

Solution condutivit - Lower-ran e value 
upper-range valueY- ~ower-rang: value ) 6 + 4 

*For low conductivity ranges (i.e., -01 and - 0 2 ) .  use calibration procedures on Pages 13 
through 15 without the solution tests due to the fact it is difficult to accurately 
prepare a stable solution of such low conductivity. 
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1. Insert a 4-digit 3.1% milliam- 
meter into supply-receiver loop (see 
Figure 22). 

ZERO MILUAMMETER 

Figure 22. 
Milliammeter in Supply-Receiver Loop 

2. Remove the sensor from the process. 

a Wash the immersion end in distilled 
water. 

3. Immerse the sensor in distilled 
water. 

4. Adjust the ZERO adjustment to 
4 mA dc on the milliammeter. 

5. Dry the immersion end of the sensor 
and out this end into an NaCl solu- 
tion of proper concentration (see 
Table 5). 

NOTE 
~ o t  applicable to ranges -01 and 
-02. 

6. If output is not 20 mA dc (or calcu- 
lated value), the transmitter re- 
quires calibration (see "Calibration 
Procedure" section). 

NOTE - 
Not applicable to ranges -01 and 
-02. 

Calibration Procedure 
1. Remove the Eield-compartment housing 

cover to disconnect the external 
wiring (power supply loop and sensor 
leads) in the field-terminal 
compartment of the transmitter 
[field-terminal leads from terminals 
1, 2, 3 .  4 .  ( + l ,  and ( - 1 1 .  

7 .  Remove the transmitter housinq Cover -. ~~~- ~ 

from the electronic module 
compartment. Remove the two captive 
mounting screws and lift out the 
electronic module (see Figure 23). 

Use a small screwdriver to remove 
the right screw from the range re- 
sistor module cover. Loosen the left 
screw. Swing the cover down to 
expose the SPAN screw (see 
Figure 23). 

NOTE 
 he electronicmodule should 
be supported to prevent 
strain on the cable connect- 
inq the electronic module to 
transmitter. 

ELECTRONIC 

ADJUSTMENT 

ADJUSTMENT 

Figure 23. Access to Electronic Module 
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3. Connect the calibrating equipment as 
shown in Figure 24. 

Check that all terminal screws on 
the electronic module and in the 
field-terminal compartment are 
secure. 

4. Disconnect one decade box lead (in- 
finite resistance). Adjust the ZERO 
adjustment to 4 mA dc output on the 
milliammeter. 

5. Calculate the resistance correspond- 
ing to the upper-range value (use 
the formula in Table 7). 

6. Reconnect the decade box lead and 
set the decade box at the calculated 
value. Adjust the SPAN adjustment to 
20 mA dc output on the milliammeter. 

7. Repeat Steps 5 and 6. Reconnect the 
original wiring. 

NOTE -- 
Not applicable to ranges -01 and 
-02. 

Suppressed Zero 
NO> 

Not applicable for optional Suffix -A 
(Pure Water Automatic Temperature 
Compensation). 

1. Use the formula in Table 7 to calcu- 
late the resistance corresponding to 
the upper-range value. 

2. Calculate the resistance correspond- 
ing to the lower-range value (use 
the formula in Table 8 ) .  

3. Set the decade box to the value cal- 
culated in Step 2 (for the lower- 
range value resistance). Adjust the 
ZERO adjustment to 4 mA dc output on 
the milliammeter. 

4. Set the decade box to the value cal- 
culated in Step l (for the upper- 
range value resistance). Adjust the 
SPAN adjustment to 20 mA dc output 
on the milliammeter. 

5. Repeat Steps 3 and 4 until further 
adjustments are not required. 

6. Reconnect the original wiring. 

Table 7. 
Formula TO Calculate Resistance 

Corresponding To Upper-Range Value 

Cell Factor 
Resistance =(Upper-Range Value Conductivity in uS/cm)(106) 

EXAMPLE : Range = 0 to 2000 $/cm 

Cell Factor = 10 cm-' 

Resistance = (7%)(106) = 5000 n 

Table 8. 
Formula To Calculate Resistance 

Corresponding To Lower-Range Value 

Resistance = 
Cell Factor 

Lower-Range Value Conductivity in uS/cm 

EXAMPLE: Range = 1000 to 2000 $/cm 

Cell Factor = 10 cm-' 

Resistance = -- ( 1 0 ~ )  = 10 000 n (1::o) 



Figure 24. Calibration Equipment Connections and Adjustments 
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PREVENTIVE MAINTENANCE 

Electrode Inspection 
InsDect the electrodes as needed. The 
electrode should be cleaned periodically. 
See "To Clean Electrode" section for 
details. 

The transmitter normally requires servic- 
ing only if the transmitter cannot be cal- 
ibrated. if the system is malfunctioning, 
or if the range is to be changed. 

If the transmitter cannot be calibrated, 
or if the svstem is malfunctionina. check 
for a defective component and repiece this 
component. 

To Clean Electrode 
Deposits on the electrode (immersion por- 
tion of the sensor, [see Figure 2511 can 
Seriously affect the sensor's accuracy. 

A tentative schedule for cleaning the 
electrode should be established. The time 
interval between cleanings can be in- 
creased or decreased (depending on the 
nature of the process liquid or the dif- 
ference between the conductivity readings 
before and after cleaning). 

1. Remove the sensor from the process. 

2. Gently move the immersion portion of 
sensor in a dilute solution of a 
suitable acid or base (to agitate 
solution1 until the deposits are 
loosened. 

Choice of the cleaning solution 
depends on the nature of the process 
liquid and deposits. 

3. Use a soft brush (e.g., toothbrush) 
to wipe away deposits. Remove 
deposits from inaccessible areas 
with a cotton swab. 

4. Repeat Steps 2 and 3 until sensor is 
clean. 

5. With a sensor having a cell factor . 
of 10 cm-', slide the plastic 
sleeve over retaining pin and remove 
sleeve (see Figure 251. Clean both 
sides of the piastic sleeve. 

6. Rinse sensor thoroughly in distilled 
water, reinstall plastic sleeve (if 
removed), and return the sensor to 
the process. 

CELL FACTOR 10 cm-' 

PLASTIC 
SLEEVE 

CELL FACTOR 0.1 cm-' 

Figure 25. Immersion Portion of Sensors 
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CORRECTIVE MAINTENANCE 

To Identify Defective Component 

CAN TRANSMITTER 
BE CALIBRATED? k 

. . . - - - - . . . - . . . - -- . 
PARTMENT CHECK RANGE 
RESISTOR MODULE ISEE INSERT CORRECT 
PL 611.012 FOR RANGE AND RANGE MODULE 
PART NUMBERI. IS MOOULE 
CORRECT CALIBRATION RANGE? 

YES& 

I MEASURE RESISTANCE BETWEEN 
YEL A N 0  ERN AND BETWEEN 
ERN AND ORN TERMINALS. 

I ISSUM OF RESISTANCES 
APPROXIMATELY 1 W  XRI 

REPLACE ZERO 
ELECTRONIC WTENTIOMETER 
MODULE (SEE (SEE PAGE 201. 

IFSYSTEM ISSTILL 
MALFUNCTIONING. REPLACE 
SENSOR. 

To Replace Electronic Module 
(See "Transmitter Disassembly" section for electronic module replacement details.) 

ELECTRONIC 
MOOULE 7 

CAPTIVE - 
SCREWS I21 

Figure 26. Electronic Module Replacement 
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Transmitter Disassembly 
The disassemblv of the transmitter is 
usually limited to that shown in 
Figures 23 and 26. Normally, the elec- 
tronic module and ZERO potentiometer are 
the only parts that wili require 
replacement. 

NOTE - 
The range resistor module may re- 
quire replacement if the range is 
to be changed (see To Replace 
Range Resistor Module." section). 

1. Disconnect the external wiring 
(supply-receiver loop and sensor 
leads) from field terminals of 
transmitter. 

2. Remove the cover from the electronic 
module compartment. Loosen the two 
captive mounting screws and lift out 
the electronic module from the 
transmitter housing (see Figure 26). 

3. Disconnect the seven leads from the 
upper terminals, and the five leads 
from the lower terminals. 

4. Connect these leads to the corre- 
sponding terminals on the new elec- 
tronic module. 

5. Cali,brate the transmitter. 

To Change Range 
The system can be calibrated to any range 
within the limits specified for the par- 
ticular combination of the sensor cell 
factor (either 0.1 or 10 cm-') and the 
range resistor module installed in the 
electronic module. Table 1 lists the range 
limits for each combination of cell factor. 

If the desired range is outside the limits 
of either the range resistor module or the 
combination of the range resistor module 
and sensor, install the appropriate new 
components. 

NOTE 
For transmitter with optional Suffix - A  
(Pure Water Automatic Temperature 
Compensation) range resistor must also 
be replaced (see Figure 27). See Parts 
Lists PL 611-012 for applicable numbers 
for range resistor and range resistor 
module. 

Recalibrate the transmitter to the new 
range and change the data plate to in- 
dicate the new conditions. 

To Replace Range Resistor Module 
1. Lift out the electronic module from 

the transmitter housing (see Steps 1 
and 2 in 'Transmitter Disassembly" 
section). 

2. Remove the right screw from the 
range resistor module cover (use a 
small screwdriver). Loosen the left 
screw. Move the cover down to exoose - ~ 

the range resistor module (see 
Fiaure 271. 

Range resistor on optional 

COVER 

W 
Figure 27. 

Range Resistor and Range Resistor 
Module Replacement 

3. Use two small thin-blade screw- 
drivers to pry up range resistor 
module. 

4. Insert the new range resistor module. 

5. Calibrate the transmitter 

To Replace ZERO Potentiometer 
1. Remove, but do not disconnect, the 

electronic module from the trans- 
mitter (Steps 1 and 2 in "Trans- 
mitter Disassembly" section). 

2. Remove the two mounting screws hold- 
ing the ZERO potentiometer bracket 
to the casting (see Figure 28). 

ZERO POTENTIOMETER MOUNTING SCREWS 

CABLE CLAMP 
Figure 28. 
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Raise (carefully) the left side of 
the ZERO potentiometer bracket 
assembly, so that the ZERO poten- 
tiometer shaft slips out of the rub- 
ber coupling. 

Cut the three leads off the ZERO 
potentiometer terminals (see 
Figure 29). Strip insulation off the 
ends of the wires. 

Loosen the cable clamp (if more 
slack in the 5-wire cable is 
required). 

Remove the ZERO potentiometer from 
bracket. (Note the orientation of 
the ZERO potentiometer on the 
bracket for correct reinstallation.) 

Mount the potentiometer onto the 
bracket, maintaining original 
orientation. 

Solder (carefully) the three leads 
onto the terminals of the new ZERO 
potentiometer. Use a suitable 
sealant on the soldered joints. 

Reinstall the new ZERO potentiometer 
in reverse order of removal. Use 
care not to damage the RFI terminals 
or wires. 

SPEC 200 is a trademark of The Foxboro Campany. 
Tri-Clamp is a trademark of Ladieh Company. 
Viton is a trademark of E.I. duPont de Nemours and Company. 

BROWN 
1 ORANGE 

Figure 29. 
ZERO Potentiometer Wiring 
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WARRANTY 
Except as hereinafter provided, the Company (here warranty except those made with Foxboro's written 
inafter called uFoxboro") warrants that al l  parts consent. Foxboro shall be liable for breach of this 
manufactured by it (but not by others) shall be with- warranty only i f  i t  receives written notice of such 
i n  specified limits of calibration, i f  any, and free breach within one year from the date of shipment of 
f m  defects in material or workmanship, under the product to which the breach relates. The fo re  
proper and normal use. Foxboro, at i ts option, shall going shall constitute the sole remedy of the pur- 
replace or repair, free of charge, any part covered chaser for any breach by Foxboro of  i t s  warranty. 
by this warranty which shall be returned, transporta- 
tion charges prepaid, within one year from shipment FOXBORO MAKES NO WARRANTIES REGARDING 
by Foxboro and which examination proves not m be PARTS MANUFACTURED BY IT OR OTHERS (INCLUD- 
within the specified limit of-calibration or not to be ING WITHOUT LIMITATION WARRANTIES AS TC 
free from such defects in material or workmanship. MWCHANTABILITY), EITHER EXPRESSED OR IM- 
Foxboro shall not be liable for any repairs or re- PLIED. EXCEPT AS PROVIDED HEREIN. 
placements of parts by others and covered by this 

SERVICE 
The Company i s  anxious to be of every possible Foxboro (Nederland) N.V., Soest, Netherlands pm- 
assistance to you, to insure your continued satis- vide expertly staffed and fully equipped Training 
faction. A fully qualified Service Engineer wi l l  call Schools devoted to the instruction of customer's 
promptly i f  the need arises. Arrangements for this Instrumentation Engineers and Service Men. The 
service may be made through your nearby Foxboro courses cover theory of operation, maintenance and 
Sales Representative. When factory repairs are re- application of the principial types of instruments. 
quired, the instrument may be sent to any F o r b m  Applications from Companies in the British Isles 
plant. Check with your International Sales Repre- should be made to Foxboro-Yoxall Ltd.; from those 
sentative who wil l  advise you as to which plant in the other pans of the world, to the nearest lnter- 
should be utilized: national Sales Representative as listed on the last 
The Foxboro Company, Foxboro Mass. U.S.A.; sheet of this book. 
Foxboro-Yoxall Ltd., Redhill, Surrey, England; and 

PARTS 
When repairs are to be made by the customer, i t  i s  data plate when requesting parts l ists or ordening 
strongly urged that only genuine Foxboro parts be parts. (Men unfamiliar with Foxbom Instruments, or 
used. Parts l ists for Foxboro Instruments may be lacking the proper tools and equipment should not 
obtained by writing to your Foxboro Representative. be permitted to unoertake any major service work). 
Always give the serial number from the instrument 

REPLACEMENT 

' 
Improvements i n  design,materials,or methods some We can help you in every way possible in discuss- 
times make i t  worth while to replace rather than ing such problems with you. 
repair an instrument which has been in service for In this way you wi l l  be made aware of the latest 
a long period of time. available equipment. 

CHARTS 
Since the accuracy of any recording instrument ments i s  essential if full performance of the instru- 
depends, finally, on the accuracy of the cart, the ment is to be realized. 
use of Foxboro Humitex Carts with Foxboro Instru- 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based 
systems that control entire plants. Industries sewed are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and stan-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phorie: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue. Foxboro, 
Massachusetts, U.S.A. 02035, Phone: 617 543-8750. 

Printed in the Netherlands 0 Registered Trademark 
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Redhill Surrey England 
RH1 7 H I ~  

Foxboro Yoxall 
A Division of Foxboro Great Britain Limited 

Guarantee 
The Company undertakes t o  replace free o f  
charge any component of its own manufacture 
(which excludes electronic tubes) which, in 
the opinion of the Company, is not within the 
specified limit of calibration or is defective in 
material or workmanship under normal or 
proper use, provided that the same is returned 
at the customer's risk and exDense t o  the 
Company's works within twelve months from 
the date of the des~atch bv the Com~anv of the . . 
equipment to the customer. 
All re~resentations, conditions, guarantees and 
warranties by law or otherwise howsoever 
ex~ressed or implied are hereby excluded to the 
intent, except as above provided, after delivery 
t o  and acceptance by the customer o f  any 

Service 
The Company is anxious to be of every possible 
assistance to you, to ensure your continued 
satisfaction. A ful ly qualif ied Service 
Engineer will call promptly if the need arises. 
Arrangements for  this service in the British 
lsles should be made wi th  the Company at 
Redhill. In other parts of the World arrange- 
ments should be made through the nearest 
Representative and/or Factory listed at the end 
of this book. 
A unique feature of Foxboro service - of 
particular interest to Companies which do not 
have Instrument Departments or enough 
qualified Staff to carry out regular inspection 
and maintenance - is the Service Contract. 
Under this arrangement. a Foxboro Service 
Engineer will call a i  stated intervals to check the 
condition and operation of all Foxboro Instru- 
ments in your Plant. The Service Contract is 
also used by Companies for the routine inspec- 
t ion and maintenance of highly technical 
instrumentation which requires specialised 
knowledge and experience. 
The Company provides an expertly staffed 
and fully equipped Training Centre at Redhill 
devoted t o  the  instruction of customers' 
Instrumentation Engineers and Service Men. 
The courses cover: theory of operation 
maintenance and application of the principal 
types o f  instruments. Applications f rom 
Companies in the British lsles should be made 
to Redhill, Surrey; from those in other pans of 
the world, t o  our nearest Representative as 
listed at the end of this book. 

Tel: Redhi11 (0737) 65000 
Telex: 892852 
Telegram: Yoxbri Redhill 

equipment or apparatus, the Company shall not 
be liable for any loss, damage, injury, delay 
or expense or consequential loss or damage 
howsoever arising from or in respect of the 
eouipment or apparatus or the use thereof. 

Pyrometer Thermocouples, ResistanceThermo- 
meter Bulbs, and Protection Tubes, on account 
of the severity of their usage, are not subject to 
replacement unless returned unused. 

The Company shall not be liable for loss, da- 
mage, detention or delay caused by fire, strike, 
civil, or military authority, insurrection or riot, or 
for other cause beyond its reasonable control. 
Acceptance of apparatus by the Purchaser shall 
constitute a waiver of all claims for delay. 

Parts 
Parts Lists for  Foxboro Instruments maybe  
obtained by writing to the above address. I t .  
is strongly urged that only genuine Foxboro 
pans be used. Always give the serial number 
f rom the instrument data d a t e  when 
requesting parts lists or ordering parts. 
(Those unfamiliar with Foxboro Instruments. or 
lacking the proper tools and equipment, 
should not  be permitted t o  undertake any 
major service work.) 

Replacement 
The Company has considerable knowledge 
and experience in regard t o  the economic 
life of Foxboro instrument equipment and will 
give advice on the desirability or otherwise, of 
f i t t ing new parts into the older models. 
Improvements in design, materials, or methods 
sometimes make it more economic to replace 
rather than repair an instrument which has 
been in service for a long period of time. 

Charts 
To obtain the most accurate and consistent 
recording performance from our instruments, 
westrongly recommend the use of genuine 
Foxboro strip and circular charts. 



GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

FORM 8062 (1183) @~pllstered Trademark 
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E92-R SERIES 
PN EUMATIC-TO-CURRENT CONVERTER 

(Rack-Mounted) Style B 

. -- 

The E92-R S e r i e s  C o n v e r t e r  r e c e i v e s  a 
pneumat ic  p r e s s u r e  s i g n a l  and t r a n s m i t s  it 
a s  a  p r o p o r t i o n a l  e l e c t r i c a l  4 t o  20 mA o r  
10 t o  50 mA o u t p u t  s i g n a l .  

When two v a l u e s  o f  c u r r e n t  a r e  g i v e n  i n  
t h i s  i n s t r u c t i o n ,  t h e  f i r s t  v a l u e  is f o r  
c o n v e r t e r s  w i t h  a  4 t o  20 m A  o u t p u t ,  and 
t h e  second v a l u e ,  which i s  i n  p a r e n t h e s e s ,  
i s  f o r  c o n v e r t e r s  w i t h  a 10 t o  50 mA 
o u t p u t .  

P r i n c i p l e  o f  O p e r a t i o n  
* 

I 
RETERENCE 

A N D  
REGULkTOR 

l 

ZERO aOJUS1 I B SPRING 4 

9- a The i n p u t  s i g n a l  i s  a p p l i e d  t o  a b e l l o w s  
which moves a  l e v e r  f a s t e n e d  t o  a  c l o s e d  
l o o p .  The movement o f  t h e  l o o p  changes  t h e  
i n d u c t a n c e  i n  c o i l s  L1 and L2, a l s o  chang- 
i n g  t h e  a m p l i t u d e  of t h e  LC o s c i l l a t o r .  
The change i n  o s c i l l a t o r  a m p l i t u d e  is 
s e n s e d  bv a d e t e c t o r .  which d e v e l o ~ s  a  
v o l t a g e  b r o p  a c r o s s  r e s i s t o r  R12. The 
v o l t a g e  d r o p  i s  t h e n  fed  t o  a m p l i f i e r  2  
which i s  used t o  d r i v e  t h e  o u t p u t  t r a n -  
s i s t o r  p r o d u c i n g  o u t p u t  c u r r e n t  I . The 
o u t p u t  c u r r e n t  i s  s e n s e d  by r e s i s ? o r  R18 
and fed  back t o  t h e  o t h e r  i n p u t  o f  ampl i -  
f i e r  2 .  R e s i s t o r  R 1 1  i s  used  t o  b i a s  am- 
p l i f i e r  2 .  

When t h e  i n p u t  s i g n a l  is  a t  60 kPa o r  
9 p s i  and t h e  c o n v e r t e r  o u t p u t  a t  12 mA 

( 3 0  mA), t h e  l o o p  i s  a t  t h e  mechan ica l  
c e n t e r  p o s i t i o n .  A m p l i f i e r  1 c a u s e s  t h e  
sum o f  t h e  c u r r e n t s  t h r o u g h  L1 and L2 t o  
b e  e q u a l  t o  a r e f e r e n c e  c u r r e n t  by r egu-  
l a t i n g  t h e  o s c i l l a t o r  a m p l i t u d e .  The r e f -  
e r e n c e  c u r r e n t  i s  e s t a b l i s h e d  by t h e  
r e g u l a t o r .  A t  t h i s  s t a g e ,  t h e  o s c i l l a t o r  

10/7R 
BHegistered Trademrk b 1979 by The Foxboro brnpdny 

o u t p u t  i s  a t  maximum a m p l i t u d e .  

A change i n  i n p u t  s i g n a l  from 60  kPa o r  
9 p s i ,  moves t h e  l o o p  from t h e  m e c h a n i c a l  
c e n t e r  p o s i t i o n .  T h i s  c a u s e s  a d i f f e r e n c e  
c u r r e n t  t o  f low t h r o u g h  i n d u c t o r s  L1 and 
L2 p r o d u c i n g  a d e c r e a s e  i n  o s c i l l a t o r  
a m p l i t u d e .  Depending on whe the r  t h e  d i f f -  
e r e n c e  c u r r e n t  i s  p o s i t i v e  o r  n e g a t i v e ,  
t h e  o u t p u t  c u r r e n t  w i l l  e i t h e r  i n c r e a s e  o r  
d e c r e a s e  from t h e  12 mA (30 mA) c e n t e r  
p o s i t i o n .  

Printed in Engand 
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S p e c i f i c a t i o n s  P a r t s  L i s t  

Inout  S i z n a l :  20 t o  100 kPa o r  3 t o  15  o s i  Item 

--- 
- - 

D e s c r i p t i o n  

P r i n t e d  Wir ing  Assembly (4-20 mA 
P r i n t e d  Wir ing  Assembly (10-50 mA 

P a r t  No. -.. - 

ou tbu t  S i g n a l :  4 t o  20 m A  ( s e e  Page 3 j  ' 
l 0  t o  50 mA i n t o  a  480 t o  660 n load  

Accuracy: f 0 . 2 5 %  of  span 
Ambient Temperature L imi t s :  5  and 50°C (40 and 120°F) 

Power Suoolv: 4  t o  20 m A  o u t o u t :  24 t o  50 V d c .  o r  + l 5  and R e s i s t o r ,  68 kn i2$, 1/4 W 
R e s i s t o r ,  470 n '22, 1 W 
R e s i s t o r ,  15 M *0.1%, matched p a i r  
R e s i s t o r .  20 kn l 1/8 W 

.. " . . 
-15 V dc f r o m - ~ ~ ~ c  200 source  

10 t o  50 mA o u t p u t ;  63 t o  100 V dc 
E l e c t r i c a l  C l a s s i f i c a t i o n :  A s  l i s t e d  on d a t a  p l a t e  

~ o t e n t i o k e t e r ,  5 kn.(Not p a r t  of  P r i n t e d  
Board Assembly) Conver te r  Dimensions 

R e s i s t o r ,  5.62 kn ?l%, 1/8 W 

R e s i s t o r ,  10  kn, 13.7 kn, matched a i r  
R e s i s t o r .  270 17 ?2%. l W 14-20 mA? 
~ e s i s t o r ;  120 n ?2%; l W ( i0-50 m A j  
R e s i s t o r ,  15  kn ? 2 % ,  1/4 W 
R e s i s t o r ,  820 R +2%, 1/4 W 
R e s i s t o r ,  1 . 3  kn *l%, 1/8 W 
R e s i s t o r ,  6 2 .l kn +l%, 1/8 W 

3 e s i s t . ~ r ,  1.07 : r0.1%, l/i 51 (--23 nA ~ 0 2 9 8 ~  
3 n s i s r o r ,  -0.2 c rO.Ik, 1,'- W (19-59 ITA] ~ 0 2 9 8 L ~  
R e s i s t o r ,  25 (L-20 mA (:Jot on P r in t ed  ~ 0 2 8 6 ~ ~  
R e s i s t o r ,  10 c (10-50 rrA{) aoard Assenbly) N0143Tx 
R e s i s t o r ,  10 kn r2%, 1/4 W E0156KT 

R e s i s t o r ,  03 R ?2%,  1/4 W (on FM E0286QG 
I n t r i n s i c a l l y  S a f e )  

R e s i s t o r ,  750 R 225, 1 / 4  W (on a l l  o t h e r  4-20 mA)  ~0156FC 
R e s i s t o r ,  560 R 22%, 1 W (on FM E0286QE 

I n t r i n s i c a l l y  S a f e )  
R e s i s t o r ,  820 R ? 2 % ,  1 / 4  W (on a l l  o t h e r  4-20 mA) ~0156FE  

R e s i s t o r .  4.7 kR +2%. 1/4 W ~ 

~ e s i s t o ; :  2 7 . ~ 1  ?2$,'1/4 W 
R e s i s t o r ,  100 M +2%, 1/4 W 
n e s j a t o r  4 . 3  kR 22%. 1/4 Y - ~~~ . . 
Capac i t o r ,  0.47 uF, 50 V, ceramic 
Capac i to r ,  1 #F, 50 V ,  ceramic 
Capac i t o r ,  Capac i to r ,  0.039 0.012 uF, pF, 50 100 V, V po lycarbona te  

Capac i to r ,  0 . 1  uF, 100 V 

I n s t a l l a t i o n  P ip ing  and Wirinq 

Make pneumatic and e l e c t r i c a l  connec t ions  a s  shown. Tes t  t e r m i n a l s  
p rov ide  a  100 t o  500 mV t e s t  s i g n a l  which i s  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  c u r r e n t  ou tpu t  s i g n a l .  

Capac i t o r ,  4700 pF, 100 V 
Capac i t o r ,  0 .1  @F, 100 V 
Capac i to r ,  0 .01  uF 

H O l l l B C  

Capac i to r ,  100 pF, mica 
Capac i to r ,  0.1 uF, 100 V 
Capac i t o r ,  10 pF, mica 
Caoac i t o r .  10  oF. ceramic 
~ i o d e ,  ~ y p e  1 ~ 4 1 4 8  
Diode, Type 1N4611.4 

DC , POWER SUPPLY T r a n s i s t o r ,  Type 2N2307A 
Trano i s ro r ,  7y3e 2N3L61 (Not F l r t  of  P r i n r ed  

' ~ o a r d  Assembly) 
T r a n s i s t o r ,  Type 2N2905A (4-20 mA 
T r a n s i s t o r .  TvDe 2N5680 110-50 mA 
T r a n s i s t o r ;  ~ & e  2 ~ 2 4 8 4  '(&-GO 
T r a n s i s t o r ,  Type 2N344O (10-50 

RECEIVER 
TERMINAL BOARD Opera t iona l  Ampl i f ie r ,  Type m 3 0 8  

Transformer 

F i l t e r ,  r a d i o  frequency i n t e r f e r e n c e  
(Not on P r in t ed  Board Assembly) 

Converter  Assembly (Not p a r t  of  P r i n t ed  
Board Assembly) 
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C O N M C T  S C O R  
TO S F 3  AND S P 4  

::FLY: 1 
THAN IOVpp? 

1 1  I P R I M A R Y I . R I  
AND C2 FOR 
SHORT OR O R N  

CONMCT SCOPE CHECK VALUE 
ACROSS CR1. 

T I  I P R I M A R Y I  

WAVEFORM SIMILAR 

WAVEFORM? ISEE 
PAGE 81 

R E R A C E  
CR2 - CR4 DIODE 
CORRECT? 

Component L o c a t i o n  Diagram 

NOTE 
C I I  OTEU U U 

R e s i s t o r s  R22, R23, a n d  R24 a r e  used  i n  
c o n v e r t e r s  w i t h  4 t o  20 mA o u t p u t .  Wire 
jumpers r e p l a c e  t h e s e  resis tors  i n  con- 
v e r t e r s  w i t h  1 0  t o  50 mA o u t p u t .  

C o n v e r t e r  O u t p u t  Load R e s i s t a n c e  
( 4  to  20 mA O u t p u t  o n l y )  

2000 

For  a g i v e n  s u p p l y  v o l t a g e  between 24 and 
50 V d c ,  t h e  c o n v e r t e r  must o p e r a t e  w i t h i n  
t h e  shaded a r e a  i n  g raph  a t  r i g h t .  For  ex -  
ample ,  w i t h  a  24 V dc  power s u p p l y ,  t h e  
c o n v e r t e r  o u t p u t  l o o p  l o a d  r e s i s t a n c e  must 
be  between 0  and 575 ohms. 

To d e t e r m i n e  t h e  c o n v e r t e r  o u t p u t  l o a d  
r e s i s t a n c e ,  add t h e  i n p u t  r e s i s t a n c e  of 
each  component i n  a s e r i e s  l o o p  connec ted  
t o  t h e  c o n v e r t e r  o u t p u t .  

C a l i b r a t i o n  

- ,500 
m z 
U " 
* * 
(0 IOW 
m 

% 

9 
& 3 

" 0 0  
0 

VALVE a 

. 

. 

1. Connect equipment  a s  shown above.  

2 .  C l o s e  Valve A .  m- /'m 3.  Adjus t  dead-weight  t e s t e r  r o r  60 kPa 
o r  9 p s i  o u t p u t .  

J 

4.  Turn z e r o  a d j u s t m e n t  sc rew u n t i l  d i g -  
i t a l  v o l t m e t e r  measures  300 mV. 

5  Adjus t  dead-weight t e s t e r  f o r  100 kPa 
o r  1 5  p s i  o u t p u t .  

6 .  Turn span  a d j u s t m e n t  s c r e w  u n t i l  d i g -  < i t a l  v o l t m e t e r  measures  500 mV. S l i d e  
d a t a  l a b e l  t o  t h e  l e f t  t o  g e t  a c c e s s  
t o  t h e  s p a n  a d j u s t m e n t  s c r e w .  . . 
To r e d u c e  i n p u t  p r e s s u r e  s i g n a l ,  open 
Valve  A .  

7 .  Ad jus t  dead-weight t e s t e r  f o r  20 kPa 
or  3  p s i  o u t p u t .  D i g i t a l  v o l t m e t e r  
s h o u l d  measure  100 mV. 

"TAJJy:sT LABEL 

ADJUST 

8.  Repeat S t e p s  3 t h r o u g h  7 u n t i l  o u t -  
p u t s  a r e  c o r r e c t  w i t h o u t  a d j u s t m e n t .  
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Fault Location (Troubleshooting) 

This section includes the following Service points referred to on the 
aids: (1) flow diagrams, (2) component dia- flow diagrams (such as SP3) are shown 
grams, (3) schematic diagram, and (4) parts on the schematic diagram. All voltages 
list. are referenced to E6 on schematic dia- 

gram unless otherwise specified. 
The flow diagrams consist of servicing 

checks to be made with fault isolating 
branches to be taken when a malfunction is 
encountered. 

CONNECT VOLTMTnR 
TO D I + )  AND 

INCORRECT OUTPUT 
WHEN INPUT SIGNAL 

I S  APRIED. C 
INPUT SIGNAL 

CORRECT? 
CONNECT VOLTMETER 
TO 0 5  AND S R .  1 1 IWIM POw; OFF I S  1 No , 

A P R Y  CORRECT RESISTANCE BETWEEN 
INPUT SIGNAL E8 TO Ell. AND E8 TO 

El3 APPROX. ZM&l ? 

VFC 

7 vOITAG~y THAN t l D n V 7  i 
Right 

CONNECT VOLTMETER 
TO E15 AND SP7. 

RERACE RERACE 

DEFECTIVE COILS 
(L I AND 121. AND 

YES 

CONNECT SCOFf 
TO E8 AND SP7. 

THAN +W7 

REPUCE 

OSCIUATOR 
AMRITUDE 
GREATER M THAN 

YES 

CHECK CONNECT VOLTMElER 
POWER S U P R Y  TO SP1  ( + l  AND 

SPZ (-1. CONNECT TO E8 AND SCOPE E l l  
CHECK R9 

AND ASSOCIATED 
WIRING. , , , 

ACROSS CR97 

CHECK ALL 
RERACE REGULATOR VMTAGES 

CR9. SEE SCHEMATIC 

PAGE 8. 

END OF CHECK 6 
VOLTAGE LESS 
M A N  IQnV?  

F 1  THAN I h V 7  

TO TO 

YES 

Page 5 Pa je  5 

I NO 
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E92-R SERIES PNEUMATIC-TO-VOLTAGE CONVERTER 
(Rack-Mounted) Styles A and B 

The E92-R S e r i e s  C o n v e r t e r  r e c e i v e s  a  
pneumat ic  20 t o  100 kPa o r  3 t o  1 5  p s i  
p r e s s u r e  s i g n a l  and t r a n s m i t s  i t  a s  a  
p r o p o r t i o n a l  0  t o  1 0  V dc  o u t p u t  s i g n a l  

V 
Printed in Englano 

P r i n c i p l e  o f  O p e r a t i o n  
r l 5 V D C  

INPUT 

The i n o u t  s i a n a l  i s  a o o l i e d  t o  a  b e l l o w s  
which moves a l e v e r  f i i t e n e d  t o  a c l o s e d  
l o o p .  The movement of t h e  l o o p  changes  t h e  
i n d u c t a n c e  i n  c o i l s  L1 and L2, a l s o  chang- 
i n g  t h e  a m p l i t u d e  o f  t h e  LC o s c i l l a t o r .  
The change i n  o s c i l l a t o r  a m p l i t u d e  i s  
s e n s e d  by a d e t e c t o r ,  which d e v e l o p s  a  
v o l t a g e  d r o p  a c r o s s  a r e s i s t o r .  The 
v o l t a g e  d r o p  i s  t h e n  f e d  t o  a m p l i f i e r  2  
which p r o d u c e s  o u t p u t  v o l t a g e  Eo. 

When t h e  i n p u t  s i g n a l  i s  a t  6 0  kPa o r  
9 p s i  and t h e  c o n v e r t e r  . o u t p u t  a t  5 V ,  t h e  
l o o p  i s  a t  t h e  m e c h a n i c a l  c e n t e r  p o s i t i o n .  
A m p l i f i e r  1 c a u s e s  t h e  sum of t h e  c u r r e n t s  
t h r o u g h  L1 and L2 t o  be  e q u a l  t o  a r e f -  

e r e n c e  c u r r e n t  by r e g u l a t i n g  t h e  o s c i l l a -  
t o r  a m p l i t u d e .  The r e f e r e n c e  c u r r e n t  i s  
e s t a b l i s h e d  by t h e  r e g u l a t o r .  A t  t h i s  
s t a g e ,  t h e  o s c i l l a t o r  o u t p u t  i s  a t  maximum 
a m p l i t u d e .  

Q)Ragirtered Trademark 0 1979 by The FoxbDro Company 

A change i n  i n p u t  s i g n a l  from 60 kPa o r  
9 p s i ,  moves t h e  l o o p  from t h e  m e c h a n i c a l  
c e n t e r  p o s i t i o n .  T h i s  c a u s e s  a d i f f e r e n c e  
c u r r e n t  t o  f low t h r o u g h  i n d u c t o r s  L1 a n d  
L2 p r o d u c i n g  a  d e c r e a s e  i n  O s c i l l a t O r  
a m p l i t u d e .  Depending on whe the r  t h e  d i f f -  
e r e n c e  c u r r e n t  i s  p o s i t i v e  o r  n e g a t i v e ,  
t h e  o u t p u t  c u r r e n t  w i l l . e i t h e r  i n c r e a s e  o r  
d e c r e a s e  from t h e  5  V c e n t e r  p o s i t i o n .  
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Specifications 

'Input Signal: 3 to 15 psi or 20 to 100 kPa 
Output Signal: 0 to 10 V dc 

Accuracy: +0.25% of span 
Ambient Temperature: 40 to 120 'F (5 to 50 'C) 

Output Load: 2 kn to infinity 
Power Supply: +l5 V dc i5$, 8 mA 

-15 V dc +5$, 2 mA 
Mounting: Rack 

Parts List 

Description 

Printed Wiring Board 

Part No. 

~0138NE 

Item 

- 
Resistor, 68 M +2$, 114 W E0156LY 
Resistor, 4.7 M 2 1/4 W EOE~KF 
Resistors, 15 M *0.1$, matched pair ~ 0 2 8 6 H ~  
Resistors, 20 kll l 1/8 W E0133BW 
Resistors, 10 M i2$, 114 W E0156KT 
Potentiometer, 5 kfl (not wiring on printed board) ~0285TN 

Converter Dimensions 
Resistor, 5.62 kfl *l'$ 1/8 W 
Resistors, 366 M, 186 im, matched set 
Resistor, 1.2 M i2%, I N  W 
Resistor, 4.32 M *l$, 1/8 W 
Resistor. 12.1 kn l 1/8 W 

INPUT 

Capacitor, 33 pF, 500 V 
Capacitor, 0.1 !IF, 100 V 
Capacitor, 0.033 uF, 50 V 
Capacitor, 4700 pF, 100 V 
Capacitors, 0.1 @F, 100 V 

HOlO4AK 
HOlllCB 
HOllOBT 
HOlllBC 
HOlllCB 

Capacitor, 4700 pF, 100 V 
Capacitor, 0.1 uF, 100 V 
Capacitors, 0.22 vF, 50 V 

HOlllBC 
HOlllCB 
HOl4OBC 

Diodes, Type IN4148 
Diode, Zener, Type 1N4611A 

Filters, radio frequency interference 
(not on printed board) 

Transistor, Type 2N2907A 

Integrated Circuits, Type IM301.A 

Transformer 

Fuses, 114 A 

Transistor Pad 

Converter Assembly (not on printed board) 

Installation Piping and Wiring, 

Make pneumatic and 
electrical connections 
as shown. 

NOTE: Connect output ( - )  to 
system common, or power supply 
common to system common. 
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Troubleshoot ing  ( con t i nued1  C a l i b r a t i o n  

I POWER SUPPLY I 
CWMCT SCOR 

TO SF3 AW SW 

-15 V DC 
D IG ITAL  
VOLTMETER 

I IES I WtCK VUUt U C3 
AND 11 IFnlmrRYl I 

AIR 
SUPPLY 

IS SIN WAM 
SICIUI CRUTIR 

WAN IOW7 I CONMCT SCOR 
ACROSS CRI. 

CHtCK C). 11 
IR I IM IRYI .  R1 AND 
U FOR SHORT 

TESTER I 

F VALVE A 

LABEL DATA'Y# 

ZERO 
ADJUST 

Component Locat ion Diagram 

0 0 
1. Connect equipment 

a s  shown above. 

2.  Close Valve A .  

3 .  Adjust  dead-weight t e s t e r  
f o r  60 kPa o r  9 p s i  ou tpu t .  

4. Turn u n t i l  ze ro  d i g i t a l  ad jus tment  vo l tme t e r  screw 

measures 5 V .  

5 .  Adjust  dead-weight t e s t e r  
f o r  100 kPa o r  15  p s i  ou tpu t  

6.  Turn span ad jus tment  screw u n t i l  d i g i t a l  vo l tme t e r  
measures 10 V .  S l i d e  d a t a  l a b e l  t o  t h e  l e f t  t o  
g e t  a c c e s s  t o  t h e  span adjustment  screw 

INDICATES PIU I OF TI To reduce i n p u t  p r e s s u r e  s i g n a l ,  open Valve A .  

7 .  Adjust  dead-weight t e s t e r  f o r  20 kPa o r  3 p s i  
o u t p u t .  D i g i t a l  vo l tme t e r  should measure 0  V .  

8 .  Repeat S t eps  3 through 7 u n t i l  ou tpu t s  a r e  
s a t i s f a c t o r y  wi thout  ad ju s tmen t s .  
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Troubleshooting 

This section includes the following isolating branches to be taken when a mal- 
troubles hoot in^ aids: (1) troubles hoot in^ function is encountered. - - 
flow diagrams, (2) component diagram, 
(3) schematic diagram, and ( 4 )  parts list. Service points referred to on the flow di- 

agrams (such as SP3)  are shown on the 
schematic diagram. All voltages are ref- 

The troubleshooting flow diagrams consist erenced to E4 on schematic diagram unless 
of servicing checks to be made with fault otherwise specified. 

WHEN INPUT SIGNAL 
IS  APRIED. 

SIGNAL CORRECT? 

A P R Y  CORRECT 
INPUT SIGNAL. 

CHECK FOR DEFFECTIVE 
COILS L I  AND LZ. AND 

WIRING. 

E8 TO Ell. E8 TO 03 
APPROX. 2M OHMS? 

6 

I 
FUSE F1 GOOD? 

YES 
RERACE FUSE. 

1 
E6 -I5V? 

YES 
CHECK 

G POWR SUPRY. 

' ,  /TF 
RERACE FUSE. 

6.6V ACROSS YES 
CR5? 

IS  VOLTAGE ACROSS 
CR5 GREATER THAN 

CONTINUED ON PAGE 5 

I S  VMTAGf  ACROSS 1 CRS lE.EilHM 
CONTINUED 
ON PAGE 4 

Troubleshooting (continued) 

CONNCT 
V M T M m R  TO 

SP l  l + l  AND SPZ I-l. 

M A N  I V ?  

RERACE U]. RERACE UI. 

IS  TP4 MORE M A N  NO Cl-, 

GREATER THAN E8 AND 01. 

1 1 i 

b 
END Of CHECK CONTINUED ON PAGE 6 

NO YES VOLTAGE LESS M A N  
I h V 7  

YES 

CONNECT SCOPE TO 
E8 AND oQ 

I S  TP4 MORE M A N  
I W NOW? 

RERACE al. 

NO 

I 
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E92-F SERIES 
PNEUMATIC-TO-CURRENT CONVERTER 

(Field-Mounted) . - C 

The E92-F S e r i e s  C o n v e r t e r  r e c e i v e s  a 
pneumat ic  p r e s s u r e  s i g n a l  and t r a n s m i t s  i t  
as a p r o p o r t i o n a l  e l e c t r i c a l  4 t o  20 mA 
o u t p u t  s i g n a l .  

When two v a l u e s  o f  c u r r e n t  are g i v e n  i n  
t h i s  i n s t r u c t i o n ,  t h e  f i r s t  v a l u e  is f o r  
c o n v e r t e r s  w i t h  a 4 t o  20 mA o u t p u t ,  and 
t h e  second v a l u e ,  which is i n  p a r e n t h e s e s ,  
is  f o r  c o n v e r t e r s  w i t h  a 10 t o  50 mA 
o u t p u t .  

P r i n c i p l e  o f  O p e r a t i o n  
+ 

I l 1 l ?\ 

l 
OPTIONAL LIGHTNING I I I I 

ARRESTOR I 1 

l 

The i n p u t  s i g n a l  i s  a p p l i e d  t o  a b e l l o w s  
which moves a l e v e r  f a s t e n e d  t o  a c l o s e d  
l o o p .  The movement o f  t h e  l o o p  changes  t h e  
i n d " c t a n c e  i n  c o i l s  L1 and L2,  a l s o  chang- 

ZERO LOJUIT 

BELLOW 

INPUT 

i n g  t h e  a m p l i t u d e  o f  t h e  LC o s c i l l a t o r .  
- 

The change i n  o s c i l l a t o r  a m p l i t u d e  i s  
s e n s e d  by a  d e t e c t o r ,  which d e v e l o p s  a 
v o l t a g e  d r o p  a c r o s s  r e s i s t o r  R12. The 
v o l t a g e  d r o p  i s  t h e n  f e d  t o  a m p l i f i e r  2  
which i s  used  t o  d r i v e  t h e  o u t p u t  t r a n -  

5 )  s i s t o r  p r o d u c i n g  o u t p u t  c u r r e n t  I . The 
o u t p u t  c u r r e n t  i s  s e n s e d  by r e s i s e o r  R18 
and f e d  back t o  t h e  o t h e r  i n p u t  o f  ampl i -  
f i e r  2 .  R e s i s t o r  R 1 1  i s  used  t o  b i a s  am- 

i p l i f i e r  2 .  

When t h e  i n p u t  s i g n a l  i s  a t  60 kPa o r  
9  p s i  and t h e  c o n v e r t e r  o u t p u t  a t  12  mA 

@Regirrered Trademark 
10/78 

(30  mA), t h e  l o o p  i s  a t  t h e  m e c h a n i c a l  
c e n t e r  p o s i t i o n .  A m p l i f i e r  1 c a u s e s  t h e  
sum o f  t h e  c u r r e n t s  t h r o u g h  L1 and L2 t o  
be  e q u a l  t o  a r e f e r e n c e  c u r r e n t  by r egu-  
l a t i n g  t h e  o s c i l l a t o r  a m p l i t u d e .  The r e f -  
e r e n c e  c u r r e n t  i s  e s t a b l i s h e d  by t h e  
r e g u l a t o r .  o u t p u t  i s  a t  A t  maximum t h i s  s t a g e ,  a m p l i t u d e .  t h e  o s c i l l a t o r  

A change i n  i n p u t  s i g n a l  from 60 kPa o r  
g p s i ,  moves t h e  l o o p  from t h e  m e c h a n i c a l  
c e n t e r  p o s i t i o n .  T h i s  c a u s e s  a d i f f e r e n c e  
c u r r e n t  t o  f low t h r o u g h  i n d u c t o r s  L1 and 
L2 p r o d u c i n g  a d e c r e a s e  i n  o s c i l l a t o r  
a m p l i t u d e .  Depending on whe the r  t h e  d i f f -  
e r e n c e  c u r r e n t  is  p o s i t i v e  or  n e g a t i v e ,  
t h e  o u t p u t  c u r r e n t  w i l l  e i t h e r  i n c r e a s e ' o r  
d e c r e a s e  from t h e  1 2  mA (30 mA) c e n t e r  
p o s i t i o n .  

B 1979 by The FoxLmro Company 

Printed in EnGand 
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P a r t s  L i s t  S p e c i f i c a t i o n s  

I tem Desc r ip t i on  

P r i n t e d  Wiring Assembly 
P r i n t e d  Wir ing  Assembly (10-50 mA 

P a r t  No. 

~ 0 1 3 8 ~ C  
~ 0 1 3 8 ~ ~  

Input  S i g n a l :  20 t o  100 kPa o r  3 t o  15 p s i  
Output S i g n a l :  4 t o  20 mA ( s e e  Page 3 )  

l 0  t o  50 mA i n t o  a  480 t o  660 R load  
Accuracy: t0 .258  of  span 

Ambient Temperature L imi t s :  -40 and +80°C (-40 and + i 8 0 ° ~ )  
Power Supply: 4 t o  20 mA ou tpu t ;  24 t o  50 V dc ,  o r  + l 5  and 

-15 V dc from SPEC 200 sou rce  
10 t o  50 m A  o u t p u t ;  63 t o  100 V dc 

E l e c t r i c a l  C l a s s i f i c a t i o n :  A s  l i s t e d  on d a t a  p l a t e  

R e s i s t o r ,  68 kn f2%, 1/4 W 
R e s i s t o r ,  470 n +2$, 1 W 
R e s i s t o r ,  15 M 0 . 1  matched p a i r  
R e s i s t o r ,  20 kn 21%. 1/8 W 

~ i t e n t i o m e t e r ,  5 k'n' (Not Board p a r t  Assembly) of P r i n t e d  

R e s i s t o r ,  5 .62 kfl l 1/8 W 

Conver te r  Dimensions 

0 M0,PZ:NG 

R e s i s t o r ,  1 0  kfl, 13.7 kfl, matched p a i r  
R e s i s t o r ,  270 fl f2$, l W (4-20 mA 
R e s i s t o r ,  120 fl +2$, 1 W (10-50 mA 
R e s l s t o r ,  15  kR + 2 % ,  1/4 W 
R e s i s t o r ,  820 R +2$, 1/4 W 
R e s i s t o r ,  1 . 3  kR l 1/8 W 
R e s i s t o r ,  62.1 kR +l%, 1/8 W 

?-INCH 
YCRI ICIL  
P I N  
lS""5 i l l '  

SURFACE 
MOUNTING 

R e s i s t o r ,  100 n 2 0 . 1 ,  1 4  W (4-20 mA ~0288TK 
R e s i s t o r ,  40.2 R 2 0 . 1  1 W (10-50 mA ~ 0 2 8 8 I X  
R e s i s t o r ,  25 fl (4-20 mA (Not on P r in t ed  ~ 0 2 8 6 G ~  
R e s i s t o r ,  10  fl (10-50 mA)) Board Assembly) NO143TX 
R e s i s t o r ,  10  kfl +2%, 1/4 W E0156KT 

R e s i s t o r ,  43 n +2%,  1 / 4  W (on FM E0286QG 
I n t r i n s i c a l l y  S a f e )  

R e s i s t o r ,  750 R ? 2 % ,  1 / 4  W (on a l l  o t h e r  4-20 mA)  E0156FC 
R e s i s t o r ,  560 R 12$,  1 W (on I n t r i n s i c a l l y  FM S a f e )  E0286QE 

R e s i s t o r ,  820 R 12%, 1 / 4  W (on a l l  o t h e r  4-20 mA) ~ 0 1 5 6 F E  
Hat 1011 

R e s i s t o r ,  4 .7  kfl +2$, 1/4 W 
R e s i s t o r ,  27 kfl f2%, 1 /4  W 
R e s i s t o r ,  100 W, 22%. 114 W 
R e s i s t o r ,  4 . 3  kR ? 2 % ,  1 1 4  
Capac i t o r ,  0.47 uF, 50 V,  ceramic 
c a p a c i t o r ,  1 uF, 50 V ,  ceramic 
Capac i to r ,  0.039 uF, 50 V,  po lycarbona te  
C a ~ a c i t o r .  0.012 DF,  100 V 
c a p a c i t o r ;  0 . 1  "F; 100 V 

Capac i t o r ,  4700 pF, 100 V 
Capac i t o r ,  0 . 1  uF, 100 V I n s t a l l a t i o n  P ip ing  and Wirinq 
Capac i t o r ,  0 .01  uF 
Capac i t o r ,  100 pF, mica 
Capac i t o r .  0 . 1  uF, 100 V 

Make pneumatic and e l e c t r i c a l  connec t ions  a s  shown. Test  t e r m i n a l s  
p rov ide  a  100 t o  500 mV t e s t  s i g n a l  which i s  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  c u r r e n t  ou tpu t  s i g n a l .  ~ a b a c i t o r :  10 OF. .  mica 

c a p a c i t o r ;  10 ' p ~ ;  ceramic 
Diode, Type 1 ~ 4 1 4 8  
Diode, Type 1N4611A 

T r a n s i s t o r ,  Type 2N2907A N0282AL 
T r a n s i s t o r ,  Type 2N3441 (Not p a r t  of P r i n t e d  K0120RZ 

' ~ o a r d  Assembly) 
T E S T  T r a n s i s t o r .  TvDe 2N2905A (4-20 mA) ~~ , - W .  

T r a n s i s t o r ,  ~ y p c  2~5685  ( io-50 m~ 
Transistor, Type 2 ~ 2 4 8 L  (1;-20 mA 
T r a n s i s r o r ,  Type 2N3'11.0 (10-55 mA 

Opera t i ona l  Ampl i f ie r ,  Type 1 ~ 3 0 8  

Transformer 

F i l t e r ,  r a d i o  frequency i n t e r f e r e n c e  H0183CA 
(Not on P r in t ed  Board Assembly) 

OPTIONAL 
LIGHTNING 
ARRESTOR 

Converter  Assembly (Not p a r t  o f  P r i n t ed  
Board Assembly) 
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C o n v e r t e r  O u t p u t  Load R e s i s t a n c e  
( 4  to  20 mA O u t p u t  o n l y )  

C O N M C T  S C O A  
TO S F 3  AND S P 4  

F o r  a g i v e n  s u p p l y  v o l t a g e  between 24 and 
50 V d c .  t h e  c o n v e r t e r  must o o e r a t e  w i t h i n  
t h e  shaded  a r e a  i n  g raph  a t  r i g h t .  F o r  ex- 
ample ,  w i t h  a 24 V dc  power s u p p l y ,  t h e  

CONNECT S C O A  
ACROSS CRI .  T I  IPRlMARYl  

c o n v e r t e r  o u t p u t  l o o p  l o a d  r e s i s t a n c e  must 
b e  between 0  and 575 ohms. 

S I N f  WAVE 

THAN IOVpp? 
To d e t e r m i n e  t h e  c o n v e r t e r  o u t p u t  l o a d  
r e s i s t a n c e ,  add t h e  i n p u t  r e s i s t a n c e  of 
e a c h  component i n  a  s e r l e s  l o o p  connec ted  
t o  t h e  c o n v e r t e r  o u t p u t .  I 1 1  IPRIMARY1.R I 1 I REFtACE 1 1  I 

AND (2 FOR 
SHORT OR O E N  

WAVEFORM S I M I L A R  , y ~ s l  TO SCHEMATIC lNo , 
WAVEFORM? [SEE 
PACE 81 

SUPPLY VOLTICE IYdCl 

C a l i b r a t i o n  
CORRECT? I 

Component L o c a t i o n  Diagram 

VALVE A 

1. Connect equipment  as shown above.  . 2.  C l o s e  Valve A .  NOTE 

R e s i s t o r s  R22, R23, and R24 a r e  used i n  
c o n v e r t e r s  w i t h  4 t o  20 mA o u t p u t .  Wire 
jumpers r e p l a c e  t h e s e  r e s i s t o r s  i n  con- 
v e r t e r s  w i t h  1 0  t o  50 mA o u t p u t .  

3. Ad jus t  dead-weight  t e s t e r  f o r  60 kPa 
o r  9 p s i  o u t p u t .  

4 .  Turn z e r o  a d j u s t m e n t  sc rew u n t i l  d i g -  
i t a l  v o l t m e t e r  measures  300 mV. 

5 .  Ad jus t  dead-weight  t e s t e r  f o r  100 kPa 
,X- L o r  15 p s i  o u t p u t .  

6 .  Turn  span  a d j u s t m e n t  sc rew u n t i l  d i g -  
i t a l  v o l t m e t e r  measures  500 mV. 

i V 

To r e d u c e  i n p u t  p r e s s u r e  s i g n a l ,  open 
Valve  A .  

7 .  Ad jus t  dead-weight  t e s t e r  f o r  20 kPa 
o r  3 p s i  o u t p u t .  D i g i t a l  v o l t m e t e r  
s h o u l d  measure  100 mV. 

8 .  Repeat  S t e p s  3 t h r o u g h  7 u n t i l  o u t -  
p u t s  a r e  c o r r e c t  w i t h o u t  a d j u s t m e n t  
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Fault Location (Troubleshooting) 

This section includes the following 
aids: (1) flow diagrams, ( 2 )  component dia- 
grams, (3) schematic diagram, and (4) parts 
list. 

Service points referred to on the 
flow diagrams (such as SP3) are shown 
on the schematic diagram. All voltages 
are referenced to ~6 on schematic dia- 
gram unless otherwise specified. 

The flow diagrams consist of servicing 
checks to be made with fault isolating 
branches to be taken when a malfunction is 
encountered. 

CONNECT VOLTMmR 

INCORRECT OUTPUT 
WHEN INPUT SIGNAL 

IS  APPLIED. REFIACE m NO VOLTAGE MORE 
MGAT1vE MAN NO VOLTAGE LESS YES 

-1DrnV1 
- THAN 10nV? 

 YES 
INPUT SIGNAL 

CORRECT? 

WITH POWER OFF I S  
A P R Y  CORRECT 
INPUT SIGNAL 

THAN + l0nV?  

Upper 
Right YES 

RERACE RERACE 

OEFECTiVE COILS 
I L I  AN0 121. AND 
WIRING. CONNECT SCOPE 

TO E8 AND SPl. 
CONNECT VOLTMETER 
TO E15 AND SP7. l L l 

l YES 

THAN +3V1 

RERACE RERACE 

YES 

CHECK CONNECT VOLTMETER 
POWR S U P R Y  TO S P l  l + )  AND 

SP2 1-1. CONNECT SCOR 
TO E8 AND E l l  

CHECK R9 
AN0 ASSOCIATED 

WIRING. 

ACROSS CR9? d m l 1 vOLTAGiNESS 1 YES , 
THAN IOnV? 

END OF CHECK c 5  
TO 

Page 6 

REGULATOR VOLTAGES 
SEE SCHEMATIC -I V G  0 l RERACE 

M A N  IOnV?  U I. I 
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m a Parts List C 0 '1 

E92-R 
PI1 AND PIV CONVERTERS 

Styles A and B 

Model Code 

E92-R = PI1 and P N  Converter. Rack Mounted 

Testing Laboratory 
= c :  --c: 

C, = ( 
F = F11 

De-e-quirements-Equipment Location - A = 1 .  , r ,  , , : , .  , :,, < ,  : ~, . ,'.'..-,~ , : G !  wi l h  C e r t > f ; ~ d  SPEC 200 110 Modul4 
B = l r l ,~ns#c~iu lv  S.$Ir:. ( E r ~ h .  2 ; n i  ' ,h#,, 1 i i n v  nole) 
N = . I : ~ i n r , p ? r % n i ;  ;tnd c l h e !  N. (Ex in .  " v .  :.Zone 2 

Input Signal 
? =  1'. i' r - ,  

6 = 0 2  to 1.0 bar 

Output Signal 
H = lr :C  ir i l k  dc 
I = o t o  20 n A  dc 

V 0 to 10 V dc 

Optional Sufflx (PI1 ONLY) .,, = ~,,.:.,'r.,"l ,2""5".' 

1 I r : r r i - 2 " .  S ? %  P r  1 ara,lacse :. In a ?l m4 rtc n , i t o ~ :  c q n a :  OY:.V 

*Qeqrtered Trade-a+ 19P3 h v  'he Flrh7.0 Cqmnanv 
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E92-R CONVERTERS 
Styles A and B 

TO? p 9 

Figure E839 @- 
d.' X *  

Figure E840 

l tem Pan No. Oty. Pan  Name -- 
t KOl21YS 2 S C ~ P W .  T i ~ o m ~ c t  
2 PWCZ2LII 1 Trarsi*,l: l , 2h1;441 
3 K \ '  1 SF,~<.'~, 
d N:P5OA!' 1 H ~ a t  Srnk i s t y l r  AI 
5 K":.?')-" 1 $-.:iif 

- 3 $ , ? : > . ' r  W're 5" m m  12 l r n c t h ~  
O ? mn l l  t2d AWGI 

ItPmc 1 6  on mA outout modnls (H and l l  onlv. 

7 R?IO.<J 1 Prlnlerl C r r u l l  Board 
NO'?ilNC Ou1:)lll Cofll? l 
t l a t z , ; ~ D  Outrur Coo- H 
, : , r - . . , t  O"+P#,I C,,,?? \' 

- ,:<;?:?.H 2 : .: A F,,.,. 
P ) ? '  % C  n G  Ou!;it~t Cnoe I. FM verz~on only 

Qly. Pan Nsme 

T u h - q  order 0 3  m l1 It 1 o?r !nstrumrnt 
3 Conr,al VJ rp .  100 m m  I4 in, lbnolhs. 

0 3 m n ?  i?? AWGI 
3 Cnnner W r e  100 m m  I d  n t  lb?rl !*~s. 

02 C- :.: AIr,!G1 
2 Ca l ;~nn  
2 F ~ l l ~ r  (on b a r k  p a n ~ l )  
6 CI?:I;:FI LW- 20i) mm fe ,"I ~ ~ ~ ~ t b ~ .  

0 2 V.,:: ,?L n\':r:i. 1'1 fitters 
1 Grommet Dnck ? ? , . , ' I  

1 Resistor (on back of 'ronl Dane11 
25 Ohm iOulcut Cod- 1 1  
10 Obm iOa t~ .u t  CoceH~1 

l lem Part No. Oty. Pan  Name - 
I ~ n ? 2 7 i l ~  2 Screw. Pan H .  1 1RP32 x 0 250 
2 r , Iq l?HYK 1 T ~ r n i n r l l  noard Cover 

ltem Part No. Oty. Part Name -- 
i NOl3RPR 1 Tcrmnal  Board 
R NW?'INL 7 Cnl~nmn 
q X n ' ! '  ';m 4 S ? , - ,  P3n H ,  0 ? f i n  ?2 X 0 250 
l . I 7 C <  , i T l  01,t*1;1 Cn.1.. V o n v ,  
11 )- :" , . -  . .. ? S;rn~, Socknl H.. 0 1 5 - 4 0  x il 312 

3 Pr7.h 1 Da'b  P l l P  
N, , > , z  "iY C ~ i i i , ~ u :  Code V 
I N ' . '  'dhl O U I L J I  Case H or I 

4 l l ~ l ~ ~ v ;  1 Frame A s s n m b l ~  
N!::?iNJ OU!DU~ C O ~ F  H 01 I 
r 4  ,?;my C:;'?:;!  c>22 v 

5 h>,[~"J 1 cove. 
6 kiil "OR 2 Screw (sonclall 

Below 
BY'CREZ 
c-. =v 

1 Llqhlning Arrestor 
I 0  ''3 m A  13utDut Code H1 

4 10 2Wmn rOu!pc,t Code 1 1  
R X C l F . O g J  4 Screw R H ,  C l l ? 4 O x  n 3 1 7  
4 i o - :  r r  3 c, ,n 
10 l<-',?,*. 1 IO~VPIIP~ A ~ q ~ m h l v  

.,;un,, 3 13 l ' ,  ,n<> l " ,>Ul (Cod" 2, 

'Parts preceded by asterisks are those more commonly replaced 
GlVE INSTRUMENT SERIAL NUMBER WHEN ORDERING 

'Parts preceded by asterisks are those more commonly rep lac~d  
GlVE INSTRUMENT SERIAL NUMRER WHEN ORDERlluG 
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Parts List 
MODEL E92.F PNEUMATIC.TO-CURRENT CON1 

m PariNo Oty Part Name 
P 

Cover Assembly 
Scmws. FII H., 0.250-28x0625 
War sl"rs 
P-f.,?nq Washers 

.Gal."", 
N a r .  .,:n (not shown) 
Scr,,,. -.rDp'nO. Pan H.00f f i -32 r0.125 
Gay.. : . i < r m h "  
5..:..&, ' ~ ~ ~ w ~ ~ r H . 0 1 2 5 d O x O 3 1 2  
L.,. ...* 

7 Below 1 Converter Assembly 
Ni'3BKS 2 i r , 1 5 ~ %  2Q!1-.1WkPaorO2tolO 

bar or koicm' 
N0138KV 3 l0 27 DJ, 

8 P O l 2 S A A  - Tuhmnq, order0 3 m I1 n)wr instrument 
9 Uylr: iSB 1 C'~.n i re5conScrrw 
11 1 S.0 . .  
l 1  L i11 'P4 1 L ~ , ? o c I o r  

12 Below 1 C ~ ~ C U I I  Board Assembly 
Olz lo i~ 'Ra . ror  C ! a ~ s I c a t i ~ n C o d a  

Fig. E887 

Item Part Na. Oly. Part Nann .P- ~- 

13 0044851 5 Screws. PanH.0.138-32r 0.187 
14 K012rXS 2 Screws, R H.Tapping.0.138-17x0625 
15 NOZR?AN l T:ane1?lar2N3441 
- XO1:LRY AIR Hoa! S8nkComoound 
16 KQ12l'i .X 1 Sorkn: 
17 p l i r ; n n  1 c;r,--ctor 
18 7 ~ 1 ' ' .  i L  2 S,rnh?.RH ,0190.32~0.375 

Terminal Black 
Screws. Pan H..0.164.32xO.187 

24 E0285UW 1 Potenttometer 
25 X0;OOAY 2 Screws. R H.. 0.086-56x0437 

~ 8 t h  Lockwashers 
26 W21536 2 Nuls.O.Offi.56 
27 W351W 2 S ~ a c ~ r s  
28 ii'.l?.?CV 2 f '$9.5 

N1'38ND i n  10 5~ r n ~  FCN. FFII IH) 
*:ll:iNC 4 in;' m4 E t l . , F r N ,  FFNfI) Below 1 L~qhln~ngArrestar  
l >  j -'X,? 4111;n . l  F r a i l ,  B"I"PEZ ' 3 t o f ? n e 1 H 1  

p:".'" L l02 '  "c. I '  

)axBom" 
0 " p ' ~ t r r r e  T,gd?-..rb :On. by The F o ~ h ~ r ~ C m ~ a n v  . .-.- . 
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MOUNTING PARTS 

Item PartNo. Oty. Part Nama 
~~ ~ 

1 M0149AN 1 U-Roll andNuts 
2 MOldqAL 1 R I a C k r i  
3 ~ ' 1 1 4 : ~ ~  4 NII IT n2so.20 
- X , ~ I ~ " O Y  4 ~ , , r . k v ~ : ~ s t ~ ~ r s [ n o f s h o w n ~  

Fig. El 854 

Fig. B6118 

EARTH CONNECTION (Ground) 

Item PartNo. Oly. Part Nama 

1 X0166JH l Nut.0.190.32 
2 x0143SC 1 Lockwasher 
3 N0311AR 1 Column 

4 N0305RN 1 Clamp 
5 X0143SB 1 Lackwasher 
6 x012nC~ 1 Screw, PanH.0 . iM-32x0312 

.Parts preceded by asterisks are those more comrnonlv replaced 
(;I\'E IYYTRUb'Th'T  S'DIAL h'llF'HER WHEN OQD7RIbJ( :  

M"' 



Air Weight 

Btu 

~nsbr.unler11.s cclltl Systerrrs f o r  Capacitance 

Composition 

i 
I~ltli,ctri.ing: Recorcling: C'on ti-oil,i.rlg . . . 

Compression Concentration, Solution 
.I, Conductivity, Solution 
\ 

Consistency . 
Current - a-c, d-c 

Density 

Dew Point 

Displacement 

Drag 

Flow 

Force 

Gas Analysis 

Humidity 

Interface 

Ion Selection 

Liquid Analysis 

Liquid Level 

Load 

Moisture Content 

Motion 

Motor Load 

Operation, Schedule 

Operation, Time 

Oxidation-Reduction Potential 

Position 

Power, Electric 

Pressure 

Resistance, Electric 

Sheet Moisture 

Sheet Weight 

Specific Gravity 

Speed 

Strain 

Stress 

Temperature 

Tension 

Thrust 

Torque 

Vacuum 

Viscosity 

Voltage 

Weight 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based 
systems that control entire plants. Industries served are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries. Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and stan-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill, Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue, Foxboro, 
Massachusetts. U.S.A. 02035. Phone: 617 543-8750. 

Printed in England @Registered Trademark 
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I M P O R T A N T  

Style Indication 

Some of thefollowing sheets mayrefer to a different 
style of instrument from that indicated on the cover 
of  this instruction book. 
The reason for this i s  that some sheets are valid for 
more than one style. 
You may be assured that this book, i n  it's totality, 
w i l l  provide a l l  the necessary information on in- 
stallation, operation and maintenance of the instru- 
ment and style indicated on the cover. 

S.I. Un i t  System 

Foxboro, as a world-wide Organization, i s  an ardent 
supporter of worl d-wide standardization. Because of 
this general policy and the legal requirements i n  
Europe. Foxboro has decided to  adhere to the S.I. 
unit system (syst8me internationale d'unites). 
A beginning has been made with revising the ex- 
tensive documentation accordingly so that you may 
find that this book contains one or more sheets with 
the units already expressed in  the S.I. unit system. 

Document Number Prefix 

The document number of certain sheets out of this 
book may be preceded by the letter "V". This de- 
notes that these "Printed in  the Netherlands'' sheets 
deviate to  some extent from the original issue; for 
example, by  adhering to the specifications of local 
requirements or to  indicate that measurement units 
are expressed i n  the S.I. unit system. 



GENERAL INSTRUCTIONS 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

m FORM 8062 (1183) @~egirterd Trademark 



E69R CURRENT-TO-PNEUMATIC 
SIGNAL CONVERTER 

The E69R Current-to-Pneumatic Signal 
Converter is a rack-mounted instrument 
that transforms a dc milliampere input 
signal to a proportional pneumatic output 
signal. 

a This output Signal can be used either to 
operate such pneumatic devices as dampers 
and valve actuators, or as the input to 
various pneumatic instruments. 

PRINCIPLE OF OPERATION 
A dc milliampere input signal is 
converted to a proportional pneumatic 
o u t ~ u t  siqnal in the followinq manner. 
see Pioure 2 .  A coil Dositioned in the - . . . . -. . - . . . . - - - . ~ ~ - ~  
field of a permanent magnet reacts to the 
current by producing a tangential thrust 
proportional to the input signal flowing 
through it. This thrust, acting through 
coil flexures, varies the gap between a 
flapper and nozzle. This causes a change 
in tile output pressure-.of the relay, . 

which is also the converter output . '  
pressure. This pressure is fed to a ' 

feedback bellows which exerts a force on 
a feedback flexure to move the nozzle and 
establish a throttling relationship 
between the flapper and nozzle. 

Figure 1 

PERMANENT 
MAGNET 
INDUCED 
TANGENTIAL 
THRUST 

NOZZLE 
FLAPPER 

Figure 2 

0 1982 by The Foxboro Company 
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STANDARD SPECIFICATIONS 

I n p u t  and O u t p u t  Ranges  

INPUT  OUTPUT^ 
( m A )  kPa I p s i  

4  t o  20'  
3  t o  27 

10 t o  50' 

3 ~ i r e c t  or reverse action, as specified 

NOTE 
Ranges a r e  l i s t e m  kPa and  p s i .  
Fo r  a l t e r n a t i v e  r a n g e s  i n  kg/cm2 
o r  b a r ,  d i v i d e  a p p l i c a b l e  kPa v a l u e s  
by 100.  

I n p u t  Impedance 

4  t o  20 mA I n p u t :  1 7 0  R 
10  t o  50  mA i n p u t :  27 R 

A i r  Consumpt ion 
20 t o  100 kPa o r  3  t o  1 5  p s i  o u t p u t :  

40G Re lay ;  0 . 5  m3/h (0 .30  c fm)  a t  
s t a n d a r d - c o n d i t i o n s .  

A l l  o t h e r  o u t p u t s :  40D R e l a y :  
1 .3  m3/h ( 0 . 7 5  cfm)  a t  s t a n d a r d  
c o n d i t i o n s  w i t h  1 4 0  kPa o r  20 p s i  
s u p p l y .  
1 .7  m /h ( 1 . 0  c fm)  a t  s t a n d a r d  
c o n d i t i o n s  w i t h  240 kPa o r  3 5  p s i  
s u p p l y .  

Ambient Tempera tu re  L i m i t s  
Normal O p e r a t i n g  C o n d i t i o n s :  

5  and  50°C ( 4 0  and  120°F)  
O p e r a t i v e  L i m i t s :  -40 and  +80°C 

( -40 and +180°F) .  
E l e c t r i c a l  C l a s s i f i c a t i o n  R e f e r  t o  d a t a  

p l a t e .  

C a l i b r a t e d  Accuracy  i 0 . 5 %  o f  span :  b u t  
t 2 %  o f  s p a n  w i t h  i n p u t s  o f  7 t o  1 2 5  
and  7  t o  220 kPa o r  1 t o  1 8  and  1 t o  
3 2  p s i .  

.Mass Approx ima te ly  2.3 kg ( 5  l b ) .  

Supp ly  P r e s s u r e  

NOMINAL LIMITS 1 
1 140 kPa o r  20 p s i  1 130 and 160 kPa 1 

33  and 38 p s i  

s u p p l y  p r e s s u r e  must  n o t  be  less t h a n  
20 kPa o r  3  p s i  above t h e  maximum 
s i g n a l .  

0  r  
1 9  and 23 p s i  

INSTALLATION 

240 kPa o r  3 5  p s i  

Wiring and Piping 

225 and 260 kPa 
0 r  

INPUTSIGNAL WIRING 7 

MINIMUM WIRE SIZE 
l mm' OR 18 AWG 

c FILTER 

OUTPUT PRESSURE 
METAL TUBING GAUGE IOPTIONALI 

. .. F i g u r e  3  
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ELECTRICAL CERTIFICATION 

This converter may have agency certification for installation in hazardous 
locations or for intrinsic safety. Refer to label affixed to the cdnverter 
for type of certification and observe applicable wiring practices. Conditions 
of certification are in the following table: 

CALIBRATION 

odules per TI 005-101. 4 to 

11. Groups E, F, and G, 

SPEC 200 converters or to ap- 

For simplicity, the procedure below 
assumes a converter with a 4 to 20 mA 
inout and a 20 to 100 kPa or 3 to 15 osi 

S-COMM 

ouiput. For other ranges, subst~tute the 
applicable values. The speclflc input and 
output are listed on the converter data 
plate. 

Intrinsically safe (Sib) 
IIC for use in Zone 1, 
Group IIA, B, C. 

In-Line Zero Adjustment 

Connect to S-COMMISSION certi- 
fied equipment with a maximum 
short circuit current of 90 mA. 
4 to 20 mA input only. 

1. Connect voltmeter to TEST terminals 
on front of converter. See 
Figure 4. (100 and 500 mv 
correspond to 0 and 100% of 
calibrated input.) 

2. Calculate output corresponding to 
actual mv reading using formula 
below: 

output = ( v o l O O )  (span) + 08 output 

where: mv = Voltmeter reading 
Span = Output span 

EXAMPLE: Output range = 20 to 100 kPa 
Voltmeter reading = 200 mV 

Output = (2000100) 8 0  + 20 = 40 kPa 

3. Adjust zero screw so that reading 
on output test gauge is correct. 
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Equipment Setup 

CURRENT 
MILLIAMETER SOURCE 

TEST TERMINALS 
(FOR "IN-LINE ZERO 
ADJUSTMENT") 

OUTPUTPRESSURE 
TEST GAUGE 

' AIR SUPPLY 
ISEE PAGE 2) 

Figure 4 

Procedure 
NOTE 

Any adjustment to the span will 
interact with the zero adjustment 
and will change the initial zero 
setting. Therefore, any adjustment 
made to the span must be followed by 
readjustment of zero. 

1. Set up equipment as shown in 
Figure 4. 

2. Apply 12 mA (50%) input to 
converter and adjust output (zero 
adjustment screw) to 60 kPa or 
9 psi (50%). See Figure 5. 

3. ~ p p l y  20 mA (100%) input to 
converter and note the amount of 
error above or below 100 kPa or 
15 psi (100%) output. If error is 
greater than 22% 11.6 kPa or ~ ~~ 

0.025 psi), perfo;m Step 4. If 
error is less than *2%, proceed 
to step 5. 

4.3. Loosen 5/16 in bellows locknut. 
Note reference line on bellows. 
Rotate bellows* so that reference 
line moves toward motor to decrease 
span or away from motor to increase 
span until the error is within 
22%. Tighten bellows locknut. (TO 
facilitate adjustment, the top and 
side rails may be removed to allow 
easier access to bellows.) 

4b. Repeat Steps 2 and 3. 

5. Turn span screw a proportional 
amount (noted in Step 3) based on 
the following: one revolution of 
the span adjustment screw will 
correct the-error by approxi; 
mately 3%. 

Disregard output changes which 
occur when span adjustments are 
made. 

6. ~ p p l y  12 mA (50%) input to 
converter and adjust output (zero 
screw) to 60 kPa or 9 psi (50%). 

7. Apply 20 mA (100%) input and check 
Output for 100 kPa or 15 psi 
(100%). If output is not 
acceptable, repeat steps 5 
through 7. 

8 .  Apply 4 mA (0%) and check output 
for 20 kPa or 3 psi (0%). 

9. Adjust zero and span until optimum 
output is achieved. 

BELLOWS LOCKNW 
,- BELLOWS ROTATION NUT f 

L SPAN LOCKNWS L MOTOR 
NOZZLE SPAN AND ZERO 
ADJUSTMENT NUTS ADJUSTMENT SCREWS 

(TOP VIEW OF CONVERTER) 

Figure 5 
'Bellows assembly is on an eccentric. 
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SERVICING AND MAINTENANCE 
To Remove Relay 

Remove the two large screws and pry 
off relay. A gasket is supplied with 
each replacement relay. 

FOC servicing details, see 
Instruction HI 011-493 (Model 40G) or 
HI 011-491 (Model 40D). 

ORIFICE 

Figure 6 

To Clean Restrictor 
Remove relay (see illustration above). 

Clean by inserting a 0.005 in diameter 
wire (or Foxboro cleaning wire, Part 
0042527) through orifice. 

MODIFICATIONS 
NOTE: 

Foxboro does notonsider the 
following modifications a field 
conversion. They are considered 
factory modifications due to the 
complexity of the procedures and the 
large amount of time required to 
perform them. If the modifications 
must be made in the field, use the 
following procedures and contact 
Foxboro for additional assistance. 

TOREVERSECONVERTER 
ACTION 
The existing action of the converter 
is indicated by the marking on the 
exposed top of the motor cover: 
INC-INC (increasing input produces an 
increasing output), or INC-DEC 
(increasing input produces a 
decreasing output). When reinstalling 
the motor (Step ll), the exposed 
marking on the motor cover must 
indicate the desired action. 

1. Disconnect instrument from 
installation (input wiring, air 
lines and mounting screws) and 
remove converter from rack. 

3. Loosen span locknuts. Remove two 
screws holding feedback assembly 
(with bellows). Note. routing of 
tubing for later reinstallation. 

MOTOR LOCKNUT 

PIVOT SCREW 

ASSEMBLY SCREWS 

Figure 7 

4. Lift aside feedback assembly (do 
not damage nozzle). Unhook spring 
from motor bracket. 

(For convenience, feedback assembly 
can be removed entirely by removing 
two screws and disconnecting 
tubing. See Figure 7. Note 
identification of tubing for later 
reconnection. ) 

5 .  On feedback assembly, remove two 
hex head (formerly button head) 
screws. See Figure 8. 

6. Interchange location of angle 
bracket and spacer. See Figure 8. 

7. Reinstall hex head screws and 
tighten to a torque of 0.21 to 0.25 
Wem (30 to 35 oz-in). 

NOTE : 
Switching locations of angle 
bracket and spacer, allows the 
Ni-Span angle bracket to 
correct for temperature 
induced errors in the INC-DEC 
mode. 

Figure 8 shows parts in 
INC-INC arrangement. 

2. Remove side covers and top rail. 
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SPACER 

r ANGLE BRACKET I--- 

ANGLE BRACKET 

(OR BUTTON HEAD) 

L FEEDBACK 
SPRING 

F i g u r e  8  

8. Loosen motor  l o c k n u t  and remove 
motor p i v o t  sc rew.  See  F i g u r e  7 .  

9 .  Remove motor  w i t h  g r a d u a l  r o t a t i n g ,  
t i l t i n g  and l i f t i n g  a c t i o n .  

10 .  Remove two s c r e w s  h o l d i n g  motor 
b r a c k e t  t o  bo t tom o f  motor .  See  
F i g u r e  9 .  

I n v e r t  motor  and r e i n s t a l l  motor 
b r a c k e t  ( t o  s i d e  o f  motor t h a t  was 
f o r m e r l y  o n  t o p ) .  

11. Wind e x c e s s  wire c l o c k w i s e  around 
motor and c a r e f u l l y  p l a c e  motor 
i n t o  p o s i t i o n  i n  c a s e  a s s u r i n g  t h a t  
bo t tom arm i s  i n  h o l e  p r o v i d e d .  
Make s u r e  t h a t  w i r e s  w i l l  n o t  
i n t e r f e r e  w i t h  moving p a r t s  and 
p i v o t  is i n  h o l e  a t  bo t tom of  motor. 

NOTE 
Marking on t o p  o f  motor must 
i n d i c a t e  d e s i r e d  a c t i o n .  

12.  Rep lace  and a d j u s t  motor p i v o t  
s c r e w  t o  remove a l l  e n d  p l a y  
( a p p r o x i m a t e l y  1 /8  t o  1/4 t u r n  
i n t e r f e r e n c e ) .  T i g h t e n  l o c k n u t .  
Reconnect  s p r i n g  t o  motor b r a c k e t .  

13. R e i n s t a l l  f e e d b a c k  as sembly  and 
o t h e r  r e m a i n i n g  p a r t s .  Make s u r e  
t h a t  t u b i n a  i s  n o t  k inked  and i s  

~ - .- 
c o n n e c t e d  p r o p e r l y .  T i g h t e n  screws 
removed i n  S t e p s  2  and 3  g r a d u a l l y  
and u n i f o r m l y .  

14 .  Pe r fo rm " F u l l  Rea l ignment"  (Page 7 ) .  

BRACKET 

& C SCREWS 121 

HOLE FOR ARM 

F i g u r e  9 

TO SPLIT-RANGE CONVERTER 8 
The c o n v e r t e r  i n p u t  s i g n a l  may be  
s p l i t - r a n g e d  w i t h  t h e  a d d i t i o n  o f  a  f l a t  
s p r i n g  ( a v a i l a b l e  from Foxboro) . Refer  t o  
Page 2  f o r  a v a i l a b l e  r a n g e s .  

1. Perform S t e p s  1 t h r u  4  i n  "To 
Reverse  C o n v e r t e r  A c t i o n "  s e c t i o n .  

2. Loosen t h e  f o u r  hex head s c r e w s  
( f o r m e r l y  b u t t o n  head s c r e w s )  b u t  

d o  n o t  remove. See F i g u r e  10.  

3. I n s e r t  f l a t  s p r i n g  i n t o  s p a c e  
between t h e  f eedback  s p r i n g s .  

FEEDBACK 
ASSEMBLY 7 

ANGLE 
BRACKETIZ) 

HEX HEAD SCREW 

BUTTON HEAD 
SCREWS141 SUPPLIED 
WITH FLAT 
SPRING 

FEEDBACK SPRING121 

F i g u r e  1 0  

4 .  Line up e d g e s  o f  f l a t  s p r i n g ,  a n g l e  
b r a c k e t ,  f eedback  s p r i n g  and s p a c e r  
t o  b e  f l u s h  w i t h  f eedback  assembly 
b r a c k e t .  
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5. I n s e r t  f o u r  b u t t o n  head s c r e w s  
s u p p l i e d  w i t h  f l a t  s p r i n g  and 
t i g h t e n  a s sembly  s e c u r e l y .  

6. T i g h t e n  f o u r  hex  head  sc rew5  t o  a 
t o r q u e  o f  0 . 2 1  t o  0.25 N a m  (30 t o  
35 o z ' i n ) .  

7 .  Pe r fo rm S t e p s  1 3  and 14 i n  "m 
Remove c o n v e r t e r  Ac t ion '  s e c t i o n  

Full Realignment 
1. S e t  u p  equipment  a s  shown i n  

F i g u r e  4 ,  w i t h  s i d e  c o v e r s  and t o p  
r a i l  removed. Turn on a i r  suPPlY 
and c u r r e n t  s o u r c e .  

2. Apply 1 2  mA ( 5 0 % )  i n p u t  s i g n a l  and 
a d j u s t  z e r o  s c r e w  t o  p o s i t i o n  
f l a p p e r  p a r a l l e l  t o  b r a c k e t  edge a s  
shown i n  F i g u r e  11. 

3. Turn span  s c r e w  c l o c k w i s e  t o  s t o p .  
and back o f f  a p p r o x i m a t e l y  3 t u r n s  
(midad jus tmen t  p o s i t i o n ) .  Use 
5/16 i n  span  l o c k n u t s  t o  p o s i t i o n  
n o z z l e  t o  c e n t e r  o f  f l a p p e r  wid th  
a s  shown. Lock n u t s  s e c u r e l y .  

NOTE 
When moving s p a n  l o c k n u t s ,  o n e  n u t  
must be  l o o s e n e d  p r i o r  t o  any 
a d j u s t m e n t .  Do t r y  t o  f o r c e  one  
n u t  a g a i n s t  t h e  o t h e r  even f o r  
small a d j u s t m e n t s .  

4. Move 5/32 i n  n o z z l e  a d j u s t m e n t  n u t s  
t o  o b t a i n  60 kPa o r  9 p s i  o u t p u t  
w i t h i n  2% 11.6 kPa o r  0.25 p s i ) .  
See  F i g u r e  5.  

NOZZLE 

,+ 

E ,- FLAPPER 

I PARALLEL 

U 
BRACKET EDGE 

FLAPPERINOZZLE DETAll 
AT 50% INPUT 

F i g u r e  11 

5. Nozzle s h o u l d  now b e  a t  90° t o  
f l a p p e r .  I f  n o t ,  t r i m  s l i g h t l y  w i t h  
z e r o  s c r e w r e p e a t  S t e p  4. 

6. S e t  i n p u t  s i g n a l  t o  4  mA 10%) and 
a d j u s t  z e r o  s c r e w  f o r  20 kPa o r  3  
p s i  ( 0 % )  o u t p u t .  

7. Momentari ly t u r n  o f f  power. When 
power i s  r e t u r n e d ,  o u t p u t  s h o u l d  
respond c r i s p l y .  I f  n o t ,  recheck 
S t e p  5  a t  1 2  mA ( 5 0 % )  i n p u t  and 
r e p e a t  S t e p s  6 and 7 .  

8. C a l i b r a t e  c o n v e r t e r .  

SPEC 200 i s  a trademark of The Foxboro Company 
Ni-Span is a trademark of Huntington ~ l l o y s ,  Incorporated 
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RFCULIIOR 

H3CU PRESSURI 
AIR SUPPLI 

7 D R I l H  

" A W L  

Fig. A1875 

Air Supply System f o r  Panel Mounted Instrument8 

General shown in Fig. A1815. A high pressure in the head- 
er may be reduced by a regulator a t  the insl;IU- 

In order to operate successfully and with low merit ss in ~ i g .  A1816 (on reverse side of this 
maintenance, a pneumatic instrument must be sheet), 
adequately supplied with clean dry air. The in- When air llnes are exposed to freezing tem- 
stallation must be planned to prevent water, Oil, peratures, an adequate air dryer should be in- 
or dirt being carried through the Piping into the stalled a t  the takeoff from the main plant air 
instrument. system. 

AII tubing, pipe, and Attings must be clean supply meader 
inside, and free from burrs. Shellac or joint A supply header furnishing air to a series of 
compound may be applied sparingly, but only instruments should be sloped a t  least 1/8" per 
to the male threads. Check all joints while under foot to facilitate drainage of entrained moisture 
pressure with soap and water solution. or oil. Clean, new, brass or iron pipe and flt- 

Air Supply tings, '/2" or larger, should be used for the header. 

Be sure to have a n  adequate supply of air. Air Supply Piping 
requirements may be estimated by alpowing 0.50 As a precaution against moisture, the supply 
cfm of free alr for each control relay. The Model piping from header to instruments should be 
59 Controller, which does not use a control relay, taken off preferably a t  the top of the header. 
requires approximately 0.9 cfm of free air. The The connections may be made a t  the side of the 
control mechanism operates on a supply pressure header when necessary, but never a t  the bottom. 
of 20 psi or 1.5 kg per sq cm. This regulated Piping should be 3/8" O.D. (not less than ,300" 
pressure may be maintained in the header as I.D.) copper tubing. 

Printed in England 
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Master Regulator 
With several instruments grouped together, it 

is generally more economical to provfde one or 
two common regulators to provide an air supply 
of 20 psi or 1.5 kg p i i  sq cm. Particularly where 
the number of instruments is large, it is recom- 
mended that two regulators be used in paral- 
lel. With this arrangement a temporary stop- 
page in one of the regulators will not disrupt 
all the instruments on the panel. See Fig. A1815. 
The 3-way cocks shown permit isolation of either 
supply system for servicing, or parallel operation 
of both systems. 

The following table may be used in selecting 
the correct supply regulator and filter dripwell 
where a number of instruments are to be sup- 
plied from one source. 

supply  Regulators 
(for a controlled pressure of 20 psi) 

1-4 pilots (relays) ' W e  61 
1-20 " Tgpe 20 
1-75 " Moore M/42-H-30 

Filter Dripwell 

1-4 pilots (relays) Part B-102-ZT 
1-20 " Part B-102-WC 
1-75 " Part B-110-XF 

The air supply to all instruments must be 
clean and dry and where group installations are 
considered, it is sometimes desirable to use a 
common drlpwell and air filter rather than an 
individual one a t  each instrument. (See Fig. 
A1875.) There are many types of such devices 
and the choice depends to a large extent on in- 
dividual preference. 

NOTE: The recommendations contained in this 
sheet are not intended to exclude other arrange- 
ments which are perfectly satisfactory and may 
be quite common. It is intended that this sheet 
be used as a guide for those customers who are 
not familiar with the Installation of instruments 
and will require a recommendation from The 
~oxboro company. 

Fig. A1876 

Air Supply System for 
Field Mounted Instruments 

Dripwell and Supply Regulator 
Fig. A1876 shows the air supply system for field 

mounted instruments. or individuallv mounted in- 

a 
struments. The filter dripwell and sipply pressure 
regulator, where necessary, are Installed in the 
supply piping immediately adjacent to the ln- 
strument, and should be firmly supported. Note 
the arrow for fiow direction on the supply reg- 
ulator. I t  is advisable to install a shut-off valve 
in the supply piping to enable removal of the 
instrument without shutting off the entire air 
supply system. 

The dripwell serves to catch any moisture, oil 
or dirt remaining in the air despite previous 
safeguards. A petcock on the bottom provides 
a means for periodically blowing out the sump. 
Normally this should be done daily, but under 
severe conditions of liquid-laden air it should 
be done more frequently. Proper attention to 
this detail will eliminate the greatest source of 
controller trouble. 



Technical Information TI 31-125a 

E69 SERIES CURRENT-TO-PNEUMATIC 
CONVERTERS AND POSITIONER 
The E69 Series instruments, shown above, include the E69R Rack Mounted and E69F . . 

Field Mounted converters, and the E69P Valve Positioner. All of these instruments accept 
a standard direct current signal, 4 to 20 or 10 to 50 mA. 

The E69R and E69F convert the input signal to a pneu- 
matic signal which may be 20 t o  100 or 40 to 200 kPa 
10.2 to 1.0 or 0.4 t o  2.0 kalcm2or bar). 3 t o  15.6 to 30. . . 

- . 1 to 18 or l to 32 psi. ~ i i s  output signal can be used 
the input to various pneumatic instruments or to power 
valve actuators directly. 

The E69P Positioner, mounted on a valve y'oke, is an iw  
strument that converts a current input signal to a propor- 
tional valve stem position. The pneumatic output of the 
Positloner supplies air pressure to a pneumatic valve 
actuator. The valve stem is mechanically linked to a 
shafi on the positioner. 

CONTENTS.. . 

Principle of Operation 

Construction Details and Adjustments 

Conclusion 
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Split input ranges are available where a less than full scale 
input current will provide a ful l  scale pneumatic output 
or ful l  scale valve movement, as for example, a 4 t o  
12 mA input produces a 3 to 15 psi output. Reverse 
action, where an increasing current input causes a de- 
creasing output, is also available. 

As shown above, there are two types of covers available 
for either o f  the field mounted instruments. Depending 
upon the electrical classification, either the cover attach- 
ed with screws or the cover threaded into the case will be 
provided. 

PRINCIPLE OF OPERATION 

These instruments are examples of position balanced 
systems. The small changes in position generated by a 
galvanometric motor when a change in the current input 
signal occurs is balanced by a pneumatically actuated 
follower system. 

The unique galvanometric motor, shown in Figure 1, 
consists of a wound rectangular coil of fine copperwire 
surrounding but not contacting a qlihdrical permanent 
magnet. The coil is suspended and restricted in  move- 
ment by flexures which permit it a small amount of 
rotation about the magnet axis. Input current flowing 
through the coil interacts with the magnetic field causing 
the coil t o  rotate a maximum of 7O about the axis 
against the spring rate of the flexure. A shorted turn on 
the coil provides backemf damping, which, along with 
the carefully balanced assembly, the stiff flexures in the 
feedback mechanism, and the low mass of the moving 
components, contribute greatly t o  the vibration and posi- 
tion insensitivity of the instruments. This is s very im- 
portant feature, particularly for the field mounted instrw 
ments, where, as the next t o  the last element in a control 
loop, they may be subject to vibration from mixers, 
pumps or other types of equipment. 

TUBE 

I I 
FIGURE 1 

As shown in  Figures 2 and 3, a flapper is an integral 
part o t  the coil structure. As the coil is rotated by an in- 
creasing input signal, the flapper moves to cover a pneu- 
matic nozzle. This increases the nozzle back pressure. 

The nozzle is  connected to a pneumatic relay. As the 
back pressure from the nozzle increases, the output 
pressure from the relay is increased. 

I t  is at this point that the converters differ from the 
positioner in the feedback method employed. 

As shown in Figure 2 for the converters, the output from 
the relay flows t o  external devices, such as valves, and 
also provides pressure t o  a feedback bellows within the 
converter. Increasing pressure in this bellows, acting 
against a spring, moves the nozzle assembly in the same 
direction as the flapper-coil assembly moves when the 
input current signal changes. A new equilibrium posi- 
tion is achieved where the output pressure is propor- 
tional t o  the input current signal. Thus it can be seen 
that the converters are current-to-position-to-pneumatic 
devices with pneumatic feedback. 

SUPPLY 

I J 
FIGURE 2 

SUPPLY 

FEEDBACK 

COIL FLEXURE 

. . 

FIGURE 3 
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The E69P positioner. on the other hand, is a current- 
toposition-to-pneumatic device with mechanical feed- 
back. As can be seen in  Figure 3, the relay output is con- 
nected t o  the valve actuator. A. the valve stem moves t o  
open or close the valve, a radius arm connected t o  the 
feedback shaft of the positioner and to the valve stem 
acts to move the nozzle assembly in the same direction 
as the flapper-coil assembly. In this device equilibrium 
position is achieved where the valve position i s  propor- 
tional t o  the input current signal. Full supply pressure 
may be applied, i f necessary, by the relay t o  the valve 
actuator to move the valve t o  achieve this balance. 

CONSTRUCTION DETAILS AND ADJUSTMENTS 

In position balanced systems, which the converters and 
positioner represent, small movements have large effects 
on accuracy and linearity. Great care has hem taken in 
selection of materials, in matching materials with similar 
coefficients of expansion and in designing the assemblies 
to minimize or eliminate the effects of differential ex- 
pansion caused by ambient temperature changes. 

Adjustments on the instruments are simple and few. 

Zero adjustment is  accomplished in all models by mount- 
ing the galvanometric motor on spring loaded pivots and 
using a zero screw t o  rotate the motor on these pivots. 
thus moving the flapper relative to the nozzle. This 
adjustment is sensitive enough to permit accurate setting 
of zero and yet allow the zero to be shifted enough to 
accommodate, for example, an input range of 12 to 
20 mA. For split ranges an additional feedback flexure 
must be added t o  the mechanism. 

Span adjustment for the converters is provided in two 
ways. Coarse span adjustment is accomplished by vary- 
ing the fulcrum point o f  the eccentric mounting of the 
feedback bellows. Fine adjustment is provided by mov- 
ing the nozzle, thus varying the effective length of the 
flapper. 

Range selection in the converters is accomplished by a 
choice o f  feedback bellows andlor feedback flexures. 

In the positioner, movement o f  the valve stem is trans- 
ferred t o  the positioner input shaft by a choice of several 
different lever arms available t o  accommodate a variety 
of valve and yoke sizes. The span screw in the positioner 
provides a wide range of adjustment for valve stroke. 

For all models, reverse output (increasing current input 
cauw  decreasing pressure from the relay) is accom- 
plished by inverting the motor position in the frame, 
thus changing the direction of the flapper rotation. The 
unit is then recalibrated. 

CONCLUSION 

Conversion of electronic signals to pneumatic signals or 
t o  valve position is an important pan o f  the control 
Imp. The E69 Series of instruments offered by Foxboro 
can be depended upon to perform this important func- 
tion with lasting accuracy under widely diverse process 
situations. These instruments are the result o f  considered 
design, rigorous testing and careful selection of materials 
of construction. 
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MODEL E69R 
CURRENT TO PNEUMATIC 

CONVERTER 

L 

Parts List 
J 

E69R Series Data Coding 

008.646 
September 1981 

Model 
E96R = Rack Mounted Current-to-Pneumatic Converter. 

l 0  to30 mA.30 to50 mA(May be reversed) 
-I = 4 to 20 mA. 4 to 12 mA, 12 to 20 mA (May be reversed) 

Output Signal 
2 = 3 to 15 psi, 20 to 100 kPa, 0.2 to 1.0 kglcm',0.2 to 1.0 bar 
3 = 6 to 30 psi, 3 to 27 psi, 40 to 200 kPa, 0.4 to 2.0 kglcm2, 0.4 to 2.0 bar 
7 = 1 to 18 psi. 7 to 125 kPa,0.07 to 1.3 kglcm'.0.07 to 1.3 bar 
8 = 1 to 32 psi. 7 to 220 kPa, 0.07 to 2.2 kglcm2. 0.07 to 2.2 kglcm' 
X = Other-Specify 

O 1961 by The FoxboroCompany 
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Itmm Part No. 

1 N0196ZK 
2 N0149MA 
3 N0986AE 
4 BO130YP 
- X0106AX 
- 0031203 
- N0149NP 

12 BO12UR 
13 Below 

B0130ZF 
N0143TX 

Qty. Part Name -- 
8 Screw. F.H.. 0.16.32 x 0.312 
1 Backpanet 
1 Top Rail 
2 Sidecover 
2 Retaining Ring 
2 Washer 
2 Screw 

1 Data Label 
1 Feedback Assembly (see Page 4) 
1 Bracket Assembly (see Page3) 

Front Plate 
1 cover 
2 Standoff 
2 Screw. Pan H.. 0.13832 x 0.250 

1 Warning Label 
1 Termlnal Block Assembly 

(Code -H) 10 to50 mA, input 
1 Resbtor, lOohm 

(Code -04 1020 mA. i n ~ u t  
1 ~es is io r .  25 ohm 
1 Terminal Board 
4 Screw. Pan H.. 0.16432 x 0.250 
2 Screw. Pan H..O.l9032x 1.125 

with Lockwashel 

item Pan No. -- 
15 Below 

aty. ~ a n ~ a m e  

1 'Relay(output Code 2) 
M40G. U.S. Issue 
M40G. European Issue 

1 'Relay. M40D(all other outputs) 
1 'Gaskel 

1 Plate 
1 'Gasket 
2 'Screen 
1 Relay Manifold 
2 Screw. Pan H., 0.19032 x 0.437 

with Lockwashe! 
2 Washer 

2 Connector 
Tubing,order0.3 m ( l  11) per unit 

1 TerminatBlock ~ - ~~ 

2 washer 
2 Screw. Pan H.. 0.13832 x 0.5W 
1 Mounting Pad 
1 Cable Tie 

1 Bottom Rail 
1 Information Label 
2 Terminal 
1 Zener Diode(BASEEFA only) 

'Parts preceded by asterisks are those more commonly replaced 
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Fig. E1800B 

Item Part No. Oty. Part Name -- -- 
l See P.4 l Pneumatic Feedback Asoemblv 
2 B0130XC 2 Nut.Specia1 
3 C0138NZ - Tubing, order0.3 m ( l  1t)per unit 
4 X0127KX 2 Screw. Pan H.. 0.19032 x 0.250 
5 Below 1 Galvo Motor Assemblv 

W I Z ~ Z Y  to I O Y ) ~ A  tnp~ l (dode -HI 
Wl24ZX 4 1020 mA lnput (Code -I) 
W124.Z 4 1020mA l n p u t l c ~ e - I .  PTE. 

BASEEFA. SGomm.) 

6 W127XT l Zero Lever Assembly 
7 X0167LO 2 Sc~ew.F.h..0.11240x0 125 
6 C0123AX 1 0.Rinp. 9 3  mm (0.36 in) ID 

Bracket Assembly, consisting 01: 
Nut. 0.25040 
Pivot Screw 
Pi" 
ZeroSpring 
Stem 

Item Part No. -- 
14 BO130ZP 
l 5  X0143EX 
16 X0169CM 
17 W135RZ 
18 W135RY 
19 X0166KR 
20 W127UW 
- W127XW 

Oty. Part Name -- 
l Plale 
2 Washer 
2 Screw. Fil. H.. 0.13532 x 0.250 
1 Screw.Zero Adlustment 
1 Nut,ZeroAdjustment 
2 Retaining Ring 
1 Mo~nt ing  Bracket 
1 Pivot 

2 Column 
1 Column 
2 O.Ring. 4.5 mm(0.18 in) ID 
1 ~u l .Span~dius tmen1 
1 Washer 
l Screw. Pan H..0.11240 x 0.187 

2 Screw. F.H.. 0 .13532~ 0.375 

'Parts preceded by asterisks are those more commonly replaced 
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Fig. E1801A 

Item Part No. Oty. Part Name 

Below 1 Feedback Assembly, by output code: 
B0130UP Code2 = 20 to 1W kPa. 3 to 15 ~ s i .  3 to 

27 psi. 0.2 i o  1 bar of kglcm' 
B0130UO Code 3 = 40 to 200 kPa. 6 to 30 psi. 

0.4 to 2 bar or kglcm' 
B01 WUB Code 7 = 7 to 125 kPa. 1 to 18 DS~. 

0.07 to 1.3 baiorkghm' 
B01WUC m e 8  = 7to220kPa. 1 to32psl. 

0.07 102.2 bar or kglcmz 

l W127XX 4 Screw. Hex H.. 0.18432 x 0.250 
2 X0142KP 2 Nut.0.073-72 
3 X0143EJ 2 Washer 
4 B0130WO 2 S~acer  

6 B0130UT 1 Range Assembly tor Codes 2and 3 
6 B0130XZ 1 Range Assembly for Codes 7 and 8 
7 B0138FN 1 SpacerWaSher 

Item Part No. Oty. Pert Name -- -- 
8 B0136EP l ' Space, 
9 X0104CY 1 Nut.0.16432 
10 B0130XG 1 Clamp 
11 B0130WS 1 Bracket 
12 B01WUG 1 'NouleAssembly 
13 B01WUR l Bellows Assembly for Codes 2 and 7 
13 B01WUS 1 Bellows Assembly for Codes 3 and 8 
14 B0130XA 1 Bracket 
15 X0166KR 1 Retalnlng Ring 

Optional Feature-Split Input Range 

18 Below 1 Split Ranpe Spring (see note) 
B01 WWU Codes 2 and 3 
80130XQ Code9 7 and 8 

17 X0166TF 4 Screw, forsprlngsabove 

Note: Split RangeSpring is required If input is other than standard 4 to20 mA or 101050 mAor their equivalents. 
I 

'Parts preceded by asterisks are those more commonly replaced 

Printed in England 



WARRANTY 
Except as hereinafter provided, the Company (here- warranty except those made with Foxboro's written 
inafter called "Foxborn") warrants that al l  parts consent. Foxbom shall be liable for breach of this 
manufactured by i t  (but not by others) shall be with- warranty only i f  i t  receives written notice of such 
i n  specified limits of calibration, i f  any, and free breach within one year from the date of shipment of 
fmm defects in material or workmanship, under the product to which the breach relates. The fore- 
proper and normal use. Foxboro, at i t s  option, shall going shall constitute the sole remedy of the pur- 
replace or repair, free of charge, any part covered chaser for any breach by Foxboro of i t s  warranty. 
by this warranty which shall be returned, transporta- 
tion charges prepaid, within one year from shipment FOXBORO MAKES NO WARRANTIES REGARDING 
by Foxboro and which examinationproves not to be PARTS MANUFACTURED BY IT OR OTHERS (INCLUD- 
within the specified l imit of-calibration or not to be ING WITHOUT LIMITATION WARRANTIES AS TC 
free from such defects in material or workmanship. MWCHANTABILIM), EITHER EXPRESSED OR IM- 
Foxboro shall not be liable for any repairs or re- PLIED, EXCEPT AS PROVIDED HEREIN. 
placements of parts by others and covered by this 

SERVICE 
The Company i s  anxious to be of every possible Foxboro (Nederland) N.V., Soest. Netherlands pm- 
assistance m you, to insure your continued satis- vide expertly staffed and fully equipped Training 
faction. A fully qualified Service Engineer wi l l  call Schools devoted to the instruction of customer's 
promptly i f  the need arises. Arrangements for this Instrumentation Engineers and Service Men. The 
service may be made thmugh your nearby Foxboro courses cover theory of operation, maintenance and 
Sales Representative. When factory repairs are re- application of the principial types of instruments. 
quired, the instrument may be sent to any Foxboro Applications from Companies in the British Isles 
plant. Check with your International Sales Repre- should be made to Foxbom-Yoxall Ltd.; from those 
sentative who wil l  advise you as to which plant in the other pans of the world, to the nearest lnter- 
should be utilized. national Sales Representative as listed on the last 
The Foxboro Company, Foxborn Mass. U.S.A.; sheet of this book. 
Foxboro-Yoxall Ltd., Redhill, Surrey, England; and 

PARTS 
When repairs are to be made by the customer, i t  i s  data plate when requesting parts l ists or ordening 
strongly urged that only genuine Foxboro parts be parts. (Men unfamiliar with Foxboro Instruments, or 
used. Parts l ists for Foxboro Instruments may be lacking the proper tools and equipment should not 
obtained by writing to your Foxbom Representative. be permitted to unoertake any major service work). 
Always give the serial number fran the instrument 

REPLACEMENT 
I~provements i n  design, materials,or methods some- we can help you in every way possible in discuss. 
tlmes make i t  worth while to replace rather than in9 such prcblems with you. 
repair an instrument which has been in service for in this way you wi l l  be made aware of the latest 
a long period of time. available equipment. 

CHARTS 
Since the accuracy of any recording instrument ments i s  essential i f  full performance of the instru- 
depends, finally, on the accuracy of the cart, the ment is to be realized. 
use of Foxborn Humitex Carts with Foxboro Instru- 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based ' 
systems that control entire plants. Industries sewed are 
chemical, oil and gas, power, pulp and paper, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and start-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill. Surrey, England, Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-90911. Corporate offices 
are located at 38 Neponset Avenue, Foxboro, 
Massachusetts. U.S.A. 02035, Phone: 617 543-8750. 
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I M P O R T A N T  

Style Indication 

Some of thefollowing sheets may refer to a different 
style of instrument from that indicated on the cover 
of this instruction book. 
The reason for this i s  that some sheets are val id for 
more than one style. 
You niay be assured that this book, i n  it's totality, 
w i l l  provide a l l  the necessary information on in- 
stallation, operation and maintenance of the instru- 
ment and style indicated on the cover. 

S.I. Un i t  System 

Foxboro, as a world-wide Organization, i s  an ardent 
supporter of worl d-wide standardization. Because of 
this general policy and the legal requirements in  
Europe, Foxboro has decided to adhere to  the S.I. 
unit system (syst8me internationale d'unit6s). 
A beginning has been made with revising the ex- 
tensive documentation accordingly so that you may 
find that this book contains one or more sheets with 
the units already expressed i n  the S.I. unit system. 

D O C U ~ A ~  Number Prefix 

The document number of certain sheets out of this 
book may be preceded by the lener ' W " .  This de- 
notes that theseuPrinted i n  the Netherlands" sheets 
deviate to  some extent from the original issue: for 
example, by adhering to the specifications of local 
requirements or to indicate that measurement units 
are expressed i n  the S.I. unit system. 



GENERAL INSTRUCTIONS 
1 

Foxboro designs, manufactures, and tests its products to meet many 
national and international standards. However, for these products to 
operate within their normal specifications, you must properly install, use, 
and maintain these products. The following instructions must be adhered 
to and integrated with your safety program when installing, using, and 
maintaining Foxboro products. 

Read and save all instructions prior to installing, operating, and 
servicing the product. 
If  you do not understand any of the instructions, contact your 
Foxboro representative for clarification. 
Follow all warnings, cautions, and instructions marked on and 
supplied with the product. 
Inform and educate your personnel in the proper installation, 
operation, and maintenance of the product. 
Install your equipment as specified in Foxboro site 
planninglinstallation instructions and per applicable locallnational 
codes. Connect all products to the proper electrical andlor pressure 
sources. 
Handle, move, and install each product using the appropriate 
number of personnel and moving deviceslequipment (dolly, forklift, 
crane, etc.). Failure to do so could cause serious personal injury. 
To ensure proper performance, use qualified personnel to install, 
operate, update, program, and maintain the product. 
When replacement parts are required, ensure that the qualified 
service technician uses replacement parts specified by Foxboro. 
Unauthorized substitutions may result in fire, electrical shock, other 
hazards, or improper equipment operation. 
Ensure that all equipment doors are closed and protective covers 
are in place, except when maintenance is being performed by 
qualified personnel, to prevent electrical shock and personal injury. 

e FORM B062 (1183) @~qlstered Trademark 
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E94-A SERIES 
TEMPERATURE TRANSMITTER 

INTRODUCTION 
The E94 Series Temperature Transmitter 
provides a 4 to 20 milliampere dc output 
which is proportional to the temperature 
of a resistance temperature element. The 
transmitter is available in three tvues: 
wide-suan temuerature measurement. 

L ~~ 
-~ ~ - ~ ~. 

narrow-span temperature measurement, and 
narcow-span temperature difference 
measurement. 

The range of the transmitter can be 
trimmed in the field. Two screwdriver 
adjustments are externally available for 
calibration of zero and span. 

Figure 1 

STANDARD SPECIFICATIONS 

Output Load: See Figure 2 
Output Signal: 4 to 20 mA 

TYPE RTD* 

Nickel 
Curves NR-226, -227 

Platinum 
DIN Curves PR-238, -239 

SAMA Curves PR-278, -279 

dc Supply Voltage: See Figure 2 
Amblent Temperature Limits: -40 and +80°C 

1-40 and r180°F) 

0 The maximum load resistance depends on 
the supply voltage shown in Figure 2. 
This relationship results because the 
transmitter itself requires a minimum of 
12.5 volts to operate. 

. UNITS 

'Resistance Temperature Detector 

'C 
'F 

OC 
OF 

Maximum Resistance (in ohms) = 

Supply Voltage - 12.5 V 
20 mA ),1000) 

RANGE LIMITS 

-200 and +320 
-320 and +600 

-200 and +650 
-320 and +l200 

SUPPLY VOLTAGE IV dcl 

Figure 2 

@Rqistered Trademark 

SPAN 

12 to 340° 
20 to 600° 

6 to 610° 
10 to 1100' 

TEMPERATURE 

12 to 56' 
20 to 100' 

6 to 28O 
10 to 50' 

TEMPEHATURE 
DIFFERENCE 
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INSTALLATION 

Dimensions and Mounting 

Figure 3 
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Wiring 
TRANSMITTER 
TERMINAL BOARD 

TRANSMlnER 
TERMINAL BOARD 

n 

NICKEL RESISTANCE TEMPERATURE INPUT 

  OUTPUT  INPUT^ 
PLATINUM RESISTANCE TEMPERATURE INPUT 

'Unless othetwise limited TRANSMITTER 
by safety codes. TERMINAL BOARD 

ACTIVE NOTE: If 3-wire cable is 
12.5 TO - used for each RTD, green 

wires are not used and 
REFERENCE should be taped back. 

OUTPUT INPU 

NICKEL AN0 PLATINUM RESISTANCE 

TEMPERATURE DIFFERENCE INPUT 

Figure 4 

Electrical pickup through the signal 
leads of the measuring element may be 
minimized by either locating the element 
and leads in areas relatively field-free, 
or shielding the leads in separate 
earthed (grounded) conduits. 

The transmitter provides a 2-wire output 
(the same two terminals are used for 
power and for output). The load may be 
inserted in series with either the plus 
(+ )  or minus ( - )  power supply lead. See 
Figure 4. 

Calibration Procedure- 
Temperature Transmitter 
1. Make connections as shown in 

Figure 5. Determine resistance 
range of transmitter from 
temperature resistance curve 
supplied with transmitter. 

NICKEL RESISTANCE 
TEMPERATURE INPUT DECADE BOX :&. 

:@ n 

PLATINUM RESISTANCE 
TEMPERATURE INPUT 

DECADE BOX 

l- l W w r  I 
Figure 5 

TRANSMITTER 
TERMINAL BOAR0 

OC MILLIAMMETER 
4 TO 20 mA RANGE .-". 

.&. 
'& 
@. 

@ 

12'5T05 OTO1875R 
54 V dc 
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2. Set required minimum input resis- 
tance on decade box. I£ output is 
not 4 f-0.16 mA, adjust ZERO screw 
(Figure 6). 

3. Set required maximum input resis- 
tance on decade box. If output is 
not 20 20.016 mA. adjust SPAN 
screw (Figure 6). 

4. Repeat Steps 2 and 3 until both 
readings are correct. 

Figure 6 

-SPAN 
SCREW 

Calibration Procedure- 
Temperature Difference Transmitter 
The values listed in this procedure are 
for a transmitter with a nickel RTD and a 
temperature difference range of 
0 to 50°F AT, at a reference 
temperature of 10O0F. In this example, 
the zero, midscale, and full-scale 
temperatures of the active RTD are 100, 
125, and 150°F respectively. 

1. Set up equipment as in Figure 7. 

2. Determine resistances corresponding 
to zero, midscale, and full-scale 
temperatures. Use Curve NR-226 ['F] 
for this example. 

ACTlVE REFERANCE 

3. Set reference decaded box to 
reference (zero scale) value 
(252.89 n for 125OF). 

Set active decade box to middle of 
difference (midscale) value 
1259.76 n for 100.~ or 25OF AT). 

4 .  Adjust ZERO screw (see Figure 6) so 
that output reading is 12 20.016 mA. 

5. Set active decade box (Figure 7) to 
maximumfference (full scale) 
value (266.81 n for 150-F or 
50°F AT). 

6. Adjust SPAN screw (see Figure 6) so 
that output reading is 20 20.016 mA. 

7. Repeat Steps 3 through 6 until no 
further adjustment is necessary. 

8. Set active decade box (see Figure 7) 
to reference (zero scale1 value 
(252.89 n or iooo~). 

9. Output should read 4 20.016 mA. If 
incorrect. repeat Steps 3 through 6. 

SERVICING 
In normal usage, the transmitter should 
not require servicing. However, if 
required, it is recommended that the 
transmitter be sent back to The Foxboro 
Company, Valencia, CA. 

If the user services the transmitter, 
servicing should be limited to the re- 
placement of the range and/or amplifier 
printed wiring assemblies (PWA's). When 
orderina these Darts. all information on 
the data plate ihould be included. 

The design of the circuitry is such, that 
it is highly unlikely that the range PWA 
will fail. If there is a transmitter mal- 
function, replacing the amplifier PWA 
should correct the condition. If the mal- 
function continues, the range PWA should 
be replaced. 

If the transmitter range is to be 
changed, a new range PWA is required. 
Many standard range PWA's are available 
from Foxboro. If the range is changed, 
alter the data plate on top of the trans- 
mitter. 

I- ,*Pm I 
Figure l 
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Remove Electronic Assembly - 
1. Remove the four screws holding 

cover to housing (Figure 8). 
Remove small screw from upper 
side. 

2. Slide assembly out of housing by 
pushing against lower terminal 
posts with thumbs while bracing 
other fingers against base. 

NOTE 
When slidingXembly out of 
housing, note how flange of 
terminal board and flange of 
metal shielding fit in groove 
of housing. When reinstalling 
assembly in housing (Page 6). 
these parts must be positioned 
in the same arrangement. 

3. To reinstall assembly, see Page 6. 

Figure 8 

Remove PW'S 
The entire electronics assembly (with the 
exception of the external terminal board) 
is coated as a unit with a transparent 
humidity-resistant compound. Before the 
individual PWA's can be removed, this 
coating must be removed from the slots of 
the screws holding down each PWA. 

1. Remove the five screws (at E2, E6, 
E7. E8, and E91 connecting 
amplifier PWA to range PWA. 
(Figure 9). 

AMPLIFIER [UPPER) FWA 

'TERMINAL BOARD 

Figure 9 

2. Separate and remove amplifier PWA 
from rest of assembly. 

NOTE 
The coating tends to hold the 
PWA's together. Force may be 
required to separate them. Do 
not damage components on the 
PWA which is not being re- 
placed. 

3. Remove the four screws at El, E3, 
E4, E5 (Figure 10) and hex standoff 
E2, connecting range PWA to 
terminal board. 

4. Separate range PWA from terminal 
board. 

NOTE -. 
When lifting off range PWA, female 
extension of standoff at E3 (at 
underside of PWA) must be lifted 
off male extension of terminal 3 
(located on blue terminal board). 

RANGE lLOWERl FWA 

Figure 10 
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Install P M ' S  
Replacement PWA's are factory-coated on 
both sides with a humidity-resistant com- 
pound: areas that will be in contact with 
mounting screws and standoffs have been 
protected with a peel-off covering. This 
covering must be removed before instal- 
lation to ensure electrical contact. 
After installation, exposed portions of 
these areas must he coated with humidity- 
resistant compound. 

Replacement PWA's are shipped with a 
stripper-coating kit to remove old 
coating and to coat exposed areas. Re- 
quired mounting screws and washers to 
replace the old hardware are also in- 
cluded. 

Interconnections between the PWA's and 
the terminal board are made through 
mounting screws and their mating stand- 
offs. All screws must be securely 
tightened. 

1. If range PWA is being replaced, the 
exi'sting coating at the five 
mounting pads on both sides of the 
amplifier PWA (which must be re- 
moved first) must be removed to 
ensure good electrical contact. 

Apply stripping compound supplied 
with PWA to these areas. After 
about one minute, clean these areas 
throughly with a cotton swab soaked 
in isopropyl alcohol. 

2. Install parts in reverse order of 
disassembly. 

All mounting screws are 1 4 - 4 0 .  
Amplifier PWA uses five 3/8 in long 
screws. Range PWA uses four screws 
and a hex standoff. The shorter 
screw is used at the wire tang. 

3 .  Use a cotton swab to paint all un- 
coated areas with coating compound 
supplied with PWA. Allow to dry in 
air for one hour. 

4 .  Reinstall assembly into housing. 
See adjacent section. 

~eins'tall Electronics Assembly 
If the electro-magnetic interference pro- 
tection of the transmitter is to be main- 
tained, the flange of the metal shielding 
and the flange of the terminal board must 
fit in the groove of the housing as shown 
in Figure 11. 

NOTE 
The clearance between the assembly 
and the housing is very small, and 
the procedure must be followed 
exactly. 

1. While compressing flange of 
shielding, as shown in Figure 11: 

a. Position assembly in line with 
housing. 

b. Position flange of compressed 
shielding so that it is in 
line with bottom of groove in 
housing. 

c. Ease assembly into housing. 

HOUSING 

SHIELDING 

Figure 11 
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CIRCUIT DIAGRAMS AND PARTS LIST 
PTB Version, Part A2043FY 

Standard version, Part A2041EA (Right hand portion shorn) 

The parts lists and circuit 
diagrams provided in this In- 
struction are solely for infor- 
mational purposes. The use of 
this information for repair of 
the instrument is not recom- 
mended and the user shall be 
responsible For any damage to 
the instrument, or possible 
violation of warranty, re- 
sulting from such repair. 

I 

Figure 12. Amplifier PWA 

Parts List 

Description I tem Part No. 

R1 Resistor, film, 180 Q t2%, 1/4 W, 200 ppm/'C 
R2, R3 Resistors, metal film, 2 kn 1 % .  1/8 w.-50 ppm/~c 
R4, R5 Resistors, metal film, 200 kn ?l%, 1/8 W, 50 ~ p m / ~ C  
R6, R7 Resistors, metal film, 10 M1 tie, 1/8 W, 50 ppm/*C 
R8 Resistor. film. 2 kid *2%. 1/4 W, 200 vvm/'C 
R9, R10 ~esistori, mete1 film, 68.1'kn ;l$, 178 W, 50 ppm/'C 

Resistor, metal film, 100 kIl 21%. 1/8 W, 50 ppm/'C 
Resistor. film. 10 M ~ 2 % .  1/4 W. 200 oDm/OC . . 
~esistor;, film, 200 kn rim, 118 W, lob'vbm/~c . . 
Resistor. 1 bG *l$, 1/8 W, 50 ppm/OC 
Resistor, film, 274 kIl *l%, 1/8 W, 50 ppm/OC 
Resistors. film. 332 kn flm, 1/13 W, 50 ppm/*C 

Resistors, film, 100 kn 22%. 1/4 W, 200 ppm/*C 
Resistor, carbon composition, 18 Ml i59, 1/4 W 
Resistor, film, 300 i2%, 1 W, 200 ppm/'C 
Resistor, film, 27 kIl t2%. 1/4 W, 200 ovm/-C 
Resistor, metal film, 30.1 kn t1E. 1/8-w,'50 ppm/'C 
Resistor, metal film, 68.1 M *l$, 1/8 W, SO ppm/'C 

Resistor, film. 1.2 kn t2E. 1 W, 200 ppm/OC 
Resistor, film, 24 M t2%, l W, 200 ppm/OC 

Cl (standard) 
C1 IPTB) 

Capacitor, 15 pF t10%, 35 V dc, tantalum 
Capacitor, 15 eF 210%. 20 V dc 
Capacitors, 0.1 eF '5%. 50 V dc, polycarbonate 
Capacitor, 1.0 PT t208, 50 V dc, ceramic 
Capacitors, 3.0 PP '5%. 500 V dc. mica 
Capacitor, 0.01 eF t10E. 50 V dc, polycarbonate 

C8, C9, 
C10, C12 Capacitors, 0.1 "F tlO%, 100 V dc, ceramic 

C13 Capacitor, 100 pF t5%, 500 V dc, mica 
C14 Capacitor, l000 pF +20%, 100 V dc. ceramic 
C15 Capacitor, 0.01 lrF 210%. 100 V dc, ceramic 

CR1-CR4 
CR6. CR7 Diodes, Switching, Type 1N4531 

CR5 Diode, Rectifier, Type IN645 

Ql. Q2 Transistors. N-JFET. Type 2N4393 
Q3 Transistor, NPN, Type 2N3440 
04 Transistor, NPN. TvPe 2N2484 
05. Q6 Transistors, PNP, ?+pe 2N2907A N0282AL - - Transistor Pad (used with Q1, 02, Q4, 05, and Q6) A204OYP 

U1 IC. Operational Amplifier, Type W308 (Select) A2042DX 
U2, U3 IC. Operational Amplifier, Type W308 N0284PB 



Figure 13. 
Circuit Diagram Amplifier PWA 
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PWR + 

CTR 

FWD 

REV 

----- 
~ S P A C I N G  FOR INTRINSIC SAFETY 

PWR- 

Figure 15. 
Circuit Diagram Nickel Resistance Range, 

Wide Span PWA 
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HTD 

t 6 . 6 V  

AMPL- 

AMPLt 

SIG GND 

E9 A 

Figure 21. 
Circuit Diagram Platinum Resistance, 

Wide Span Range PWA 
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E93 AND E94 SERIES 
TEMPERATURE TRANSMITTERS 

OPTIONAL JUNCTION BOX 

INTRODUCTION 
The E93 and E94 Series with surface 
mounting temperature transmitters can be 
equipped with an optional junction box. 
The junction box contains jack connec- 
tions for a local readout or for mounting 
an optional output meter. The output 
meter dial has uniform ( 0  to 100%) gradu- 
ations corresponding to a 4 to 20 mA 
output . 
The junction box can be rotated to any 
position and the terminal block within 
the junction box can be rotated in 90° 
increments. 

INSTALLATION 

Piping 
TO prevent condensation build up, the 
junction box should be mounted in the 
upright position. (See Figure 1) 

E93 OR E94 TEMPERATURE 
TRANSMITTER -, 

JUNCTION BOX 
WITH OPTIONAL 
OUTPUT METER 

Wiring Figure 1 

Optional Junction Box Wiring 

K CONNECTIONS FOR OPTIONAL 
ER OR TEST LEADS 

CONNECT LINES 10.75 mm' OR 20 AWG 
WIRETYPlCALl FROM POWER SUPPLY 
AND RECEIVER TO B I+) AND E 1-1 
TERMINALS 

DOTTED LINES INDICATE OF TRANSMITER 
WIRING TO TERMINALS 
ON REAR OF BLOCK. TERMINAL BLOCK 

IFRONTVlEWl 

Figure 2 

B 1983 by The Foxboro Company @Repistered Trademark 
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Internal Wiring 

OPTIONAL 0.1 TO 0.5 V dc VOLT- 7 METER FOR 4 TO 20 mAOUTPUT 

TERMINALS ON 
REAR OF BLOCK 

TERMINALS 
ON FRONT 

TO POWER SUPPLY 
AND RECEIVER 

F i g u r e  3  

Rotating Junction Box 

1. Loosen hex l o c k n u t .  (See  F i g u r e  4 )  

2. R o t a t e  box t o  d e s i r e d  p o s i t i o n .  
R e t i g h t e n  l o c k n u t ,  h o l d i n g  box 
s t a t i o n a r y .  

Rotating Terminal Block 
1. Unscrew c o v e r  and l i f t  o u t  meter  

( F i g u r e  5). 

2. Remove t h e  two screws ho ld ing  
t e r m i n a l  b lock and l i f t  o u t  b l o c k .  
R o t a t e  b lock t o  d e s i r e d  p o s i t i o n ,  
and r e c o n n e c t  t o  j u n c t i o n  box. 

3 .  R e i n s e r t  meter  i n t o  b lock  and sc rew 
on cover  hand t i g h t .  

JACK CONNECTIONS FOR OF'TIONAL 
METER OR TEST LEADS.WlTH TEST 
LEADS USE MINIATURE BANANA 

COVER 

TERMINAL BLOCK 

PLACE GROUND WIRE 
ON MOUNTING SCREW. 

F i g u r e  5  

Reference Documents 
For s t a n d a r d  i n s t r u c t i o n s  o f  t r a n s m i t t e r  
s e e :  

M 1  020-450 E 9 3 - A  (Non- I so la t ed1  
M 1  020-451 E93-B ( I s o l a t e d )  
M 1  020-455 E9 4  

l I 
LOCKNUT 1 

F i g u r e  4 

Printed in England 
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Figure 3. Simplified Circuit Diagram of the E94 Series Tkansmitter. a 
The bridge circuits vary depending on the type of 

RTD, nickel or platinum. and the span of measurement. 
Either wide or narrow range bridge circuits may be used 
with nickel and platinum RTD measurements. 

A nickel RTD, following the NW26 or NR221 c w e .  
has a uniform percentage increase of resistance with ten]- 
Deranue. The narrow span nickel RTDcircuir usedin the E94 
Series Transmitter hasa current division bridge. The wide 
snannickel RTD circuit also has an owrational amplifier to 
drovide a constant current excitatibn. 

A platinum RTD has a nearly linear resistance vs 
temperature curve. The narrow span platinum RTD circuit 
is similar to the narrow span nickel RTD circuit. However. 
the wide span platinum RTD circuit requires another type 
of bridge. In order to obtain a linear voltage vs tempera- 
ture output from the bridge, slight variations of the cur- 
rentthrough the bulb are necessary. In this way, the 
current source is programmed to increase or decrease in 
rhe desired manner. 

Figure 3 is a simplified circuit diagram of the E94 
Series Transmitter. To provide compensation for the 
effect of lead resistance on zero. a three wire connection 
is used with all types of RTD. One lead is in series with 
the bulb, one in series with the zeroing tesiston and the 
third is in series with the high impedance current source. 
The amplifier is a very high gain, chopper stabilized 
difference amplifier. It functions as a null detector by 
controlling the 4-20 mA output current to  maintain a null 
between the bridge output and the feedback voltages. 

The transmitter is protected from reverse polarity 
connection of the power supply by means of a diode in 
the negative lead of the output circuit. 

CONSTRUCTION 

The transmitter contains two circuit board assem- 
blies: a range board, fastened to  the user connection 
terminal block, and an amplifier. fastened to the range 
board. All electrical interconnections are made through 
spacer posts; no internal wiring changes are needed for 
disassembly or range changes. The basic transmitter con- 
sists of the circuit board assemblies mounted in an ex- 
truded aluminum housing. This basic unit can be mounted 
in nonhazardous Ordinary Locations. The E94 Series 
Ransmitter is also available in a surface or element 
mounted housing designed for use in Class I, Group C or 
D. Division 1 Hazardous Locations. 

SUMMARY OF FEATURES 

1. The two wire transmitter concept decreases 
total installed costs in many applications. 

2. Interchangeable range unlw allow flexibility 
in original or subsequent applications. 

3. The completely solidstate consmction of the 
E94 Series Transmitter - featuring integrated circuits 
and industrial grade components - provides high accuracy 
and dependable service. 
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E94 
TEMPERATURE TRANSMITTER 

Style C 

Model Code 

E94 = Temperature Transmitter 

Measuring Element Type 
-Q = temperature, Plat~num RTD, 100 fl DIN 
-P = Temperature, Platinum RTD, 100 fl SAMA 
-N = Temoerature. Nickel RTD. NR-226 or NR-227 
-C = ~emperature'~1fference. Platinum RTD 
-B = Temperature Difference. Nickel RTD 
-X = Nonstandard 

Measurement Range 
See Instrument Data Label 

Transmltter Package Code 
B = Bas~c Amplltler Package 

(~mpl l f le r ln  control room environment or for replacement) 
S = Surface.Mounted Transmltter Package 

(RTD remote and transmitter in field environment) 
W = Integrally-Mounted Element Package 

(RTD mounted to transmitter, bare element) 
L = Integrally-Mounted Element Package 

(RTD mounted to transmitter, element spring-loaded Into well) 

O 1883 by The Foxboro Company 
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Basic Package 
(Code B) 

Figure E1574A 

Item Part No. -- 
1 A2041EQ 
2 - 
3 A204lDQ 
4 XOlOORL 
5 A2041EM 

Qty. Part Name - 
8 Screw. F.H., 0.13832 x 0 . W  
1 Label (give origin, range, and sensor 

informationl 
1 Top Plate 
5 Screw, Pan H., 0.164.32 x 0.375 
1 Housing 

1 Bottom Plate 
1 Screw. F.H., 0.112-40 x 0.187 
1 PWA, Range (give origin, range, and 

sensor Information) 
t PwA, Amplifier (give origin, range, and 

sensor information) 

l Mounting Kit (far installing basic 
package on 2.in Pipe) 
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Element Mounted Assembly (Codes L or W) 
Surface Mounted Assembly (Code S) 

Item Part No. -- 
l A2043LK 
2 A2040AH 
3 - 
4 XOISBVD 
5 W26003 

6 NOll9RL 
7 Below 

N0249LE 
N0249LK 
N0249LJ 

- A2014ZM 
- A2038TG 

9 Below 
A2041WR 
B0125GN 

10 N0143WX 
11 Below 

A2041UN 
E01 19FC 

12 - 

Part Name 

Cover 
Gasket 
E94 Temperature Transmitter (see page 2) 
Screw. Pan H., 0.lM.18 x 0.500 
Lockwasher 

Washer 
Wire Lead. 150 mm (6 In) 

Green 
Black 
White 

Terminal 
Terminal Lug 

Resistance Temperature Detector (RTD), 
(For well type installattons, 
give " A  length of  bulb plus 
" U  and "T" lengths of well.) 
Includes Padder Board, item 30 

Data Plate 
Standard 
PTB Application 

Screw. Pan H.. 0.086 x 0.187 
Nipple 

140 mm (5.5 in). see note 
125 mm (5 in) 

Well. 314 NPT Lagging, (give material 
and " U  and "T" lengths) 

13 0029775 1 Reducing Bushing (used with bare bulb) 
14 - 1 Resistance Temperature Detector (RTD). 

(For bare bulb installations 
112 NPT. give "U length.) 
includes Padder Board. Item 30 

15 - 1 Well, 314 NPT Plain, (gke'materiai and 
.'I I.. lonnlk, . -. ., 

16 Below 1 Coupling Assembly 
A2041YZ 140 mm (5.5 in). see note 
A2041YY 125 mm (5 in) 

17 A2043EM 1 Grounding Strap 
I 8  X0122UH 1 Screw 
19 A2014ZY 1 Lockwasher 
20 X0124FZ 1 Screw Only 
21 A201422 1 Lockwasher 
22 A2043EN 1 Grounding Strap 

23 A2040CJ 1 Drain - Breather 
24 DOll6KR 1 Plug. 112 NPT 
25 Below 1 Base, Element Mounted (Codes L. W) 

A2043LL Standard 
A2043NK PTB Application 

25 Below 1 Base. Surface Mounted (Code S) 
A2043LM Standard 
A2043NH PTB Application 

26 B0129KA 1 Spring 
27 A2042RL 1 Hook 
28 N0207AB 1 Pressure Plate 

) i 2 e i s  

29 X0156NK 4 Screw 

30 - RTD Padder Board (included in 
items 8 and 14) 

31 EOll9FM 2 Clip 
32 XOISBNK 2 Screw. Pan H., 0.13820 x 0.375 

Note: Order Space, A2041UR (not shown) when using 140 mm 
(5.5 in) coupling or nipple. 

Figure E1593 



prin!ed i n  England 



WARRANTY 
Except as hereinafter provided, the Company (here- warranty except those made with Foxbom's written 
inafter called -8Foxbom") warrants that all parts , 

consent. Foxbom shall be liable for breach of  this 
manufactured by i t  (but not by others) shall be with- warranty only i f  it receives written notice of such 
in specified limits of calibration, i f  any, and free breach within one year from the date of shipment of 
from defects in material or workmanship, under the pmduct to which the breach relates. The fore- 
proper and normal use. Foxboro, at i t s  option, shall going shall constitute the sole remedy of the pur- 
replace or repair, free of charge, any part covered chaser for any breach by Foxboro of i t s  warranty. 
by this warranty which shall be returned, transporta- 
tion charges prepaid, within one year from shipment FOXBORO MAKES NO WARRANTIES REGARDING 
by Foxboro and which examinationproves not to be PARTS MANUFACNRED BY IT OR OTHERS (INCLUD- 
within the specified limit of calibration or not to be ING WITHOUT LIMITATION WARRANTIES AS TC 
free from such defects in material or workmanship. MWCHANTABILITY), EITHER EXPRESSED OR IM- 
Foxboro shall not be liable for any repairs or re- PLIED. EXCEPT AS PROVIDED HEREIN. 
placements of parts by others and covered by this 

SERVICE 
The Company i s  anxious to be of every possible Foxboro (Nederland) N.V.. Soest, Netherlands pro- 
assistance to you, to insure your continued satis- vide expertly staffed and fully equipped Training 

(;C faction. A fully qualified Service Engineer wi l l  call Schools devoted to the instruction of customer's 
promptly i f  the need arises. Arrangements for this Instrumentation Engineers and Service Men. The 
service may be made thmugh your neatby Foxbom courses cover theory of operation, maintenance and 
Sales Representative. When factory repairs are re- application of the principial types of instruments. 
quired, the instrument may be sent to any Foxbom Applications from Companies in the British Isles 
plant. Check with your International Sales Repre- should be made to Foxbom-Yoxall Ltd.; from those 
sentative who wi l l  advise you as to which plant in the other parts of the world, to the nearest Inter- 
should be utilized. national Sales Representative as listed on the last 
The Foxbom Company, Foxbom Mass. U.S.A.; sheet of this book. 
Foxboro-Yoxall Ltd., Redhill. Surrey, England; and 

PARTS 
When repairs are to be made by the customer, i t  i s  data plate when requesting parts l is ts  or ordening 
strongly urged that only genuine Foxbom parts be parts. (Men unfamiliar with Foxbom Instruments, or 
used. Parts l ists for Foxbom Instruments may be lacking the pmper tools and equipment should not 
obtained by writing to your Foxbom Representative. be permitted to unoertake any major service work). 
Always give the serial number from the instrument 

REPLACEMENT 
I!npmvements in design, materials, or methods some- we can help you in every way possible in discuss. 
tlmes make it worth while to replace rather than ing such problems with you. 
repair an instrument which has been in service for In this way you wi l l  be made aware of the latest 
a long period of time. available equipment. 

CHARTS 
Since the accuracy of any recording i n s t ~ m e n t  ments is essential i f  full performance of the instru- 
depends, finally, on the accuracy of the cart, the ment is to be realized. 
use of Foxbom Humitex Carts with Foxboro Instru- 



The Foxboro Company sells and services more than 1,000 
products used to measure, analyze, indicate, record, and 
control such process variables as flow, temperature, pressure, 
level, and composition. Products range from instruments 
that sense and transmit these variables to computer-based 
systems that control entire plants. Industries served are 
chemical, oil and gas, power, pulp and papei, food, metals, 
minerals, marine, and textile. 

Manufactured in 9 countries, Foxboro products are . 
identical in design and performance around the world, where 
they are sold and serviced in 160 major industrial areas. 
Services include engineering, project management, 
commissioning and start-up, maintenance and repair, and 
training. European Manufacturing Resources based in 
Redhill. Surrey, England. Phone: 0737-65000, and Soest, 
The Netherlands, Phone: 021 55-9091 1. Corporate offices 
are located at 38 Neponset Avenue, Foxboro. 
Massachusetts. U.S.A. 02035, Phone: 617 543-8750. 

Printed in the Netherlands @Registered Trademark 



22-472 
January 1983 

13F AND 15F SERIES LIQUID-LEVEL TRANSMITTERS 
CALIBRATION AND SERVICING 

1, , , ~-..'quir.r:d if  l,rar.a.n!lLcr h a s  beer; t a k e n  rpnrr.  I'ur c l e a n -  
1r.s C? p ~ r . : S  r?il?ccexert'.. if rz r .~?  !:* t o  :!r chacgcd. 3r i f  arc l lnf  0.' 
e ? e ' , h ~ i o n  0:. s;lp;r.~s?io:, i n  CO bc C!?irncC s::?$t2n:ial ly.  

; ~ ~ . a n s m i ? t e r  can :,F! cel jb :*s te ; l  i n  s ? c r r s ?  d i f t ' . rcc t  ur : i t s  ruci? a s  S i  
( 2 ~  t s  130 k ~ a )  0: vs:-invs cu:jLnaary ZnlLs  ( e . g .  3 t.6 1 5  p s i ) .  Then? 
5 a 5 :  c : :  e q ~ i v n j r n t ;  . t ; tcrei 'cr? tmnam;t:'2? ?ulL be 
c : i l iDra t rd  t o  snce a i c n a i  c r e s s u ? c  r r n g c  a a  r e c e i v c r  wi'h wh ich  i t  is 
U3?(1 .  

7 .  Tr.nnsmiLte? l 3  ;oliD!'1c~;1 c i t t c l .  by a p p l y i n e  k?or!i irwt a:lcf ad- 
j u s t i n ;  ou:gl~r s o  cc:.:*dr;r<:nding v a l u e  ( S e c c h  c a l l b r a t i o r i ,  V-igr 3 ) .  o? 
by p o s i t i : r n i r , ~  r,ani_e whael Lo s n3c.b:il'ic 1 3 c a t i o n  on rbr i rc  b a t  col- 
r c s p o n d i n ~  c c  a ;~r.,-:!c:er!cicet! span  ( i n - r l l a c s  enl ib : .a t ion ,  Fag* 2 ) .  

U .  T ?  r anga  i s  i.9 be chceEed,  s e e  Poed %. 

P i p i n 9  fcr De?.ci' C a l i b r a t i o n  -. 
C a l i b r : * ~ i n ~  si,;:?sis a r c  ge r l e rc t ed  b:: a p p l y r n z  an  a i r  p-css.l:-l.' :Mcdaln i 5 P  
and 1 3 ~ ~ )  sr s tece  l i q u i d  ( ~ o d c ;  ? 5 u )  t o  t h e  Cla9hrafiin. A :\uege:i?ed 
e a i l b r a t i o n  F i : < t c r ~  i s  a S Z L ~ C ~  h i i n 5  f ? a n ~ n  wit3 a tsp?cd h61e as t h c  
p r e s s u r e  c o n n e c t i o n  i : l l . . t s tmcc0 b c l c w ) .  (With Madcl 1 3 Y L  ,use a r i n g  
f l a n g e  w i t ! :  h :K. p i p e  welCeC ro i t . )  Nocc tha:  S ca?;bra t . ion  
fixti;:.c i s  n o t  r e q u i r e l  t o r  a Lr.anami-,ter. w i t h  ar? elevated- : :cro  rar tge .  

0 t u  14'0 i P a  0 7  

0 t o  20 ~ s i  Ten: O c u ~ i ,  f31. r e a d l : ~ ~ :  ca? ib:,f~- 
ilu:pvt :eat 1:au~5 t i n s  s i g n a l  pr*2ssurc .  With 

Kcdel 1 5 Y ,  u s e  head cf l i q u i d  
Regu la re  a l r  ~ u 3 p l Y  ( I n s t e a d  > C  a i r  przaxurc). Sec 
i 3  p ~ e s n u r e  :<L which Tn:;L?uction Mi 22-47>, 
C r a n s m i L ~ c ?  will b e  
u p c r a t i n p .  

TranerniCCer 
A l . ,  Sur.;lly 

C n l i t ~ r a t i n i ;  
A:? Supply  

xi:;l elevn:ce ::er.3 : . a c ~ . ~ .  a , s ~ i y  c ~ l : ~ r . n i l n d  prc ts ; .yrs  r s  low-prcszurc  
sid,:. ~ p p l ?  a pre:; : ;~~,:  cam=-riczlly Cq~rh l  trn t h e  LW-:. ! . B l i ~ i  v ~ l u e  
for 20 X?;, : ; : ~ p f ! l y  t h i s  . r~lur!  n:?nu:; suer. I'or 100 kl'n 
o r  L', ps1 <>..,t;>,A!.. 
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NORTH DOWXS INST 

Tile ranp,e o f  t h e  : r a : l smi t t e r ,  as c a l i b r a t e d  a: 'he i ' ac tory ,  i s  s:srr.~ed 
cr. t h e  data G l a z e .  3y r e c a l i h r a t i c n ,  t h e  r a n g e  c m  b e  c h n n ~ b d  t o  &-.:I 
vnlut '  uiLkir:  Lhu l i ~ n i L S  o f  t t i c  diaphr;gtt~ c a > s x l ?  z s a e r : ~ l y .  

k ' i t t :  Models l a 3 ,  i f  t h e  ies11,cd rangc. Is o u t s i d e  t h e  l imits  oT 
:!:c y a r L i c u l a r .  capt iu le  i r ~ s i a l l c d  i n  t t l o  t r .a: ts: :~it tcr ,  b.3t Withi!l t!:C ii3- 
Its o r  t h e  o t h e r  ava: lable  c a p a u l u ,  i n s t a l l  Chis o t h c r  c a - n k l c .  

L i r t e d  below a r e  t h e  r ange  :.:m.its 3nd i d e n t i  ? i a a t i o n s  o f  Lhc Vario~;:; 
c a p z 1 1 9 ~ .  The d a t a  p l a t e  s h o u l l  be altered t u  i nd inaLu  LhC r:Cu Lnngc. 

I I SPAN A ?  BETWEEN I 
- - 

L0 1 7 7  mm ( C . 8  i n )  
EX0 8 1  m ( 3 . 7  i n )  

15P  0 . 1 3  and 0 . 6  5 and 25 
137.  131% 0.5 and 6 20 and 25C 

H I  4 4  mm (1.7 i n )  137,  I j P E  5 and 21 203 and $50 

I n - P l a c e  C o l i b r a t a  

S i n c c  19711, a l l  t r a r . s m i c t e r s  h v e  been aqr;j?pwd ,&it!> a v c r n i e r - t y p e  
r a n g e  a d j u s t m e n t  which parmiZs t h e  ~ s c ?  tn r e a d  x i t h  h i g h  aac:rI3acy ( 4  
I i j u r e s )  t h e  p o s i t i o n  ol' t:ha V R n g R  u:lecl On t h e  ror.Ee b a r .  

JP Lhe f r a f i s m i t t c r  1s c a l i b r a t e d  ( s e e  P a p  3)  t o  c c v c ~ a l  d e s i r e d  rsnp,eS 
( w i t h o u t  chanee  i n  %pro  w l c v a ~ i o n  01- s s > ? r e s s i o n )  a n d  t h e  p o s i t i o n  o f  
t h e  rar.ce wheel  i s  n o t e d  I'ur each  c & l i b r e c l a n ,  t h e  t r a n s m i t t e r  can P E  
: - a c a l i b r a t c d  t o  any o f  t h e s e  r:i;lxes, wiLh 5 . 5 %  o f  sps r .  a c c u r a c y ,  by 
m u r e l y  i .OpOD1tionin~ t h e  r a n d e  wheel t o  iLs m s o c i a t e d  p o s i t i n n .  
T i g h t e n  t h e  r a > p  wheel s e c u r e l y  b e r c r e  put'i  r . ~  L!te t r a n s n l i t t e r  back 
? n t o  o p e r a t i o n .  

Flexvre Locknut Adjustment  

Make t h i s  a d j u s t m e n t  i f  d iaphragm vsscrnbly v a s  rcnovcd o r  i T  Llcxurc  
lockr~u' .  wa:i ioosonarl. T h i s  p:.oredurs is n o t  (lppli':abln L0 Modcl L'jb'E. 

1. Connect e i r  s u p p l y  a n d  o u t -  
p u t - r e a d i n g  t c s z  goug-. 

~- ~ . . . - - - - . . . . 
prusaion a t t a c h x e n t  ( i f  
p r e s e n t : ;  bee  S t e p  2 u n d e r  
" C a l i b r a t i o n  P rocedure" .  

~ e r c '  P/' . 
Screw 

3. Renove bo t tom C r a i n  p l u ~ ,  and 
l n o x r n  f l o x u r e  locknu: wick a 
1/11 i n  hex-key wrench. 

' l  With pl p r e s s u r e  on d l sghrscm 
c a p s u l e ,  a d j u s t  z e r o  i c r u w  30 
t h a t  OUCput. in 20 kPa o r  '4 p s i .  

.:are:'ully t jghLen  I'lexilre iOCk3'J: 
s o  t h a t  o ~ t p u t  p r e s s u r e  d o e s  nor  
cbmEe by more thar. -2 .7 'k i 'o  0:' 
10.a po:. 

Lf 0ukpuL p?essc re  i a  n o t  w!Lhin 
L :  i m i  le3sc.n looknu', a:!:: 
C I rcLlg '  .t:vn. 

l '  t . :  c  5 l not. 
w i t h i n  l i m i t . = ,  it i n d i c a t e 2  the; 
?ndex rne.rkr on c a p r o l e  and body 
sr? n o t  a l i g n e d .  Cjr rec :  by r c -  
pGsi ' , lon;ns  u:4j:zi:i c In*? S t r p  f, 
0,: 7'2.5- 5 ) .  



NOR& DOWNS INST 

C a l i k r a L  icc PKocridu::e 

Src?:; 2 ,  2 .  :+nd 5 i n  prc..'r:l:lrc btllciv pc:r.ain s r : l y  :s r.~a:~:irni:tc:'s %:L!I 
o l r v a t e C - z e r o  O r  :jupprea:je2-zc:'o 7ar.h:-a. Ill:~s:rs:i3::s i'sr rl:uss srr;ls 
~ h o h .  fcp;ri.ess,:C-ze.-O :,a:;:$ DtLBchaeril,. I: '.razs::i:Ler h a s  c l ~ e v a t e l - z e r o  
; snG a::ac':u:.nrt, locat ior :  c? t:i? !.W!, s c ? r u s  T;I'.:?'~c:IPJ i s  i ~ r v e r s e d .  , I f  -.. 1.. ar~smi t i e r  h a s  l?ci t t e r  c l e v i t t e i  I ~ : , ; : ~ ~ S S U ~ - ~ F ? O  : - s ~ g t l ,  s k i ?  Lhese 
sLrpa .  

1. S e t  u p  ca l ib :*a i ion  e q  a s  sclo>::l 9 .  With f?levst,ed o r  a ~ p 3 r u s z e d  z e r o  
o n  Fa$, i. P :  s e t  ca1Ibrd:ing p r e ~ ~ c r e  

e(:Jal  t o  lmtr r a n g c  v a l u e .  (With 
2 .  j r  tranamit:cr h a s  e lc ' f sLad a:' :;c - ~ l e v h t - d - z e r o  r a : ~ ~ c ,  a p p l y  c a l i b r a t i n g  

p r e s s e d  z e r o  ~.:vrisc.. d l r c x r . e c ~  sii!i:ii py.s:;. . I .  .. e  :c  i:w-?~.e:ieu:.e s i d e  oi' t7ar.s- 
r r o a  r o r c e  b n r  a r  f o l l o w s :  a lcCer . :  c~?iL~?it!o;!  1'1.anec iz :1Ol 

b .  Turn zCjr:.?.t-c:lt s c r e w  clock'n'i:;r 
ur l i i  l sp:ing i s  c l e a r  o r  brAcket 
S p r i n j  nc iL c o t  b i n 3  aeoirl:it, 
r1appc.r  nr. cns ' . Inz.  

Screw 
AEjustmcrlL 

3. W i t h  nu ; :~ess>r ( .  03 t l~ar(:4ait tc: . ,  ~ 5 j : . i S :  
z e r o  screw 57 t3at 0uL2ut On t;13t ~ni:&C 
reari.. ? Q  ki'a o r  3 p:;i. 

NOTSS 
1. To conver; liquid l e v e l  expr?ssed  

i n  inches oi' aazcr t o  y s i ,  mnlsL- 
p l y  h y  0.0361. 

11' screw was o c  i n  SscF ?-a, 
r e ? l a c e  i t .  

Zero  
%rew 

'J. ? ~ r r t  ?.d.:usLment screw sc t h o l  na:yut i s  
2 3  X?a o? 3 p s i .  F inu adjuaLme:i: can  
b e  made wi th  zero S C r H w .  

l 
h .  $ C L  ca; iS?a i ing  g l r s s u r e  equa l  t o  u p p c r  

:Tr!zP Y ~ ~ L I C .  Th+ o u t p u t  shOuld 51 
100' &PC 2- ; 5  p s i .  

7. 1 u t  i s  i r~cor . r .uc t . ,  ? s o s c n  lockr.%t 
Crlt:  adjus :  :'anpc wheel f o r  c o r r e c t  o u l -  
p u l .  Turn:ng :snjie wheel  down ::I- 
c r e a s e s  o i l p u t .  R c t i g h t e r ~  l o c k n u t .  
a f s c r  rpch  adJvsrw2nC. 

8 .  HPDCOC :iEe39 .? Lhroudt 'l ! l n t i l  t h e  dc- 
s i r e d  ai:curccy i s  nDLirlnad. 1 8 i ~ h t c n  
r,rr.ec v h c e l  10ck:rut s e c u r e l y .  



NORTH DOKNS IXST 

-.,.-. . .. . , . . 

TO S e r v i c e  Supply R i r  F i l t e r  To Clean c r  I(eplaCe.SCreen ?.iJt(trs 

It' Fin.? sr:rccn a i c  
FilLe:,~ become c l o & ~ e d  
rema.ic wi th  s poinfed 
tool. Cut* ~ l r i l n i l l g  CT 
yeplaccment.  

NOTE: ~n acct,:Aulatior~ :or d'.r.: at : 3e  :lop-,?? r ~ o z r l r  may caoae a ze r a  shii'l.. 

1. Unscrex nazzle ?:I:. 

S!c;:zlu . U0 nut lel 3012erf?,l 

0-:'itle cor.rl2ctiol 
with tw:st trlg 1113- 

:ion. no no: bezd 

C1.n nozc?c with  0 . 7 6  rrm (U.O.30 i l l )  d i -  
i~e'.%l- Y . ; P P ,  COnpreRs~d air, or s u i r z b l e  
s c i u r n i .  Yipc t o p  o r  Plopper c l e a n .  

a thin film uf Vanclir:? 
o r  s i m i l a r  l u b r i c a n t  t o  

J" 
0-ring. Replace nozz ic  

(, afi~cmbly i n  r cve r s e  
u rde r .  Check ze ro  ad- 
justment; See . rnntrue-  
t ior ,  biI 22-&70. , 

To Replace R e 1 3  -.- T_o.,Clean Rcs L c c z  

Hem,vc ~ h c  two l x r ~ c  ocreus 
on3 pry o f f  r e l a y .  A ens- 
Ikc: iz Y,AFP:TC~ w i t h  CnCh 
rcplnstmenl  rclay. 1809 
s n r v i c i n g  d r t a r l s ,  $e r  
Inscructinn M1 11-1193. 

Ii3": E, plugzed r'?sirict:lr w i l l  ca!r:;c 13i: 
0 .  pl"5sUI'C. 

1. Ilr!screv ~ ' e f t r i c t o r  ?r.cm 
t.op o r  r- lay base .  

2 .  Clean w:th 0.005 i n  
diameLcr wi re  
( l a - t  0042527) .  

3 .  Dcforr 9cins:el i i n a ,  a F i l ?  
a c h i n  I'ilm o r  Va:~c.iinc G:. 
s i m i i o :  matr:.ial Z O  t>-r'ir:.i  : 

,-- ._ 

NOTE: On e a r l i e r  mGdcll 
Pe:.Crir:I.o:. war Located 
cit!le:' u;7?fcrs rsi xy or On 
srCe o? r6:lny baac. 
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1. UlSeOnKCCt. tl'%r.3!:iictQ: YIp:rI;. Fien~clve 
: l :  b o l t 3  ?:.L: c sr--.- L..-c:-:e:' o f f  
ta:5*. 

3.  P\$w~ve :iuts and was:!ars hol3i : ig  ogber 
I ' i n E  t[r I l a n ~ , ~ .  Uo 30% 1 3 ~ e  9r.?.ce:1 in 
boi t holce.  

NOTE: VlLh h C e i  ; ;?E i.::r.jnsrnir~.:- 
witij extcndcd dlani::';is), r i r . 5  is 
pxr r  3' CJPSYIC a ~ ? c a b l y ;  Ccu r i n h t  
i l l*~:;t?al. ion belnw. 

4 .  'nsrr: !/'l .:n box-k:y h'rench inbo bat- 
t n n l  uper!i.nl: ar.4 i o . 3~ -n  : ' lexdrt  lrrc~iu: 
!844 b U t t 6 ~  il lu=t??.t:nn).  

Rex-Key Wrench 

5. Ca-cful i y  c a se  capzu?o aosaeSlp out  U ?  
tFnnsmit tcr .  bady w:ttruu: t*is t ' ing 
nasem5ly .  

I n spvc t  g a s k e t s .  I: :;ur:ace is not 
p e r i ' e c t l y  smooth, xva lacc  cask-:. 

6. R c l n s t a l l  part:; i n  ."c.,.ers~ o r d e r  of  
d i e a s se sb l  y. 

Use CL-n when irtae:'tir,s f lexu-c oc to  
rorce  h a r  t:, avoid  demseing t i u x c r e .  
P o p i t l c n  di.aah:.a~?. capscie s.9 t h a t  ir.- 
& X  marks on body and on ~lar73111e a r e  i n  
line. 

(WiLh Node1 IJPE;  ~?Lo:- II.XU15C : E  PO- 
:ii:ioncJ or. f'crch t a r ,  l oo se ly  Li.Thtcr: 
nuts rcmoved i n  Stcp 3,  Li,qktcr: r i x t u r e  
locknut ,  and t hen  f i n i s n  t iRhLenSne 
nu..r. ) 

7. Make f l n x u r e  IoCkt-.U'. adju~c.m*2nt 
( p ~ u t  Z)(excCpt Modni 13F51, ehccK 
S t Z k i C  sl.i,plne!lL !pace '0, end Lhen 
t:alibr'fitc t r f i n se i tLe r  !Page 3 ) .  

NO'S 
r?n to:!';~lum and Hns t e l l oy  C-275 con- 
a t r c r t i o n ,  p t f e  gaskei should  s e a t  on 
115" >*.,re1 cn edge o r  c apcu l c .  Do no: 
s i r ~ t c l :  3 t . f ' ~  e a s k e t  a v e r  s i d e  of ca;- 
s s l r .  To if iscall ,  Ln:;e?t one Easket 
: ~ t j  tady and one ic:o r i n n .  iW~t,h 
extenbcd Ciap!lragl models, riny, :~nd 
cxter.s:m arc va-t  o r  diopt>raem 
h a s ~ m c l y .  Scal is maintained by O - ? : n ~  
cn n ~ a t i n s  s u r f a c e  of r i n g . )  

;nrlex ~ u r k s  J D  Doth 
8 s i d e 3  fT d i a ~ h r a g s  

capsu le  : e x c e p t  
Model 1355).  

Washers go Dw l ow 
f l e z u r e .  

F l ~ x u r e  Locknut 
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., t piaduct Specificat iotis l. 'a.. PSS 2B.l D2 A 
S # - -p- -.- 

3 
. . . . .  . . .( .I: 

. . .  . . 

- .  

. . 

. , . .  . . . . 

, 

15F; 13F, AND 18FE 
" .  

. \ 

.,PjtjEUr\10AJIiC &!!~iln!D LE.VEb OR DENSITY 
l ' 

{a: FLAMGED drm 0 1 f '~:',;.! W -- : d TRANSMITTERS 
,' ! ' These tranmitters provj@ pr,-r:s- .... - , : . . :q l i ? .>V i t !  !he level ur rknsi ly of ~idIIaliy any liquid 

inopen or closed t z n k ~ '  I:.' 1 - , . L  r . : ' :rl?rd ?n~umatlc ;,gr.;tl ro 'o:.elvers that may be i.* \ 
up to several hund?>:+; . ~ , : , '- ;.N. ., *.. . ... .~ . -. . - -+ 

-, ;. - . ,- y .. l 
.W PROVEN DEPEKbkl ..: . .d 

Foiboro pneumatic '?l . . p: d v!:th e varo;er rsnqe ad- c , , 
, , . ,  the sam- :op.%orks a: c:' . . , , w:; *!iv iO iPloet 0.10 01 2f'l 

, . , G . . . .  Transrnitrerr. . S  Fe= :, . .  : " I  t * . , r a c S : , ,  l , P ! ? J Y ~ l  . . . ~ .  , . . . . . . .  . . . . . . . .  of [he process ??X /.l :.I ? L .  . , , I  - '  men1 ever since Fox:--' , . \ " 

asc. Many Ihousrr? - 
have demcnsrra!r" ' . . 
'outstanding !calls: , , . I. . . 

i . ~. . . . S .  . , 
; . 

. , ,  > _ L  ,. , - .@, ; Id?, . r b L a ; : , ~ ; ~ g i i .  * i :,t. . ( I  ' 

.l' 
. . c~i?~:i,~,,d Td;.- 

' ! iJ1888byn:'+Fc.  .::. r , . .  

', . A 
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- -  - 
Position Output Signal 23io lVdkPa.3:o 15psi.or0.216 l Obar 

15FTransmitler Mus; be mounted wilh Ihe capsulcin 01 kglcrn2.3~ SpEcifleO. 
lhe verllcal plane. Air Consumption ~ ~ n d e r  Normal Operation 0.42 rn3lh 
131' an:! 13FE Transmitters May be rnounlaJ in any (C 25 clm) i.! s!aixisfd c5ndilions. 
OI loniailcn 

Process Connect;ons TheooJy. or low.~rersure slde. IS 
A i r  Conr.?+IionS The supply and oulpul connecllcns are :aop.$d i o ~  112 idPT. P 1'4 NPT reducer is Included w ~ t h  
!fic,xd ( c ,  1!4 NPT c2r:o;i see!  bcd:cs. 3e!er ifi "hnODELCODES" lor liange 

txarnn!cs of Zero Elevation and Zero Suppression 

MP xlr,luG 
LEVEL 

.- 
IdINIMUM 
LEVEL 

-YP!CbLRANGE FOR 13F C? 13FETRANSI.IITIER 

.- 5 TO $2 B I,lETPES HEAD OF V!hTER 
- JO TO +l00 INCHES HEAD OFVd4TER 

ZERO ELEVATION 

TYFl,;i.L l i 4 N G i  FOR 13F OR 13FETRANSMITTEH: 

0.51 10 5.1 METRES HEAD OF WATER 
25 i 3  2-33 INCHES HEAD OF WATER 

ZERO SUPPRESSISN 

PERFORFnANCE SPECIFICATIOI'4S 
(Crder Pr'kv?-ct "re.?' 3 for  .'l Dr; Unless Giherwse Spec fled) 

. Accuracy (Includes l.r.eality, h: .s 'p '+=,  
.. ..--. . t .  

; abiliiv) 
15FTransmitter :S 5 ' :  -. 
13F and 13FETrs.tumittci': 

Spans betweon 0 S1 7 .ri l ?  ' , i t  , c  

Head of Vfater + .i '. -, 
Spans between i :  .- , L , I I  ' , I t  

Headof WPte: 

Repealability D l '' .~ 
Hy resis 

15F TransmiliEr ,' 

hcadol wale . ;  - . 
13Fand 13FETrons~.? . 
L . l% oi span I*' :'< 

wh~chevcr ;r ,, 
6.3 m (2q an6 ; 

I _.l 
0.1 % of spa 
and 850 ,n) 

"... Dead Band i 

ReproduciRillt; :' :;!"?er. e::actno! "st~resis, repeata- 
-:,v :I ',,er t are t ~ ~ ~ r p e r : o o ~ O  15% 

,> :'3' 

Pasition :: ~ , . t  : P  - ;h ' ' 5  cnLsed uy !r.~unling paslt~on 
. n j y  - C  p : ;J :.,' lFv T*IO adjr,slrnen! ssrcw 

:,,p?! l! F:[ - , .,+.-: * - -  TP;O:TIITI IC'C ;hlfl /S - , 1.- r - , :+.:qe l" 

" ' : d ! i S  
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DifA5h'SIONS-NOMINAL 

L ~ a : . ~  . 5 0 w n ,  14.0 ,14 
C L E I , R ~ \ ~ ~ : ~  FUR 
c 3 v t R  RE ' iOVLL  

P , E U I ~ P . T ~ C  C O N : J L C ~ . O ~ ~  -- 
TAPPED FOH l / &  P:?' 

CO " \  - l I l 
I.' 

b 

i . . 

DPAii\ - 
PLUGS 
I IqNPT  -- \, 

' 
l - - : t * < ~  i 

t . . & l S ,  t:b:S150 C R l b O m m . ' b B " R . ~ I N  4i.ID65 
FL.,I.ICE. SOLI  4OLPS ' j l ' 4AOCLE C E S T E R  LIKES 

1SFTRANSMITTEH 

ALLOW CLEARANCE. -- i' 

150 mm 16 ?"l 
FOR ZERO AD.UJ" . - 

CONNECTIOP. T A ~ ~ L .  '4 
I 0  NPT l17 X 114 hi. ' 
OUSIIING SUr 
CARBON 5 
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--p ....*...- " ,.,- ---- 
= Pr:eun:alic ulp Cell T~ansrwlt?: .;;- r ~;i.s?--r,a~ : ,.,I A,q* t., -.-v! -- --- . . ~. ~~ 

Body and Flange tAnceri3 
.4 = 316 SS 

M1 = c j  

I C a 7 i . l ~  Cone ant! Sn?. .. 
-h4 = C.5; ana63mIZf;?.,J i ' .  ";.. A > ,  ..-J' 

Body 3 r O  cl?!?^= ,!:::e1,i;, ard i ;o~r~ tc l~on  2 L.-. . 
K23D = cs; 8C mm, 42 83 .;,N 2r.d BS 
S330 = 316 ss; dG m,-, 43  !%I., 0:N an2 BS 
K31A = cc. 3 in AR31 C'as; - 53 
K33A = cs; 3 ,-. LNSI C ds; 3CO 
S31P = 31.5;s; 3 in AhS!Cl?ss 453 
S3SA = 376ss, 3 in LI \ 'S !C,JS~ 33fi 

13FE = Pn~umatlc dlpCell 'i.;i-cln~lfer w'ib Flange and Ca~sule Extcns,on-Medidrn an0 Hlgrl Ranqd -- -- .-- ~ -- - 
Bod'/asd F : . ~ Z L  " !!c< , - 

k = 3 1 6 s ~  
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~ 

pqy~'C1; I  .:r,':, :'C\TI?>l * 
'- 

Process.!Y '1:ed Parts Materials . , ,.,:, ,, c,. ' . . ,...is... 
. .  . .  

, L .  
. , , _ . .  . Hi(;h.Pl.ssure Side cwbrrr. 

Capsule Diaphragm hlSl F;>,- -" ., . . ;- ,- .." C".!" b 

steel (316L ss] , , . ,  
,:,.., 

OtherCapsuleParts 4151 T.,p 1 ' '1 '  I . ) ,  'f ' '::.~,,T!:A. 
(318 ss) . :- . _ ,  . , + , , 
Capsule Gasket 316 ss (non: -. , ' ., , , I '  ' :' S ., . , Retaining Ring (Raised F a r  ' : ,. - 
316 ss !,. ?13&l  l',"!. . . 

, 2;: p ,;L .,,' ' . .. 1:; v, ,t4 ., .; 423 ' ,' , 
I 

, , .,. 
Low.Pressirre S i d ~  ., ., .,, 1 '  

Body Cadrnium~plalecl L.:,. . , , 
I .  1 G I 

1 ,  , , 3 ,  L :  : . , , l . , . . .... S 
31Gss, as specified by !;, j*.., ' ' . . . . . .  . ; : , +I ,tr<c,; I ;; ? " ~, p, 

Capsule Diaphragm 3 1, ; 
. . 7 * . , ,  ' , i . . . , (  . .:. S - CapsuleGasket 1 5 F ~  . ~k L T  --. 3 r z  :.is: 

L. 

, , 4 ,  . . t  4 , .  , ,  'a . 
Force Bar 3 ; 6 ~ s  , . .. : ,  
Force Bar Ulaphragr;. l:.j.l - 2 ,  -: ' - - ?  

I I ./ . ioy. Eeler to TI 037.07t 7:d" ;J:". 7 , '  i I : , -  , , . . . . 
\ion regarding the un:vnr~.;l  co.rts ':, 1 8 ~  .~ l .  r!;7c 
perlies of the  5.lendart c:, ;at . : . . I ':-, '; . ' r: I ,  - ; 

sensor diaphlagm rnc:,;r. 
Force BarGasket S I-ohes.asl's .,c , , , 

Capsule Extension ('?FE 311 !' L ' i  .;. . .. . . , ' .  ~;.I.I . i4!- 
. ., . . .  . c . .  . . - . . ,C;-\ -.aoo. . ' g ? ~  
!10~..3 L-.l< . ! l # . l ,  

! .-k-., 
L 

XOD5L CODES 

-. - - . - ~ -  L/ 

r . r F  ; , , X , .  ?.P rc! l . i r ins~t+ta, ~:.tp, F~an~~-Lo*'R.!ngr: ~- 
- ---- 

I i,: j T ' > - "  

b .  .- .., 
.J 

a ,  , , .  ' ,  --7 
I l I 



ee2 ," .1D2  A 

2.- -.&r~--=-.--.rrc+ --;. . 
EASY TO INSTALL F~uStt .hh'DWf CNI:gT, D;L+F.'i jcl\,GY$qS 

i he  lransrnitiers are easy 10 handle ard ' * J  111 :-I Thct Bewu;t-: ohe itar.~mi:+e-~ :.*c CIGFP coupled \ v  in2 ?:h.' 

are ;nounred directly l0 a matln? fld5ge c', +*-;,- I:.$ a:td ~ G S C ,  ;b+ic at? 29 :?>Sl'ly \ir.€S 10 bGcOnlJ $'.G!&' 7' 

requlre no other suppo;:. . ioi::ed TTIG t i 5 t ' ~ ;  1r .c~:  ~rtir::?~tte.s 10 bc ~ 1 ~ 3  OI~IC- 
. . t!v$ly h ..,.;!. -:c-!tw. I:.;,, ds?.7alt a i d  clhnr s t lck~,v~s-  

WIDE CHOICE OF MATERIALS . *GOI~J,,C: ? * . I . .  @r..u~l~.!o-rneas~re u:oceiSC=. 

Only the capsule diaphi;gm, ri.,.-c ' A  

flange, and capsule r jas~ct ?'ewe.' 
!~iyl~.plebouia side. A wdc va**c;: 
av;rilab!e to meei the need: 91 Yrti' 

STURDY CONSTRUC'I'IC . , 

The lorged, ilnilorrnly s' i ,,$e:; 
suros lreedom from ne'. ~ e " 4 .  . 
lernal stresses. 

? 
I 
j 

Influence . . 
Amblent Temper?' 

. - . . - . - . . ..- - . . , 
Process Temper. , 

With DIN Fidnr 0 ih!.,tA~.,r c g!': 
8 

wilh ANSl Fias-: " 9 . ; ; 7 . ,  >If, 

..-- . . - - - . .  , 

Relative H U I ~ I J I ~ ;  . . ~. 
Supply P r e ~ s ~ .  e 

-- - ~ - 

;pan and Range L:,,;'' 

cc, p::. 
and 
13FE 

tslNon.zerr t ' -  

snd lcwer : 
lo1NeQ;ltlve i. 

Static Pres'; ! . 
of flange. 

Overrange !: 

Elevallon - t .  
be adjus'E ' 

screw "- ' 
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