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Thank you for choosing the Mitsubishi  MELSEC-A  Series  of  General  Purpose  Programmable 
Controllers.  Please read this manual carefully so that the equipment is - used to its optimum. 
A  copy  of  this manual should  be forwarded to the end User. 
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1. INTRODUCTION 

1. INTRODUCTION 

This  manual gives specifications, handling, programming proce- 
dures, etc. for  the A616TD temperature-digital  converter  module 
for use with  the MELSEC-A series CPU module. 

The A616TD is connected to AGOMXT insulated  multiplex  modules 
(hereinafter  referred to as  AGOMXT) to convert  the  input values 
from temperature sensors (thermocouples)  into BIN temperature 
values with a 16-bit  sign  or BIN digital values (12 data bits) with a 
16-bit sign. 
Non-temperature sensors can be connected to  the A616TD either 
directly  or via AGOMX non-isolated  modules  (hereinafter  referred 
to as  AGOMX) and/or A6OMXR isolated  multiples  module(hereinaf- 
ter  referred to a AGOMXR). The analog  inputs from  the sensors are 
converted to BIN (12data bits)  digital values with a 16-bit sign. 

A616TD,  AGOMXT,  AGOMX and AGOMXR modules can be  con- 
nected in combinations, as shown in the  table below, depending 
on  the sensors connected and  the range of analog input values. 
Hereafter, AGOMX is used to denote any type of AGOMX module, 
for example: AGOMXT,  AGOMX,  AGOMXR. 

Module  combination 

Up to 105 temperature sensors can 
be connected. 
U p  to 0 external sensors can be 
connected. 

A018TD 

INPUT 7 

0 to 1ov T 0 to 1ov ’1 
External sensor Temperature sensor Temperature sensor 

(thermocouple)  (thermocouple) 

Fig. 1.1  A616TDi-AGOMXT  Combination 

Up to 7 modules  

MX CH.0 

I 

MX CH.F 4 

- Up to 90 tempmature sensors can 
be connected 

* U p  to 104 external sansnrs can be 
mnnected  (or 24 when 90 tempera- 
ture sensors are connected) 

-10 to 10v. 
-20 to ZOmA 

h 
External sensor Temperature sensor 

ithermocouplel 
External sensor 

Fig. 1.2 A616TD+A6OMXT+A6OMX(A60MXR) Combination 



1. INTRODUCTION 

r Uo  to 7 modules 

INPUT 7 to 

OUT 

7 MX. CH.0 

J A  Up  to 120 temperature  sensors can 
be connected. -10 to 1ov. 

-20 to  20mA 
External  sensor  External  sensor  External  sensor 

Fig. 1.3 A616TD+AWMX(A6OMXR)  Combination 

- U p   t o  8 external  sensors  can be 
connected. 

0 to  1ov 4 
External  sensor 

A 

Fig.  1.3  A616TD  Stand-Alone  Operation 

1.1 Features 

(1) A maximum  of seven AGOMX modules can be connected to 
A616TD channels 0 to 7. Up  to 105 temperature sensors 
(thermocouples) can be connected if  all seven of  the  modules 
are of  the AGOMXT type. Alternatively, if all  of  the  modules are 
of  the AGOMX and/or AGOMXR type,  a total  of  up  to 120 
external sensors can be connected. 

(2) A total  of 420 temperature sensors can be connected if 
A616TD-A60MXT combinations are installed in all 64  slots 
available with the  maximum  configuration  of a single-CPU 
stand-alone system. Using A616TD-A60MX or AGOMXR com- 
binations, up  to 960 external sensors  can be connected. 

(3) The AGOMXT permits  the connection of thermocouples  meet- 
ing  four  different Japanese and overseas standards: JIS, 
ANSI,  DIN and BS. 

(4) The thermoresistor (PT100) connected to channel 0 of  the 
AGOMXT automatically carries out  cold-junction compensa- 
tion. 

(5) Wiring  discontinuity detection  settings  and  error compensa- 
tion can be enabled for each AGOMXT channel. 
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The following abbreviations  are  used  for  various  types  of  CPU  in . this  User's Manual. 

(1) Sequencer  CPU 

A1  (E)CPU(P21/R21), A1 NCPU(P21/R21), 
A2(E)CPU(P21/R21),  A2NCPU(P21/R21) 
A3(E)CPU(P21/R21),  A3NCPU(P21/R21),  A3HCPU(P21/R21) 
AOJ2CPU(P23/R23) 

(2) Building-block type CPU 

(3) Compact-type  CPU 







2. SYSTEM CONFIGURATION 

2.2 Notes on Use of A616TD  in System 

The  A616TD  can  be  used with  the  following CPU modules: 

Applicable  models 
AOJ2CPU 
A1 NCPU  A1  (E)CPU 
A2NCPU  A2(E)CPU 
A3NCPU  A3(E)CPU 
A3HCPU 

The  A616TD may be loaded onto any slot of the base unit  with  the 
following precautions: 

(1) The power  supply  capacity  will be  exceeded if  the A616TD is 
loaded into an A5[I]  type extension base unit, as this  type of 
base unit contains no  power  supply. 
Therefore, if the A616TD is  to be  loaded  into an extension base 
unit, the  extension base unit  must  be  of  the A6[11 type  which 
incorporates a built-in  power supply. 

(2) The  A616TD cannot  be  used on  the last slot of the  seventh 
extension stage in an  A3CPU(P21/R21) system. 

(3) The  A616TD may  be  loaded  onto  the  master  station  or a local 
or a remote I/O station  in a MELSECNET data link  system. 

Applicable  models 

(Master  station) 
A1  NCPUP21/R21  A1  (E)CPUP21/R21 
A2NCPUP21/R21  A2(E)CPUP21/R21 
A3NCPUP21/R21  A3(E)CPUP21/R21 
A3HCPUP21/R21 

(Local station) 
AOJ2CPUP23/R23 
A1 NCPUP2UR21  Al(E)CPUP21/R21 
A2NCPUP21/R21  A2(E)CPUP21/R21 
A3NCPUP21/R21  A3(E)CPUP21/R21 
A3HCPUP21/R21 

(Remote I/O station) 
AJ72P25/R25 

The A616TD  cannot be used on the AOJ2P251R25 (remote 
I/O station) 

2-3 
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2. SYSTEM CONFIGURATION 

2.3 Notes on Configuring a System 
(1) Do not feed the  input/output  module  into  either  of  the  pairs  of 

slots to the  left  and right of the AGOMXT. 
If the  input/output  module is loaded into these slots, the  noise 
it generates may  prevent stable temperature measurements. 

&-Do not  load  the  input/output 
module  into these slots. 

(2) UP to seven modules  may be loaded  by  connecting the OUT 
terminal  of  the AGOMX[II with any of  the A616TD  INPUT 
channels 0 to 7. 
The AGOMX[:! cannot be used independently. 

(3) External sensors cannot be connected directly to any  of  the 
eight A616TD  INPUT channels 0 to 7. 

(4) A special extension cable, ACOl MX, is  required to connect the 
A616TD to an A6OMX::I module. 
A special extension cable,  AC12MX, is required  to connect the 
A616TD to another base unit.  Only an  AGOMX[:I module  may 
be loaded  between an  A616TD and another AGOMX[:! module, 
or between two AGOMX[II modules  on any one base unit. 
Always  load  the A616TD to  the left of an A6OMX::I module. 

( 5 )  The  A616TD N D  conversion characteristics fixed  to convert an 
analog input of 0 to 1OV to the range 0 to 4000 or -2000 to 
2000. These ranges cannot be changed  by  the user. 
An A6OMX or AGOMXR module  must be loaded if connecting 
external sensors producing an analog input outside the range 
0 to 10 v. 

(6) AGOMXT channels are isolated from each other  by means of 
mercury-plunger relays. Channels for  which  discontinuity 
detection  is selected become non-isolated and are connected 
by means of the  discontinuity  detection  circuit (resistance 20 
M R). 

(7) The AGOMXT and A6OMX are not  isolated  between channels 
but 1MR resistor isolation  minimizes  influence  between  the 
channels. 

(8 )  Discontinuity  detection  may  not be enabled for channels to 
which  tip-grounded  thermocouples are connected. 

(9) The sampling  period is set automatically  according to the 
number of channels for  which  conversion is enabled. The 
sampling  period  cannot be specified  by  the user. 

(10) The A616TD may  only be loaded to  the  first  four slots  of  the 
extension base unit used with  the AOJ2CPU. 

(1 1) The life  of  the AGOMXT channel-selector mercury-plunger 
relays is 900 million cycles. In order to increase the  number  of 
years of service life  of  the relays, increase the  sampling 
period  by  enabling  conversion  for all channels. 

2-4 
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2. SYSTEM CONFIGURATION 

2.4 Module Connection 

The  configuration  of  the  connection  of AGOMXT,  AGOMX or 
AGOMXR modules  to  the  A616TD  are  shown  in  the diagram below. 

J-’- 

7 rF- 

Max. 7 modules 

CONNECT NO o( 
OFFSET 

@ 

Channels allowed 
to connect the 
AGOMWAGOMXR: Extension cable 

I ,  

pJ to External  Temperature sensor 
sensor (thermocouple) 

M I I  

External 
sensor 

2-5 



3. SPECIFICATIONS 

3. SPECIFICATIONS 

3.1 General Specifications 

Table 3.1 shows the  common specifications  of  various  units used. 

Item 

Operating  ambient 
temperature 

~~~~ 

Specifications 

0 to 5 5 t  

Storage  ambient 
temperature -20 to 75’C 

Operating  ambient 
humidity 10 to 90%RH, non-condensing 

Storage  ambient 
humidity 10 to 90%RH, non-condensing 

Vibration  resistance 

Shock resistance 

Noise  durability 

Frequency Sweep Count Amplitude Acceleration 

Conforms  to *JlS C 0911  10 to 55Hz - 0.075mm 10 times 

55 to 150Hz l g  - ‘(1 octavdminute) 

Conforms to JIS C 0912 ( log X 3 times in 3 directions) 

By noise  simulator  of 15OOVpp noise  voltage, 
1 p s noise width and 25 to 60Hz noise  frequency 

~~ ~ ~ 

Dielectric  withstand 
5OOV  AC for  1  minute across DC external  terminals  and  ground voltage 
1500V  AC for  1  minute across AC external  terminals  and  ground 

Insulation  resistance 5MQ  or larger  by 500V DC insulation  resistance  tester across 
AC external  terminals  and  ground 

I 

Grounding Class 3 grounding;  grounding is not  required  when it is impossible. 

Operating  ambience Free of  corrosive gases.  Dust should be minimal. 

Cooling  method  Self-cooling 

Table 3.1 General  Specifications 

One octave  marked * indicates  a  change from  the  initial frequency to double  or 
half  frequency. For example,  any  of the changes from 10Hz to 20H2, from 20Hz to 
40Hz, from 40Hz to 20H2, and 20Hz to 10Hz  are referred to as one  octave. 

*JIS: Japanese  Industrial  Standard 



3. SPECIFICATIONS 

3.2 Performance Specifications 

The performance  specifications  of  the AGlGTD,  AGOMXT,  AGOMX 
and AGOMXR modules are listed  below. 

3.2.1 Performance of the A616TD and AGOMXT combination 

The performance  specifications of the A616TD and AGOMXT 

Item 
rernperature  sensor  input (% 

output 
Temperature 
output values 

Acceptable thermocouple: 

+1 
Measurement 

temperature  range 
accuracy 

combination are listed  in  the  table  below. 

Specifications 
-200 to 1800 

Binary digital values (0 to 4000) with a 16-bit  sign (12 data bits). 

Binary digital values with a 16-bit  sign 
(-2000 to 18000 : value to  the first  decimal place X IO) 

Type or code --1 

DIN 

Bs - Cu , Fe , NiCr,  NiCr PtRhlO PtRhl3 PtRh30 

- Cu Fe - - 
-Ni -Pt 

- NiCr PtRh - 
-CuNi -CuNi 

- PtRh6 -Pt Pt -NIAI -CUNI -CUNI -CUNI A 

F 
\ -Measurement  range  no. 

0 to 100 0 to 50 0 to 25 to 
12.5 range (mV) dard 

input voltage stan- 

\ 
4 3 2 1 

Bs -12.5 Permttted 

Measurement temperature r a w  I t 1  100 to 180 100 to 1800 1W t o  1800 100 to 1500 
RRh30 
?tRh6 f 0 . 5  - Accuracy 1 % )  

Temperature drift I t )  f0 .013 
- - 

I I I I 
RRhl3 

-R - Accuracy 1%) f 0 . 4  - - I Temperature drift It1 I I kO.011 I I I 
Measurement temperature range (t) 0 to 17M 0 to 1700 0 to 1700 0 to 1200 

RRhlO 
.R - Accurw (%I f 0 . 4  

*0.011 Temwratura drift i t l  
- - 

Measurement temperature range It) o to 13OC 0 to 1000 0 to 500 -200 to 250 
NiCr 
-NiAI f 0 . 5  k0.3 f0 .3   50 .4  Accurecy l%l 

Temperature drifl (tl f0.013 kO.01 50.01 fO.O1l 

Measurement temperature range it1 0 to low 0 to 600 0 to 300 -Mo to 150 

-CuNi 
NiCr Accuracy 1%) 

fO.011 kO.01 fO.01  50.011 Temperature drih It1 

f0 .4   k0 .3   k0 .3  f 0 . 4  

Mecwrwnent temperature range I t 1  0 to 12M 0 to 800 0 to 400 -Mo to 200 

CuNi 
Fe Accuracy (%I f 0 . 4  k0.3 

o to 4~ o to 400 0 to 400 -200 to 200 Meaummt temperature range It1 
fO.011 kO.O1 fO.O1 kO.011 Temperature drih I t )  

f 0 . 4   f 0 . 3  

c u  
CuNi Armw 1%) f 0 . 5  

f0.01 k0.013 Temperature drift (CI 

20.3 - - 

Massurement temperature range I t 1  0 to 900 0 to 800 0 to 400 -100 to 200 
~ 

- A c c u r q  1%) - f 0 . 3  f 0 . 5  f 0 . 3  

Temperature drift It1 

0 to 600 0 to 600 0 to 400 -100 to Mo M w n r m e n t  temperature range it) 

f0.013 fO.01 fO.O1 

- Accuray 1x1 
fO.011  fO.01 

f 0 . 4  f 0 . 3  - 
Tmpsmum drift ( t l  

- 

Section 
3.3.1 

Appen- 
dices 
1 to 3 

Section 
4.4 

f 

c, 

Table 3.2 Abl6TD and AWOMXT Combination  Performance List (Continue) 
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3. SPECIFICATIONS 

Item 
Values in table  above kO.5'C 

Rebmnce Specifications 
Section Overall accuracy (%) 

Cold-junction compensation 
temperature  range ('C) 

Max.  conversion speed 

(k0.5'C is the  cold-junction  compensation  accuracy) 3.3 

-20 to 80 (Thermoresistor PT100 connected) 

50 

Between input  terminals  and PC: Photocoupler  isolation 
Between  channels:  Non-isolated (1  M Q resistor  isolation) 

Section 
(mdchannel) 3.3.2 

A61  6TD 

Isolation Between input  terminals  and PC: Photocoupler  isolation 
Between  channels:  Mercury-plunger  relay  isolation A6OMXT Non-isolated  when  discontinuity  detection is selected 

(20M R resistor  isolation). 
No.  of  temperature sensor 

(points per A6OMXT) 
input  points 15 (Up  to  7 A6OMXT modules can  be connected to each  A616TD.) 

No.  of I/O 
points  occu- 

32 A616TD 

32 (Treated as empty  slots.  May be  set to 0 by I/O assignment.) Died (Doints) 
Connection  terminals %-point  terminal  block 

Applicable  wire size (mm2) - 0.75 to 2.0 (18 to  14AWG)  (applicable  tightening  torque: 7kg.crn  (6.061b.inch)) 
Applicable  solderless 

terminal V1.25-3  V1.25-YS3A  V2-S3V2-YS3A 

Internal  current 

0.8 A6OMXT 5V DC (A) 
consumption  at 

1 .o ~ 6 1 6 ~ ~  

A61  6TD 
950  (2.09) 
850 (1.87) 

Weight  g  (Ib) A60MXT 
Dimensions 37.5 (1.48) (W) X 250 (9.84) (H) X 131 (5.16) (Dl A61  6TD 
mm (inch) 75.5 (2.97) (W) X 250 (9.84) (H) X 131 (5.16) (Dl A6OMXT 

Table 3.2 A616TD and AGOMXT Combination  Performance List 

*1  The  measurement  ranges 2,  3, and  4 in  the table are specified for a 
terminal-block  (reference)  temperature  of 0".  If the  actual  terminal-block 
temperature,  measured  by  the  thermoresistor,  is  non-zero  the  measurement 
ranges are changed  according to  this  temperature difference as follows: 

Measurement  Upper  limit=measurement  range  upper limit  from table. 
range t Lower  limit=terminal-block  temperature. 

Example 
For a terminal-block  temperature  of 30'C and a JIS K type 
thermocouple,  measurement range 2 becomes 30'C to 500°C. 

*1 applies to the  temperature  measurement ranges. Refer to the 
standards listed in  the Appendices for  the actual thermocouple 
temperature ranges. 
An  out-of-range  signal  is output  if  the measurement ranges 
described above are exceeded. Accuracy cannot be guaranteed if 
the actual temperature range is exceeded. 

3-3 
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3. SPECIFICATIONS 

The performance  specifications of the A616TD, A6OMX and 
A6OMXR are listed in  the table  below. 

hem llafumw S p d c a t i o n s  
Voltage (VI 
Current  (mA) Section -20 to 0 to +20 DC 

Analog input 
-10 to 0 to +10 DC 

Binary digital values with a 16-bit sign 
(-48 to 4047 or -2048 to 2047: can be selected for each channel) Digital  output values 

3.4.1 

I/O characteristics 

Analog  input  range 
V o b o e  (VI I Current h A )  I Digital output values 

1 0 to +lo 0 to +20 
0 to +5 0 to +20 
+ l  to +5 +4 to +20 

I -10 to +10 I -20 to +20 I 
I -5 to t 5  I -20 to +20 I 

0 to 4Ooo 
-2000 to 2000 

Section 
3.4.1 

Overall accuracy (%) k0.6 (Full-scale accuracy) 
Section 

3.4.3 
Section Max. conversion speed 50 

(ms/channel) 3.4.2 
Max. abso- 

f 3 0  Current  (mA) lute  input 
f 1 5  Voltage (VI 

I A616TD I Between input  terminals and PC: Photocoupler isolation 
Between channels: Non-isolated  (1 M C2 resistor isolation) 

Isolation I A6OMX I Between input  terminals  and PC: Photocoupler isolation 
Between channels: Non-isolated  (1 M 0 resistor isolation) I -  I A6OMXR I Between input  terminals  and PC: Photocoupler isolation 

Between channels: Mercury-plunger relay isolation 
No. of analog input  points 

(points Der module) 
16 I -  

No. of I/O 

16 (Treated as  emDtv slots. May be  set to 0 bv I10 assianment.) A6OMXR pied  (Points) 
16 (Treated as empty slots. May be set to 0 by I10 assignment.) AGOMX points occu- 

32 A616TD 
- 

Connection terminals  38-point  terminal  block 
Applicable wire size  (mrn’) - 0.75 to 2.0 (18 to  14AWG)  (applicable  tightening  torque: 7kg.cm (6.061b.inch)) 

Applicable solderless 
terminal V1.25-3,  V1.25-YS3A,  V2-S3,  V2-YS3A I -  

Internal  current 

0.5  A6OMXR 5v DC (A) 
0.65 A6OMX  consumption  at 

A616TD 
~~~~ ~ ~~ ~ 

1 
- 

A6 1 6TD  850  (1.87) 
Weight g (Ib) 

37.5 (1.48) (W) X 250 (9.84) (H) X 131  (5.16) (D) A6 1 6TD 
600  (1.32) A6OMXR 
550  (1.21) A6OMX - 

Dimensions 

A60MXR mm (inch) 
’ A60MX 37.5  (1.48) (W) X 250 (9.84) (H) X 131  (5.16) (D) 

37.5  (1.48) (W) X 250 (9.84) (HI X 131  (5.16) (Dl 

- - 

Table 3.3 A616TD. AGOMX and AGOMXR Combination  Performance List 
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3. SPECIFICATIONS 

3.2.3 A616TD performance list 

The A616TD analog-input  characteristics are listed in Table 3.4. 
For items  not  listed  in  this table, refer to the  temperature-digital 
conversion  characteristics in Table 3.2. 

-4 

Item Specifications 
Analog  input  voltage  (V) 

(-48 to 4047 or -2048 to 2047:  can  be selected for each channel) 
Binary  digital  values  with a 16-bit  sign 
0 to 4-10  DC (Input  resistance: 1MR) 

Digital  output 

Max.  resolution  of 
I/O characteristics 

I I Analoa inDut range IV) I Max.  resolution I Digital  outnut  values 1 I I 0 to +10 I 2.5mV (1/4000) 
0 to 4000 I -2000 to 2000 I 

Overall accuracy (%) A616TD stand-alone  operation: k0.3 (Full-scale  accuracy) 
Max.  conversion speed 

(mdchannel) 
1  for stand-alone A616TD 

Wax. absolute input  voltage  (V) k 1 5  
Between  input  terminals  and PC: Photocoupler  isolation 
Between  channels:  Non-isolated (1 M R resistor  isolation) Isolation 

No. of  analog input  points 
(points per module) 

No.  of 110 points 
occupied (points) 

16 

32 
~ ~~~~~ 

Table 3.4 A616TD Performance List (for  analog  inputs) 



3. SPECIFICATIONS 

3.3 Temperature - Digital Conversion 
The temperatures detected by  the  temperature sensors (thermo- 
couples) are input to the A616TD input channels as a thermoelec- 
tromotive force. 
The  A6OMXT switches input channels once each sampling  period 
and amplifies  the  voltage  input to each channel from  its respective 
thermocouple  into  the  voltage range 0 to lOV, and sends this 
voltage to the A616TD. 
The  A616TD converts  the analog input  voltages to digital values. 
As the  relationship  between  the  thermoelectromotive  force and 
the  temperature  for  the  temperature sensors (thermocouples) 
sensors is non-linear, the  converted  digital values are linearized 
before  being  stored in buffer  memory. 

3.3.1 Conversion  characteristics 

(1)  Temperature  detection characteristics 
The A6OMXT amplifies  the  non-linear  outputs  of  the  tempera- 
ture sensors to  the 0 to 10 V range and sends these signals to 
the A616TD where  they are N D  converted, linearized and 
output as detected temperature values. 
An  example characteristic showing  the  relationship between 
the  temperature sensor input values and the detected temper- 
ature values is  shown in Fig. 3.1. 

I These cuwes show an example 

teristics measured under the fol- 
of temperature detection charac- 

lowing conditions. 
I 
I 

I 
I Thermocouple : JIS K type 

Measurement range : 3 
Terminal-blocktemperature : O ( t )  

I 
I 

0 
(oc) force - V 

Thermoelectromotive 24902[ u VI 
16001)) 

Fig. 3.1 Temperature  Detection Characteristics 

(2) Digital  output characteristics 
The temperatures representing digital  outputs  of 0 and 4000, 
respectively, are  set in the  buffer memory  by  the sequence 
program and are then used to output  the  appropriate  digital 
values corresponding to each detected temperature in the 
temperature  detection characteristic. An  example characteris- 
tic  showing  the  relationship between the detected tempera- 
ture values and digital  output values is  shown in Fig. 3.2. 

1 I 
I 
I 

4000 - - - - - - - - - - - - - - - - - - - - - - - - + / ;  issto be 0 at 04: and 4000 at 
For this  curve,  the  digital  output 

Fig. 3.2 Digital  Output Characteristic 

t 

i 

I 

L 

? * 
I 

il 
.A 

'\ 
a 
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3. SPECIFICATIONS 

- 3.3.2 Conversion  speed 

. 
- 

The conversion speed of an A616TD and AGOMXT combination  is 
50 milliseconds per channel. 
The sequential  conversion  method used, whereby the processing 
for one channel is  completed  before  processing  is  started for  the 
next channel, gives a total  sampling  period  of 50ms X the  number 
of channels sampled. However, the  sampling  period can be 
decreased using  the  method described below. 

Specify channel 0 of all AGOMXT modules connected to  the 
A616TD sequentially by (CONNECT NO.). After  the input voltage 
has stabilized, N D  conversion  is  carried out  for channel 0 of all 
AGOMXT modules, in sequence starting  from  the  module  with 
CONNECT  NO. 0. After N D  conversion  is  complete for channel 0 of 
all modules, the process is repeated for channel 1 of  the  modules 
in CONNECT  NO. sequence, and so on, until N D  conversion has 
been completed for all channels. 
This  method  brings large reductions in channel selection time and 
A/D conversion  time.  This  method  effectively  results in parallel 
processing carried out simultaneously for  the same channel 
number  of each AGOMXT module. 

(1)  Using  this  method,  the  sampling  period  is  determined  by 
multiplying  the  number of  conversion channels for  the  module 
with the  maximum  number  of conversion channels enabled by 
50 milliseconds. 
That is, 

Sampling  period = no. of conversion  channels  enabled X 50ms 

Example 9 channels are enabled for N D  
NO. ONO. 1NO. 2 
CNT.  CNT.  CNT. conversion for AGOMXT CON- 

I NECT NO. 0. 
z a  

2 0  
NECT  NO. 1. 6 E &X 

t; t; t2 na: 
8 channels are enabled for N D  

a -  

2 5  conversion for AGOMXT CON- 
Z Z E  k 0 

Q 8 8 8 5 channels are enabled for N D  
conversion for AGOMXT CON- 
NECT NO. 2. 

The module  with N D  conversion enabled for  the  highest 
number  of channels is the AGOMXT  CONNECT  NO. 0 module 
with  nine channels enabled. 
Sampling  period=50msX9=450ms 

below. 
(2) The processing timing  for  the example in (1) above is  shown 

50msec A: Channel  selection time 

B 8 :  Input voltage stabilization time 
C: PJD conversion time 

AGOMX 
ICNT.  NO. O) n n  

CH.0 CH.l CH.2 

ICNT.  NO. 1)  
A M M X  

CH.0  CH.l  CH.2 

(CNT. NO. 2) n n n  n n  
n n n  n n  

AGOMX 

CH.0  CH.1  CH.2 

Fig. 3.3 Processing Timing 
3-7 
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3. SPECIFICATIONS 

3.3.3 Life of the mercury-plunger relays 

3.3.4 Overall  accuracy 

The life  of  the A6OMXT mercury-plunger relays is 900 million 
cycles. The number  of years of service life of the relays decreases 
as the  sampling  period decreases. 
In  order to increase the  mercury-plunger relay service life, 
increase the  sampling  period  by  enabling  conversion  for all 
channels, including channels which are not  being used. 

/ 
Mercury-plunger  relay  life 900 mil- 
lion cycles - Operation time 

m =24hoursX365days=876hours E - % 8 -  Sampling  period=350ms 

.; 

Q = - 
s 6 -  

I , Service life 
=Sampling  period 

I Mercury-plunger  relay  life 
I x Operation time  (ms) 

.1/ I 
1 9x108 
I t=350X 8760X60X60X103 

I 
I .  =10 years 

OY I I I I 

100 200 300  350 400 500 

Sampling period (ms) 

Fig. 3.4 Service L ie  of the Mercury-Plunger Relays 

The full-scale accuracy of A616TD and AGOMXT combination lies 
within  the values shown in Table 3.2. However, the accuracy (& 
0.5"C) of  the  thermoresistor P t lOO,  has to be added over the  entire 
measurement temperature range. 

Example 

When measurement range 2 is selected while using a JIS K type 
thermocouple,  the detected temperatures  corresponding to 
temperatures  of O'C,  250'C and 5OO0C, respectively, lie  within the 
following ranges. 

Accuracy of  the A616TD and AGOMXT combination 

Overall accuracy upper limit value  incorporating  thermoresistor 
accuracy : 1.5+0.5=2"C 
Overall accuracy lower  limit value  incorporating  thermoresistor 
accuracy : -1.5-0.5=-2"C 

: 500XO.O03=~1.5"C (from Table 3.2) 

The detected temperature ranges at each sampling  temperature 
become as follows: 

0°C : -2°C to 2°C 

500°C:  498'C to 502°C 
Detected temperature ranges 250°C: 2°C to 250°C 

I' 

: 

I' 
c 
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3. SPECIFICATIONS 

3.3.5 Discontinuity detection function 
.. 

This  function  is  provided to detect electrical discontinuities in 
thermocouples and compensating leads connected to the 
A6OMXT. 
If a break occurs in a thermocouple lead or a compensating lead, 
as shown in Fig. 3.5, the A6OMXT internal  discontinuity  detection 
circuit  outputs a voltage to  the A616TD which  is  equivalent to an 
out-of-range detected temperature value. The A616TD detects the 
discontinuity  from  the out-of-range  voltage and stores the  value 
"1  " for  the appropriate channel in  the  discontinuity detection area 
of  the  buffer  memory and turns  on  the  discontinuity  error  signal. 
The discontinuity  detection  function can be enabled or disabled 
for each channel by  setting  the  discontinuity  detection  switches 
and buffer  memory  discontinuity  detection channels in buffer 
memory. 
(Refer to Sections 4.5 and 5.4.3 for details.) 

-. 

A61 6TD 
Discontinuity INPUT0 

A6OMXT 

+- 
CH. 1+. .  -- \ I  - -  

\ - 7 

Discontinuity 
L, \ I  

I \  * - i 
I I 
I I 
I 
I 

I 
I 
I 
I 
I 
I 

OUT+. - 
Y Y I I 

I I 
Module I I 

I 

connection  cable I Compensation  lead 1 Thermocouple 
- 1  - . 

Discontinuity  detection  range 

Fig. 3.5 Discontinuity Detection  Range 

3.3.6 Error compensation function 

This  function is provided to compensate for errors  between actual 
temperatures  and measured temperatures  arising from  differ- 
ences in thermocouple accuracy, compensation lead lengths and 
location  conditions  of  the  thermocouples. Considerable errors can 
arise between actual temperatures  and measured temperatures 
for each thermocouple. Therefore, the  error  compensation  func- 
tion  should always be used to eliminate  for these errors. Error 
compensation  is  carried out  by measuring a standard  tempera- 
tures, for example 0°C ice-water a 100'C boiling water at atmos- 
pheric pressure. The differences between the measured values 
and the actual temperatures are then  input as compensation 
values into  the buffer  memory. (Refer to Section 5.5 for details.) 



3. SPECIFICATIONS 

3.4 Analog/Digital Conversion 

Channels are switched once each sampling  period to sample the 
analog signals input  from external sensors to the AGOMXT, 
A6OMX and A6OMXR. The analog signals are converted to  digital 
signals and stored in the  buffer  memory. 

3.4.1 Conversion  characteristics 

(1) A616TD I/O characteristics 
The A616TD analog input range is  fixed  from 0 to +lOV. The 
I/O characteristics are shown  in Fig.  3.6. 

(2047) 
v1 (2000) 

1 - 
I I 
I I 

n 

(-2000) .. 0 - 0  
(-2048) --- - - -4 

0 5 10 

Analog input values (V) 

Fig. 3.6 A616TD I10 Characteristics 

1) The digital  output values can be selected from two output 
data formats: in the range -48 to 4047 or -2048 to 2047. 
The output data format can  be specified for each channel 
independently. (Refer to Section 6.2.1 (1)  for details.) 

2) The maximum resolution and overall accuracy values lie 
within the ranges shown in Table 3.4, when  the  input 
voltage  is in the 0 to 1OV range. 
However, the  maximum resolution  and  overall accuracy 
values may  not  lie within these ranges if the  input voltage 
exceeds the 0 to 1OV range. 
Use of  the sections of  the A616TD I/O characteristic curve 
shown as a broken  line in Fig.  3.6 should be avoided as the 
accuracy value may  not  comply  with  the table in these 
regions. 

3) If an analog input  is received which  would cause the  output 
value to exceed 4047 or -48 when  the  output data format 
with  the range -48 to 4047 is specified, the  output  is  held at 
4047 or -48, respectively. 
Similarly, if an analog input is received which  would cause 
the  output value to exceed 2047 or -2048 when  the  output 
data format with  the range -2048 to 2047 is specified, the 
output  is  held at  2047 or -2048, respectively. 

4) Do not  input a voltage exceeding k15V as this may 
damage  the  module. 

3-1 0 
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3. SPECIFICATIONS 

(2) AGOMX and AGOMXR I/O Characteristics 
Voltage input  or current input can be selected for each AGOMX 
and AGOMXR channel by means of the analog input select 
switch. The offset/gain setting  is  carried out  for blocks of 16 
channels. 
The I/O characteristics are preset by means of the analog input 
select switch and the  positions of the  offsevgain  setting pins. 
The characteristics when  the analog input select switch is set 
to voltage input are described in (1) below, and the character- 
istics  when  the  analog input select switch  is set to current 
input are described in (2). 

(a) Voltage input characteristics 
The characteristics when  the  analog  input select switch is 
set to the  voltage input  position are shown  below. 

ABOMX and ABOMXR Output  Vottage (V) Analog Input Range (V) 
-Gain Setting  Pin  Position 

S17 S18 
110 Characteristic 

0 to +lo 

@ in Fig. 3.7 3 1 -5 to +5 

@ in Fig. 3.7 3 4 -10 to +lo 

@ in Fig. 3.7 2 3 +1 to +5 0 to 10 

0 in Fig. 3.7 1 2 0 to +5 

@ in Fig. 3.7 1 * I *  

*Setting  before  shipmen 

Table 3.5 Analog  Input  Range  and O f f W G a i n  Setting Pin Position 

t 

7- 

5 -'lo -5 d 1 5 10 1 
Analog  input  voltage (V) 

Fig. 3.7 AWMX and AGOMXR I10 Characteristics  (for voltage  input) 



3. SPECIFICATIONS 

(b) Current input characteristics 
The characteristics when  the  analog  input select switch  is 
set to the  current input  position are shown  below. 

A W X  and  A60MXR Output Voltage (V) Analog  Input  Range (mA) 
-Gain Sating Pin  Position 

S17 
I/O Characteristic 

S18 

0 to +20 

2 3 +4 to +20 0 to 10 

0 in Fig. 3.8 1 2 0 to +20 

@ in Fig. 3.8 1 * I *  

@ in Fig. 3.8 3 1 -20 to +20 

@ in Fig. 3.8  3 4 -20 to +20 

@ in Fig. 3.8 

*Setting  before  shipment 

Table 3.6 Analog  Input  Range  and O f f W G a i n  Setting Pin Position 

1 1 I 1  I I 

-30 -20 -10 0 4 10 20 30 
Analog input  current (mA) 

Fig. 3.8 AGOMX and AGOMXR I10 Characteristics  (for current  input) 

3.4.2 Conversion speed 

The conversion speed when AGOMX and/or AGOMXR modules are 
connected to the A616TD is identical to when AGOMXT modules 
are connected. 
Refer to Section 3.3.2 for details of  the  conversion speed and 
processing timing. 

f 
1 

! 
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3. SPECIFICATIONS 

3.4.3 Overall Accuracy 

The graphs  given  below  indicate the overall accuracies (with 
respect to the  maximum value) of the A616TD, AGOMX and 
AGOMXR used individually and in combination. 
If the I/O characteristic is changed by  the OffseVGain setting pin, 
the  overall accuracy remains unchanged and is kept within  the 
range of the  performance specifications. 

-10 -5  

Analog  input  voltage (VI 
Fig. 3.9  A616TD  Overall Accuracy 

Analog  input  voltage (V) 
Fig. 3.10 AWMX/AWMXR Overall Accuracy 

Q, 
3 
m > 
- 
+- a n 
C a (0) - m 
0) 

-10 -5 
C .- .- n 

(-2000) - - - - - -- 0 
Analog  input  voltage (VI 

Fig. 3.11 Overall Accuracy when  A616TD is Used with  AGOMX/AWMXR 



3. SPECIFICATIONS 

3.5 Function  Block  Diagrams 

3.5.1 Function  block diagram of A616TD and A60MXT  combination 

I 

1 

I 

1 

Watch dog 

:n5 

L 

+5V  +15V 

I Interface with multiplex module I 1  

A6OMXT 

+5V  +15V 

GND  A.G 
c 

CONNECT 

5 z z 
8 

CH3 + - 
CH4 + - 
CH5 + - 
CH6 + - 
CH7 + - 
CHB + - 
CH9 + - 
CHA + - 
CHB + - 
CHC + - 
CHD + - 
CHE + - 
CHF + 
OUT 
- 

Address  latch 

MX CH.  address 

Interface with A616TD 

-- 

A.G : Analog  Ground 



3. SPECIFICATIONS 

3.5.2 AGOMX function block diagram 

INPUT + 

to 
0 -  

F 

A61 6TD 

I I  Analog I 

address I latch I 

- - 

A.G:  Analog  Ground 

3-1 5 
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3. SPECIFICATIONS 

3.5.3 AGOMXR function block diagram 

I 

, 
Isolation 
amplifier 

r - - - -  - -  
I A 

CONNECT 
NO. switch 

MX CH. 
address 

0 to  F 

2-R 
i 

1- Address 
latch 

MX CH. 
-k CHO 
- 
i- CH1 

7 

- 
+ CH2 
- 
i- CH3 
- 
i- CH4 
- 

i- CH5 
- 
+ CH6 
- 
-k CH7 
- 
+ CH8 
- 

-k CH9 
- 

i- CHA 
- 
-k CHB 
- 

-I- CHC 
- 
i- CHD 
- 
+ CHE 
- 
i- CHF 

I- 

A.G:  Analog  Ground 
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4. PRE-OPERATION SEll lNG AND PROCEDURES 

4. PRE-OPERATION SETTINGS AND PROCEDURES 

4.1 Pre-Operation Settings and Procedures 

Make the  following settings  before  carrying  out  temperature 
sensor input  into an  A616TD and A6OMXT combination. Refer to 
Chapter 6 for  the setting  procedure for analog  inputs. 

Start 
1 

Selecting  measurement  range I I 
...... to Section 4.4, 

measurement  range of the  type  of  thermocouples 

Discontinuity  detection 
required? 

YES 

Specifying  discontinuity  detection  channels I I 
I Turn  the  discontinuity  detection  switch ON for  the ...... to Section 4.5, 

channels for  which  discontinuity detection is re- I 
quired. I 

L 

Loading into base unit I 
Load the A616TD and AGOMXT into  the base unit. 

1 

I Connect  the  cables from  the A616TD to AGOMXT ,..... to Sections 4,6 and 4,7. 
and  connect  the  compensation  leads to  the I 
AGOMXT. 

I Set the AGOMXT  CONNECT NO. switch  to  the  input 
number  of  the A616TD module  which is connected I . . . . . e  (Refer to Section 4.3.2. 
to  the AGOMXT OUT terminal. 

I I 
4 

Program  storage I I 
...,.. ,Refer to Chapter 5. 

and  temperature  reading  program to the CPU 

Run 



4. PRE-OPERATION SElTlNGS AND PROCEDURES 

4.2 Handling Instructions 

Consider the  following  important  points when  handling an 
A616TD or A6OMXT module. 

The A61  6TD and A6OMXT  cases and  terminal  blocks are made 
of  plastic. Do not  drop  them  or  subject  them to impact  loads. 

Do not remove  printed  circuit  boards  from  the  housing. There 
are no  user-serviceable  parts  on  the boards. 

Ensure that  no  conductive  debris can enter  the  module.  If it 
does,  make sure that it is removed. Guard particularly  against 
wire offcuts. 

Tighten terminal screws as specified below: 

~ ~~~ 

Screw Tightening  Torque 
Range  kg-cm Ilb4nch) 

I/O terminal block terminal screws (M3) 5 (4.33) to 8 (6.93) 

I/O terminal block  installation screws (M4) 8 (6.93) to 14  (12.13) 

(5) To load  the  module  onto  the base, press the  module  against 
the base so that  the hook is securely locked. To unload  the 
module,  push  the catch on top of  the  module,  and  after  the 
hook  is  disengaged from the base, pull the  module  toward 
you. 

(6) Refer to the  diagram  below  when  removing  the  left  side  plate 
of  the  unit. 

0 Front 

t 

i 
f 

f- 

5 

c 
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4. PRE-OPERATION  SETTINGS AND PROCEDURES 

4.3 Nomenclature 

4.3.1 A616TD 

I- 

Description  and  settings  of A616TD parts. 

* 

marked 0 
AGOMXT. 

Name and  Appearance 

W N  LED( 

0 RUN 

LED display I 

m 

lhcription 
Indicates  the  operating  status of the A616TD. 
On:  Indicates  that  the A616TD is operating  without  fault. 
Flicker:  Indicates  that  disable area write error, INPUT switch  setting 

Off: Indicates 5V power-off,  watch  dog  timer  error  or A6OMXT) 
error, etc.  has occurred. See Section 7.1. 

AWMWAGOMXR module  fault. 

(1)  Digital  value  indication 
Indicates  the  digital  value of the channel  specified by the INPUl 

Indicates a digital  value as a  4-digit  decimal (in the  range -48 to 

The minus  indicator LED (0) is lit to indicate a negative  digital 

Updates  a  digital  value in 500ms increments. 

Indicates  the  detected  temperature  value  of the channel speci. 
fied  by  the  INPUT  switch (a) and MX CH. switch (0) when Y10 is 
ON. 
However,  a digital value  is  indicated i f  the  specified  channel is 
not  connected to an AGOMXT module. 
Detected  temperature  values are displayed  a  4-digit  decimals, 

If the  indicated  temperature  does  not exceed lOOO'C, e.g. 

switch (a) and  MX CH. switch (0) when Y10 is OFF. 

4095 or -2048 to  i-2047). 

value. 

(2) Detected  temperature  value  indication 

725.4.C. 

L T e m p e r a t u r e  is  indicated  to  one  decimal 
place. 

If the  indicated  temperature exceeds lOOO'C, e.@,  1208.5.C 

No decimal  places  are  indicated 
The  minus-sign LED (@)lights  to  indicate  a negative  value. 

If an error has occurred,  the  corresponding  error  code is 
(3) Error  number  indication 

displayed as shown  below: 

E l  
7 Error  code  is  indicated by the two least - significant  digits. 

4-3 
.. 



4. PRE-OPERATION SElllNG AND PROCEDURES 

fl Name and  Appearance 

0 

@ INPUT switch w 
@ 
INPUT 

0 MX CH. switch F 
MX CH. 

60 
@ I Extension  cable  connector I 

DescriDtion 

Lit to indicate  that  the  digital  value  is  negative. 
Example:  Digital  value -520. 

Used to specify  the  channel of which  the  digital  value  or  detected 
temperature  value is to be displayed on  the LED display. 

Use the  MX CH. switch (0) to specify  the  channel of the  module 

Setting  range: 0 to 7 
selected. 

Used to specify  the  channel of which  the  digital  value  or  detected 
temperature  value is to be displayed on the LED display. 

The LED display (0) indicates  the digital value  or  detected 
temperature  value of the  MX CH. switch-specified  channel of the 
module  selected  by  the INPUT switch. 
Setting  range: 0 to F 

For connecting the extension cable. 

I 

, 

4-4 



4. PRE-OPERATION SEITINGS AND PROCEDURES 

4.3.2 AGOMXT 

Description  and  settings of AGOMXT parts. 

Name  and  Appearance 

CONNECT NO. switch 1 
CONNECT  NO. 

Used to set the temperature measurement range. 

s1 

Discontinuity  detection  switch 

FG terminal  block I 

Extension  cable  connector 

Description 

AGOMXT  CONNECT  NO. setting  switch. 
Used to specify  to  which input  of  the A616TD the AGOMXT output is 

Setting  range: 0 to 7 
connected. 

Set the  measurement  range to  suit  to  the  temperature range to be 
measured  and  the  type  of  thermocouple used. 

Four  setting  ranges are available. Refer to Section 4.4 for  details. 
The temperature  range is set to "4" when  the  module is shipped 
from  the factory. 

Used to enable  the  discontinuity  detection  function  which detects 
electrical  discontinuity  in  thermocouples  or  compensation  leads. 

Enable  or  disable  the  discontinuity  detection  function for eacb 

Refer to Section 4.5 for  details  of  the  discontinuity  detectior 

The  discontinuity  detection  function is disabled for all channels 

channel. 

function. 

when  the  module is shipped from  the  factory. 

Connect the shields  of the compensation  leads to  this  terminal block. 

For connecting  the  extension  cable  of  the  adjacent  module  wher 
increasing  a  channel by  loading  the  other A60MXT/A60MX/AGOMXF 
next to  the AGOMXT. 
The  extension  cable  may be connected to either  of  the t w c  
connectors. 



4. PRE-OPERATION  SETTINGS AND PROCEDURES 

4.4 Setting the AGOMXT Measurement Range 

Start 

b 
Specifying  the  measurement  range  number 
Select the measurement 
range  number  according to 
the  temperature  range to be -- - 
measured  and the  type  of 
thermocouple used. (Refer 
to  the table.) 

ment range  number. I 
I 

1 I 
I 
I 

Settings  complete I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

Follow  the  procedure  below to set the measurement range to suit 
to  the temperature range to be measured and the  type  of 
thermocouple used. 
The measurement range is specified for a blocks of 15 channels; it 
cannot be specified for  individual channels. 

Temperature drift IT1 fO.O1  f0.013 

Tempmure mmuremant rmge I'C) 0 to gw 0 to Bw 0 to 400 -100 Io m0 - Fe. - - 
CuNi Accuracy I % )  f0.5 20.3 f0.3 - I 

Temperature drift I'C) fO.O1 fO.O1 f0.013 

Temprature measurement  range I'CI - l W  to Zm 0 to 400 0 to 600 0 to 600 

Accuracy I % )  ~- 

This  diagram shows the 
measurement range set to "4" 
when  the  module  is dispatched 
from  the factory. 

f 

i 

\ 
\ 

i 

J 

i 
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4. PRE-OPERATION SEl l lNGS AND PROCEDURES 

POINT I 
(1) A setting  error occurs  and the  following occur if the 

setting  pins are set to  any combination  other  than 1 t o  
4. 
(a) Modules  set  outside the measurement  range 1 t o  4 

: no processions 
Modules set within the measurement  range 1 t o  4 : 
processing  continues 

(b)  Error  number "04" is displayed on  the A616TD  LED 
display. 

(c) Error  code "04" is stored in the buffer  memory 
address 1". 

(d) The A616TD RUN LED flashes. Refer t o  Section 
5.12 for  the  method  of  resetting  this error. 



4. PRE-OPERATION SETTINGS AND PROCEDURES 

4.5 Setting  the Discontinuity Detection Channels 

The channels for  which  thermocouples  and  compensation leads 
with electrical  discontinuities are detected are specified with  the 
discontinuity  detection  switches  and  by  writing  the  channel 
numbers to buffer  memory. 
The procedure for setting  the  switches is described  below. 

Start 

t 
Enabling  discontinuity  detection I 
Set SW1 to the ON position  to - 
enable the  discontinuity  detec- 
tion  function. 

the  required  channels. I 
I 

ON : discontinuity 
detection 
enabled 

OFF : discontinuity 
detection 
disabled 

( Settings  complete ) 

I REMARKS I 

I 
-er MX. CH. 4 

MX. CH. 7 

MX. CH. B 

MX. CH. C 

MX. CH. F 

'Two  switches are provided per 
channel.  Both  switches  must be 
turned ON to specify  discontinuity 
detection  for the channel. 
Example: 
The  setting  below enables  discon- 
tinuity detection for channels  1 and 
3. 

v l c l  $ MX. CH. 1 

m- * MX. CH. 3 

The  switch 2 of  the  discontinuity  detection  enable  switch, SW1, is  unconnected 
and  may be  set to  the ON or OFF position. 

-._ I 
W._ Nc3 - Unconnected  switch 

U 
4-8 



4. PRE-OPERATION SEllINGS AND PROCEDURES 

4.6 Wiring Instructions 
\ 

It is an essential condition  for correct and reliable  operation of 
systems incorporating  the A616TD and A6OMXT modules  that 
wiring  must be resistant to noise effects. 
Note  the following precautions  when  connecting A616TD and 
A6OMXT wiring. 

(1) Use separate cables for AC control  circuit  wiring and A616TD 
or A6OMXT external  signal input  wiring  to  eliminate induced 
surges from  the  control  circuit  wiring. 

(2) External wiring  must be at least 10cm (4inches) away from 
main  circuit and/or AC control  circuit  wiring. 
To reduce noise and surge  induction effects, sufficiently 
separate external wiring  from  high-voltage  wiring and any 
circuit  that  includes harmonics, such as inverter  load main 
circuits. 

(3) Ground  the  shielding  of all wires  to a common  ground  point. 

4 



4. PRE-OPERATION  SETTINGS AND PROCEDURES 

4.7 Wiring Examples 

Wiring example for  thermocouple  input to A616TD and A6OMXT. 

Tip-grounded 

- 
'1 I 

I I 
I I 
I I 

Non-tip-grounded / 
thermocouple 

- 

Exte I I A\ '\ 
I 1  - *2 I I  

nsion cable 
/ 

"1: Use only  compensation leads. 
"2: Always  ground  the  compensation lead shields to  the FG 

"3: The FG terminals of  the  power  supply  module  must be 

*4: Always  connect  the A616TD FG terminal to the  power 

terminals. 

grounded. 

supply  module FG terminal. 

t 

4 

I 
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4. PRE-OPERATION  SETTINGS AND PROCEDURES 

Discontinuity detection may  not  be specified for channels 
to which tip-grounded thermocouples are connected, 
because the potential difference arising due to  the differ- 
ence in ground resistance between  the thermocouple and 
discontinuity detection circuit ground points causes a 
current which gives rise to flow errors. 



5. PROGRAMMING 

5.1 Programmable  Controller CPU I/O List 

The A616TD  uses 32 input and 32 output  points  for  communica- 
tion of data with  the PC  CPU. I/O signal  assignment and functions 
are as follows. 
Device X indicates an input signal from  the A616TD to the PC CPU 
and device Y an output  signal from  the PC CPU to  the A616TD. 
I/O numbers used in  this  manual assume that  the A616TD in 
located at slot 0 of  the  main base. 

I Signal  Direction : A616TD to PC CPU I Signal  Direction : PC CPU to A616TD 

~~ 1 
Device  no. 

x 0  

x 1  

x2  

x 3  

x 4  

x 5  

X6 
to 

x 1  c 

X1 D 
to 

X1 F 

Device  no. 

Watch-dog time  error (detected by 
A61  6TD) 

YO 
to 

N D  conversion ready 

Error flag V P  I L  

Discontinuity  error detected 

Digital  output value out-of-range 

Temperature output value out-of-range YD 

YF 
to 

Y10 
Not used 

Y11 
to vl m l  instruction  interlock  signal Y1 F 

when A616TD is  used in a remote I/O 
station. 

Signal  name 

Restricted for system use. Not available 
for user. 

ml instruction  interlock  signal 
when A616TD is used in a remote I/O 
station. 

Detected temperature value LED display 
request signal. 

Table 5.1 Input and Output Signals 

Restricted for system use. Not available 
for user. 

IMPORTANT I 
Device numbers YO t o  YC and Y11 t o  Y1F shown in Table 
5.1 are resewed  for  system use and must  not be  turned  on 
or off by a sequence program. Performance of the A616TD 
cannot be guaranteed if these device numbers are manipu- 
lated  by a program. 
YO t o  YlF,  corresponding to  X0 t o  XlF,  cannot  be used as 
external relays. 
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5. PROGRAMMING 

(1) Watch dog  timer (X01 

On indicates  that the A616TD has self-detected a watch  dog 
timer error and stops the AJD conversion of  the A616TD. 
The watch  dog  timer  error indicates an  A616TD hardware 
fault. 

(2) AJD conversion ready (X11 

Switched on  when  the set data is  made  valid  by writing  "1"  to 
the set data setting request area of the  buffer  memory  with  the 
sequence program. 
Switched off  by  writing  "1" again to  the set data setting 
request area during AJC conversion  and  switched on again 
when AJD conversion  is ready after data check. 

N D  conversion 
ready (X1) 

Set data  setting 
request 

1 

O ? I  11 Jl t P-4 
RUN start Set data  change 

t=sarnpling  period (ms) 

(3) Error flag (X21 

On indicates  that an error  other  than the watch  dog timer error 
has occurred in the A616TD and the  corresponding  error code 
has been stored to  the error code area. 
Switched off  by  writing "0" to  the error code area by  the 
sequence program. 

Error  code 
Error  code area 

0 4  

I I 
Error  flag (X2) 

OFF 

(4) Discontinuity  error detected (X31 

This signal  is turned  on  if a single  "1"  is set in the  buffer 
memory  discontinuity  detection area. The signal  is  turned off 
by writing "0" to the  discontinuity  detection area with  the 
sequence program. 

Discontinuity 
detection area 0 h h  
Discontinuity 
error  detected (X3) OFF 



5. PROGRAMMING 

(5) Digital output value out-of-range (X4) 

This  signal  is turned  on  if a single  "1"  is set in the  buffer f 
memory  digital  output value out-of-range  detection area. The 
signal  is  turned off by writing "0" to  the  digital  output value 
out-of-range  detection area with  the sequence program. 

Digital  output  value 
out-of-range  detection area 

t 

; 
Digital  output  value 
out-of-range  error  detected (X4) o~~ I 

I 

4 

Detected temperature  output  value  out-of-range (X5) 

This  signal  is  turned  on if a single "1"  is set in the  buffer 
memory detected temperature  value  out-of-range  detection I 

area. The signal is  turned  off  by  writing "0" to  the detected 
temperature value out-of-range  detection area with  the sequ- 
ence program. 

Detected  temperature  value 
out-of-range  detection  area 0 

Detected  temperature  value 
out-of-range  error detected (X51 OFF 

(7) Detected temperature value LED display request signal (Y10) 

When  the detected temperature value LED display request 
signal  is  turned ON, the detected temperature of  the channel 
specified by  the A616TD  INPUT switch and MX CH. switch  is 
displayed on  the LED display. 

Detected  temperature  value LED ON 
display  request signal (Ylo) 

Temperature  display 

Digital  value 

A616TD  module 
LED display 

display 

! 
# 

c 

I 
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. . . . . . . . . .  ,_.._CI___..._...- .- 

(Hexadecimal) 
Address 

OH 
1n 

........... 

........... 

........... 

-. 

5. PROGRAMMING 

5.2 Buffer Memory 

The A616TD  has a buffer  memory  for  communication  of data with 
the  programmable  controller (PC) CPU. The buffer  memory has no 
battery back-up. 

5.2.1 Buffer memory assignment 

The buffer memory addresses  are assigned as shown  in  the table 
below. 

to : ........... 
2oH 

to 
27n ........... 

to : ........... 
30n 

3FH 
to 

..... 
4On 

to 
47n 

to 
5On 

to 
57n 

to 
6oH 

to 
67n 

........... 

........... 

........... 
... 

7Fn 
8On 

FFn 
to 

1 OOn 
to 

17Fn 
180n 

to 
1 FFH 
2WH 

........... 

........... 

........... 

........... 

27Fn 
to 

....... 

................... 

................... Data format  selection 
Error code  storage 
Faulty ABOMX [:1 CONNECT NO. storage 

................... 

................... 
llwrmocouple-type setting  error channel number storage ................... Section 5.4.1 
Current  sampling  period  storage ................... Write  protected  Section 5.10 

................... 
Conversion  enable/ 
disable  designation  Multiplex  module Random I Section 5.4.2, 

Section 6.2.1 
I ................... 

Set data  setting  request ................... Random Section 5.4.5, Section 6.2.1 
Not  used 9: Write  protected - ................... 
Discontinuity  detection  enablddisable  designation  Random  Section 5.4.3 

Not  used 
.................... 

L. Write  protected - ................... 
Temperature  settings  corresponding  to  digital  output 
values I Random 

................... 
Discontinuity  detection  channel  number  storage  Random  Section 5.9.1 

Not  used 

Digital  output  value  out-of-range  channel  number 
storage 

Not  used 

................... 
r r  Write  protected - ................... 

Random  Section 5.9.2 
..................... Write  protected - ................... 

Temperature  output  value  out-of-range  channel  number 
storaae I 

I ................... 
.Not used  Write  protected - ................... 

I 
Input  channel  digital  output  value  storage  Write  protected  Section 6.2.2 

................... 
Error  compensation  settings  Random  Section 5.5 

.................... 
Thermocouple-type  settings  Random  Section 5.4.1 

................... 
MX CH. channel  digital  output  value  storage  Write  protected  Section 5.6, Section 6.2.; 

.................... 
MX CH. channel  detected  temperature  value  storage  Write  protected  Section 5.7 

................... 

Random data read permitted  from  the above memory areas at all 
times. 

IMPORTANT I I 
The write-protected areas of the buffer memory are 
read-only areas  for the sequence program. It is important 
that  the sequence program does not  write to these areas. 
If an attempt is made to  write  to a write-protected buffer 
memory area,  error number 10 is displayed  and the RUN 
LED flashes. 

5-4 
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5. PROGRAMMING 
~~ ~ ~ ~ ~~~~~ ~ 

5.3 Programming Procedure 

An A61 6TD temperatureldigital  conversion  program is written 
according to the  following procedure: 

Start 
I 

Initial  setting I 
Set the  initial set  data, such as type  of  thermo- 
couple connected, N D  conversion  enable/dis- 
able  and  discontinuity  detection  enablddis- 
able. 

I 
NO 

YES 

Setting  error  compensation  values I 
Maintain  thermocouples  of  channels  for  which 
compensation  is to be carried  out at a standard 
temperature  and  determine  the  measurement 
errors. Set these  errors as the  compensation 
values. 

I 

output  value. 

( End 1 

............... { ; p r   t o  Section 

~ ............... I ; p r  to Section 

............... Refer to Sections 
5.6 to 5.8. 
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5.4 Initial  Setting 
. 

The initial setting  program  shown below  must be included  before 
any program to read detected temperature  or  digital  output 
values. 

Thermocouple-type  settings I 

TOP I HO I H100 I K5 I K15 

I 

-I TOP I HO I HF IHOOFF I KI I+ 
I I I  

- -  - - - - - - - - - - - - - - - -  
Temperature  settings  corresponding 
to  diaital outDut  values 

-1 

I 

4 TOP I HO I H30 I K245 I K1 
I I I I I 1  

4 TOP 1-1 , 
I 

Set data  setting  request I 

4 TOP I HO I H18 I 

Refer to 
Section 5.4.1. 

Refer to 
Section 5.4.2. 

Refer to 
Section 5.4.3. 

Refer to 
Section 5.4.4. 

Refer to 
Section 5.4.5. 

Always execute the set data setting request after setting  the initial 
set data in the  buffer  memory. 
The previously set data becomes valid and A/D conversion  is 
carried  out  when this set data setting request instruction is 
executed. 



5. PROGRAMMING 

5.4.1 Setting  the thermocouple  types 

Determine  the  setting  value (0 to 8) appropriate for  the  type of 
thermocouple connected to each channel from Table 5.2 and write 
the values for each channel to the  buffer memory addresses looH 
to  17L. 

(1) The setting  value for each type  of  thermocouple  is  shown in 
the  table  below. 

Table 5.2 ABOMXT Application  Thermocouple List 

(2) The setting area of buffer memory addresses 100~  to   17F~ is 
configured as follows. 

Address 

1 OOH 

101H 
102H 

to 
1 OFH 
11oH 
111H 
112H 

to 
11 FH 

to 
170n 
1 7 1 ~  
1 7 2 ~  

to 
1 ~ F H  

I I MX CH. 0 No  setting  required. I 
MX CH. 1 Thermocouple-type  setting area 

CNT. No. 0 MX CH. 2 Thermocouple-type  setting area 

MX CH. F ThermocouDle-tvDe  settina area 
MX CH. 0 No  setting  required. 
?AX  CH. 1 Thermocouple-type  setting area 

CNT. No. 1 MX CH. 2 Thermocouple-type  setting area 

MX CH. F ThermocouDle-tvDe  settina area 

MX CH. 0 No  setting  required. 
MX CH. 1 Thermocouple-type  setting area 

CNT. No. 7 MX CH. 2 ThermocouDle-tvDe  settina area 
I . * .  " I 

MX CH. F Thermocouple-type  setting area 

CNT NO. refers to CONNECT number. 
The relationship between the area addresses and 
channel numbers is as follows: 

I M X  CH. (1 to F) 
CNT. No. (0 to F) 

(3) The default value of "0" is written  to all channels when  the 
power  supply is turned  on  or  the PC  CPU reset. 
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5. PROGRAMMING 

(4) A setting  error occurs if a value  outside  of the range 0 to 8 is 
written  to  the setting area. The error code 70 is written  to  the 
buffer  memory address lH and the channel number  for  which 
the  setting  error  occurred  is  written  to address 3~ as a 2-digit 
hexadecimal value. 

7 . -  r - 7  

L . .  L.2 

E MX CH. No. 
CNT. No. 

The channel number  for  which  the  setting  error  occurred 
remains  stored in memory after the setting  value  is  corrected 
within  the range 0 to 8. Write “0” to  the  buffer  memory 
address 1~ with  the sequence program to clear the detected 
data. (Refer to Section 5.12.) 

POINT 1 
(1) No settings can be made  for MX CH. 0 for CNT NO. 0 t o  

F as the cold-junction  compensation  thermoresistors 
(PtlOO) are connected t o  these channels. Settings 
made  for  these channels are ignored. 

(2) A setting  error occurs if a value outside of the range 0 
to 8 is  written  to  the setting area. In this case, the 
following occur: 
a) The A616TD RUN LED flashes 
b) The error  code 70 is displayed on  the A616TD  LED 

c) Conversion is  interrupted  for  the channel for  which 
display 

the out-of-range  data  was set. 



5.4.2 Specifying A/D conversion  enable/disable 

Write "0" or "l", respectively, to  the buffer memory addresses F H  

to 1 7 ~  to disable or enable A/D conversion for each  A616TD and 
A6OMXT channel. Refer to Section 6.2.1 (1) if A6OMX and a 
AGOMXR are to be connected for a combination  of  temperature/ 
digital  conversion and analog/digitaI  conversion. 

(1) Default values are written  to address F H  when  the  power 
supply  is  turned  on or the PC  CPU reset to enable conversion 
for all channels. Values  are written to the addresses loH to 17H 
to enable conversion for all channels of CNT  N.  areas to  which 
an AGOMXT module  is connected, and to disable conversion 
for all the CNT No.  areas. 

(2) The 16-bit  configuration  of  the  memory area is shown  below. 

b15  b14  b13  b12 b l l  b10  b9 b8 b7 b6 b5 W b3  b2 b l  b0 

CH.F CH.0 CH.l CH.2 CH.3 CH.4  CH.5  CH.6  CH.7  CH.8 CH.9 CH.A  CH.B CH.C CH.D CH.E . 

Li 0: Conversion  disabled 
1 : Conversion  enabled 

(3) The setting area of buffer memory addresses F H  to 17H is 
configured as follows. 

Address 

FH 
CNT. No. 0 MX CX. 0 to F Channel  conversion enablddisable settina area 1 OH 
A616TD INPUT 0 to F Channel  conversion enablddisable setting area 

1 1 ~  

CNT. No. 4 MX CX. 0 to F Channel  conversion enablddisable settina  area 1 4 ~  
CNT. No. 3 MX CX. 0 to F Channel  conversion enablddisable setting area 1 3 ~  
CNT. No. 2 MX CX. 0 to F Channel  conversion enablddisable setting area  12H 
CNT.  No. 1 MX CX. 0 to F Channel  conversion enablddisable setting area 

1 5 H  I CNT. No. 5 MX CX. 0 to F Channel  conversion enablddisable settina  area I 
1 6 ~  

CNT. No. 7 MX CX. 0 to F Channel  conversion enablddisable setting  area 1 7 ~  
CNT. No. 6 MX CX. 0 to F Channel  conversion enablddisable setting area 

POINT I 
(1 ) Channel 0 of the AGOMXT is the reference temperature 

measurement channel.  Therefore,  if  conversion is 
enabled  for a single  channel from CH.l  to CH.F, 
conversion  is  carried out regardless  of the enable/ 
disable setting for  channel 0. 

(2) "0" (conversion  disable) is automatically written  to  the 
CNT No. area  for  channels which are not connected 
with  the AGOMXT. 

(3) If conversion  is  enabled  for  channels which  are  not 
connected with  the AGOMXT, the  setting is ignored. 



5.4.3 Specifying the discontinuity detection channels 
. 

The discontinuity  detection  function is specified for  the  thermo- 
couples connected to the AGOMXT by setting  the  switches (as 
described in Section 4.5) and writing  the values "0" or "1"  to the 
buffer memory addresses 20H to 2 7 ~ .  

(1) The default values written  to  the buffer memory addresses 
when  the  power  supply  is  turned  on  or  the PC CPU reset, differ 
depending on  the  setting of the  discontinuity  detection enable 
switch, SW1. 
ON : discontinuity  detection  enabled for all  channels M X  CH. 1 to F. 
OFF : discontinuity  detection  disabled  for all channels MX'CH. 1 to F. 

(2) If discontinuity  detection  is to be enabled or  disabled for all 
channels of the AGOMXT, the default values are satisfactory, 
and no  further  settings are required. 

(3) However, if  discontinuity  detection  is to be enabled for  only 
some  of  the channels, these channels can be specified with  the 
channel setting  switches from switch 4 of SW1 to switch 8 of 
SW4. Turn  the  appropriate  pair  of  switches  for  the channel ON 
to enable the  discontinuity  detection. 

(4) The 16-bit configuration  of  the  memory area is  shown  below. 

b15  b14  b13  b12 b l l  b10  b9 b8 b7 b6  b5 b4 b3  b2 bl  b0 I M X ~ M X / M X ~ M X I M X I M X I M X ~ M X ~ M X ~ M X ~ M X ~ M X ~ M X ~ M X ~ M X ~  
CH.F  CH.E CH.D  CH.C  CH.B  CH.A  CH.9  CH.8  CH.7  CH.6  CH.5  CH.4  CH.3  CH.2 CH.l 

Flag "1" is  ignored. 
0: Discontinuity  detection  disabled 
1 : Discontinuity  detection  enabled 

(5) The setting area of buffer memory addresses 20H to 27H is 
configured as follows. 

Address 

2 0 H  

2 3 ~  
CNT. N0.2 MX CH. 1 to F Discontinuity  detection  enablddisable  setting  area 22H 
CNT. No.1 MX CH. 1 to F Discontinuity  detection  enablddisable  setting  area 21H 
CNT. No.0 MX CH. 1 to F Discontinuity  detection  enablddisable  setting  area 

CNT. No.3 MX CH. 1 to F Discontinuitv  detection  enablddisable  setting  area 
2 4 ~  

CNT. No.5 MX CH. 1 to F Discontinuity  detection  enablddisable  setting  area 2 5 ~  
CNT. No.4 MX CH. 1 to F Discontinuity  detection  enablddisable  setting  area 

2 6 ~  
CNT. No.7 MX CH. 1 to F Discontinuity  detection  enablddisable  setting area 2 7 ~  
CNT. No.6 MX CH.  1 to F Discontinuity  detection  enablddisable  setting  area 

POINT I 
The  followihg occur  if the contents of the buffer memory 
differ from  the switch settings: 
Buffer memory enabled, switch setting disabled: discon- 
tinuity  not detected. 
Buffer memory disabled, switch setting enabled: errors in 
detected temperature values. 

5-1 0 
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5.4.4 Setting the temperatures corresponding to digital output values 

Determine  the  measured  temperatures  for each channel  corres- 
ponding  to a digital  output value of 0 and 4000, respectively,  and 
write  the values to the  buffer  memory addresses 30H to 3FH. 

(1) Default  temperature values for a digital  output  of 0 and 4000, 
which  depend  on  the  measurement range, are written  to  the 
buffer  memory  when  the  power  supply  is  turned  on or the PC 
CPU reset, as shown in Table 5.3. 

1 4 3 2 

0 
10000 (X 10-1'C)  10000 (X 10-1'C)  10000  (X10-1'C) 3000 ( X  1  0-"C) 4000 

0 (X 10-l'C) 0 ( X  10-1C) 0 ( X  10-1.C) -2000 (X  10-1.C) 

Table 5.3 Temperature  Settings  Corresponding to Digital  Output  Values 

Write  the  required  setting  temperatures to buffer  memory 
addresses 30H to 3FH to set temperatures  other  than  the  default 
temperatures to correspond to digital  output values of 0 and 
4000. 

The temperatures are input to the  first  decimal place, by  using 
the  setting values as follows: 

Setting value = Temperature  value to the first decimal  place X 10 

Example 
To set a temperature of 23.5'C, use a setting  value of 23.5 X 10 = 235. 

The setting area of buffer  memory addresses 30H to 3FH is 
configured as follows. 

Address 

3011 
- INPUT Temperature  setting  value  (corresponding to a digital  value of 4 o o o 1 .  31 n 

Temperature  setting  value  (corresponding  to  a  digital  value of 0). 

32H I  ID, IT , Temperature  setting  value  (corresponding to a  digital  value of 01. 1 
33H 

11.1 " I  I Temperature  setting  value  (corresponding to a  digital  value of 4ooo). 
3 4 n  Temperature  setting  value  (corresponding  to  a  digital  value of 01. 
35H - INPUT TemDerature  settino  value lcorresmdino to a  diaital  value of 4 o o o 1 .  
3 6 ~  Temperature  setting  value  (corresponding to  a  digital  value of 0). 
37n INPUT Temperature  setting  value  (corresponding to a  digital  value of 4ooo). I 
3Bn 
3Cn 
3Dn 

3EH INPUT 7 Temperature w ' n g  value  (corresponding  to  a  digital  value of 01. 
3 F n  Temuerature  senino  value  lcorreswndina to a diaital  value of 4 o o O l .  

I 
c 

! 
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(5) The settings of  the  temperatures  which  correspond to the 
digital  outputs  of o and 4000 determine  the  temperature/ 
digital conversion  characteristics. 

Example 
The temperature  measurement  range is 0 to 500'C for a JIS 
standard, K type  thermocouple  with  the A6OMXT measure- 
ment  range set to "2". The temperature/digital  conversion 
characteristic is as shown  below if a temperature of 50'C is set 
to correspond to a digital  output value of 0 and a temperature 
of 450'C is set to correspond to a digital  output  value  of 4000. 

0 1  Detected  temperature  value ('C) 450 5i)0 
~~ 

Avoid  operation in the areas indicated with  dotted lines as 
they do  not meet accuracy specifications. 

(6) When  temperatures set to correspond to  digital  output values 
of 0 and 4000 are set outside  of  the  temperature  measurement 
range, the  digital  values  corresponding to temperature input 
values lying outside of the  temperature  measurement  range 
are interpolated  proportional to the  temperature  input, provid- 
ing  that  the  value  lies  inside  of  the  permitted  measurement 
range  shown in  the table  below. 
However, if  the  temperature exceeds the  maximum or mini- 
mum temperature limit of  the  permitted  temperature range, 
the  digital  value is fixed at the  value  corresponding to the 
maximum or minimum temperature limit, respectively. 

stadd 4 3 2 1 Measurement  Range shndrd standad shdd 
JIS BS DIN ANSI 

B B - 
44 to 1820 Permitted  temperature  range ('c) -RRh6 
100 to 1800 Temperature  measurement  range ('C) ~ t ~ h 3 0  

R R - 

0 to 1769 Permitted  temoerature  ranae I ' c I  -Pt -Pt 
0 to 1700 Temperature  measurement  range ('C) PtRhlO PtRh 
0 to 1769 Permitted  temperature  range ('C) -Pt 
0 to 1700 Temperature  measurement  range ('Cl ~ t ~ h 1 3  

S S 

n n -Ni 
0 to 1000 0 to 600 0 to 300  -200 to 150 Temperature  measurement  range ('C) NiCr - 
0 to 1372 0 to 1232 0 to 602 -270 to 307 Permitted  temperature  range ('Cl -NiAI 

E E -CuNi 

0 to 1200 0 to 870 0 to 457 -210 to 231 Permitted  temperature  range K )  -CuNi 

0 to 1000 - 0 to 661 0 to 350 -270 to 187 Permitted  temperature  range ('C) 

J J - 0 to 1200 0 to 800 0 to 400  -200 to 200 Temperature  measurement  range ('C) Fe 

T T - cu 
0 to 400  -270 to 258 Permitted  temperature  range ('C) -CuNi 
0 to 400 -200 to 200 Temperature  measurement  range ('C) 

- 

c u  - - 

Temperature  measurement  range ('C) Fe - 0 to 400 

-CuNi 

0 to 900 0 to 855 0 to 450 Permitted  temperature  range ('Cl -CuNi 
0 to 900 0 to 800 - 

Temperature  measurement  range ('C) 
0 to 600 0 to 463 Permitted  temperature  range ('C) 
0 to 600 0 to 400 - .  
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For a JIS standard, K type  thermocouple  with  the AGOMXT 
measurement  range set to "1," the  following temperature 
ranges apply: f 
Temperature  measurement range : -200 to 25072 
Permitted  temperature  range : -270 to 307'C 

OA temperature of -2OO'C is set to correspond to a digital 
output  value  of 0 and a temperature  of 400'C is set to 
correspond to a digital  output value of 4000. 

O A  temperature of -3OO'C is set to correspond to a digital I 

output  value  of 0 and a temperature of 250'C is set to r , 
correspond to a digital  output  value  of 4000. 

-300  -270 -200 0 250 307 400 
Temperature  measurement  range ('C) 

Permitted  temperature  range ('C) 
4 c 

*Avoid operation in  the areas indicated with  dotted lines as 
they do  not meet accuracy specifications. 

I 

I 

5-13 



5. PROGRAMMING 

5.4.5 Set data setting request 
. 

"iff must be written  to buffer memory address 181.1 when set data 
(such as A/D conversion enable/disable, temperature  settings 
corresponding to  digital  output values, etc.) has been written  to 
the  buffer  memory  during  initial  setting  or  temperature/digital 
conversion  operation. 
When "1" is written  to  this area, the A/D conversion ready signal  is 
turned off, the set data is  written  from  the buffer memory  to  the 
set data memory, all channel data is checked, and the AID 
conversion ready signal  is turned on to start A/D conversion. 

(1) After  making  the  initial settings, A/D conversion  cannot be 
started until "1" is written  to  this area. 

(2) The "iff written  to  the set data setting area is  automatically 
reset to "0" when  the A/D conversion ready signal  is turned 
on. 

(3) The set data setting request signal and A/D conversion ready 
signal are turned  on and off as shown  below. 

ND conversion ON 
ready  signal 

Set  data  setting c,t+zl 
request  signal 

Start RUN Set  data  changed 

t = sampling  period (ms) (Refer to  Section 3.3.2.) 

(4) "1 " must be written to this area after the set data is changed 
during A/D conversion  operation or A/D conversion  continues 
with  the previous values. 
During A/D conversion, write  the "1" to  memory  by sending a 
TO instruction as a pulsed TOP instruction. 
Error 13 occurs if ',l" is written  continuously  using a TO 
instruction. 

(5) A  setting  error occurs and the  error code 12 is written  to buffer 
memory address 1 if an attempt  is  made to  write a value  other 
than "1" to  the setting area. The operation  status  is  then as 
follows: 

During  initial setting: N D  conversion is  not executed. 
During AID conversion: Processing continues with  the pre- 

vious  conditions. 

After the correct value  is  written, the error code should be 
cleared by  writing "0" from the sequence program to the 
buffer  memory address 1". 
(Refer to Section 5.12.) 



5. PROGRAMMING 

POINT I 
Always write "1" to  the set data  setting area with a  TOP 
instruction  executed  for  one scan only. 
An  error  occurs  and  processing  stops  if "1" is written 
continuously with  the TO  instruction. 

f 
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5.5 Error Compensation Settings 

Maintain  thermocouples of channels for  which  compensation is to 
be carried out at a standard temperature and determine  the  errors 
between the measured and standard  temperatures. Set these 
errors as the compensation values in  the buffer memory addres- 
ses 80H to FFH. 

(1) Measuring the standard  temperature 

(a) Turn  on  the detected temperature  value LED display 
request signal (Y10) and specify the channel for  which  the 
standard  temperature  is to be measured with  the A616TD 
INPUT and MX CH. switches. 

(b)  Maintain  the  thermocouple connected to  this channel at 
the  standard  temperature and read the measured value 
from  the LED display. 

(c) The standard  temperature  must  lie within  the temperature 
measurement range. 

(2) Determining  the  error  compensation values 

(a) Use the  Thermoelectromotive Force Table in Appendix 1 
to determine  the  thermoelectromotive  force Vst ( IJ V) 
produced  by the  thermocouple at the standard  tempera- 
ture  and  the  thermoelectromotive  force  Vmt ( IJV) 
obtained at the measured temperature  (indicated on  the 
LED display). 

(b) Determine the difference  between these two thermoelec- 
tromotive force values and set this difference as the  error 
compensation value. 

Error compensation  value = Vmt - Vst 

4. 



Example 
If a temperature  of 2'C is displayed  the A616TD LED 
display  using a JIS standard K type  thermocouple at a 
standard temperature  of 0°C. 

The thermoelectromotive forces are: 
0 p V  at 0°C (Vst) 
79pV at 2°C (Vmt) 

The error  compensation value is  therefore: 
79 - 0 = 79 p V  (Vmt - Vst) 

rError  Compensation 
_ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - -  - 1 

I setting  instruction 

I x0 
+M 

Error compensation setting I 

I 

Set  the  error  compensation 
value,  79,  in DO. 

Write  the  contents of DO to 
buffer  memory  address 8 1 ~ .  

! f 

r 

, 

I 

i 

I 

Refer to Section 5.4.5. 

1 
I 
I (3) Setting  range for error  compensation values 

Set the error  compensation  value in  the range -4000 to I 

4000 p V. 1 

The accuracy of  output data cannot be guaranteed if the  error 
compensation  value lies outside this range. 

I , 

d 
t 

z (4) The default  value  of "0" is written  for all channels when  the 
power  supply  is turned on  or  the PC CPU reset. 

'I 
4 , 
i 
4 

... 
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. (5) The setting area of  buffer  memory addresses 80H to FFH is 
configured as follows. 

Address 

8 0 ~  
8 1 ~  
8 2 ~  
to 

~ F H  
9 0 ~  
9 1 ~  
92n 

t o  
~ F H  

t o  
FOH 
F1 H 

F ~ H  
to 

FFH 

~~ ~ 

MX CH. 0 No setting  required. 
MX CH. 1 Error  compensating  value  setting area 

CNT.  No. 0 MX CH. 2 Error  comDensatina  value  settina area 

I MX CH. F Error  compensating  value  setting area I MX CH. 0 No setting  required. 
1 MX CH. 1 Error  comDensatina  value  settina area I 

CNT. No. 1 

MX CH. F Error  compensating  value  setting area 

MX CH. 2 Error  compensating  value  setting area 

I MX CH. 0 No setting  required. 1 
MX CH. 1 Error  compensating  value  setting area 

CNT. No. 7 MX CH. 2 Error  compensating  value  setting area 

I MX CH. F Error  compensating  value  setting area I 
The relationship between the area addresses and 
channel numbers is as follows: 

Address 
~ . .  _.. 

( 8 ~  + CNT. No. (0 to 7) HI 

Example 
Address of MX CH.8 of the CNT NO. 5 AGOMXT 
module: 

T T  
D ~ H  

POINT I 
No settings are required for MX CH. 0 as the cold-junction 
compensation thermoresistors (PtlOO) are  connected to 
these channels. Settings  made for these channels are 
ignored. 



5. PROGRAMMING 

5.6 Reading the Digital Output Values 

The temperatures input  to  the AGOMXT channels from  the ( 
temperature sensors are sampled and temperature/digital  conver- \. 

sion is carried  out for each channel. The digital  output values are 
linearized and stored for each channel in the  buffer memory 
addresses 180H - 1 FFH. 
The digital  output value can be read by  the PC CPU for any channel 

4 

/ 

specifying  the  buffer memory address. 

The 16-bit configuration  of  the  memory area for storage of  MX 
CH. channel digital  output values is  shown  below. 

b15 b14 b13  b12 b l l  b10  b9 b8 b7 b6 b5 b4 b3 b2 b l  bO 

I r / o I I I I I I I I I I I I I I I I  

1. L "  
Data  area 

b l l  to b14 are "1" for  a  negative  value  (b15 = 1) 
and "0" for  a  positive  value  (b15 = 0) 
(Negative  values are expressed as two's complements.) 

Sign  bit 
1 : negative 
0 : positive 

The buffer memory addresses 1 8 0 ~  - 1 FFH for storage of  digital 
output values are configured as follows. 

Address 

1 8 0 ~  I I MX CH. 0 Digital  output  value I 
MX CH. 1 Digital  output  value 

CNT. NO. 0 MX CH. 2 Digital  output  value 
to 

I MX CH. F Diaital  outout  value I 
I MX CH. 0 Digital  output  value I 

MX CH. 1 Digital  output  value 
CNT.  NO. 1 MX CH. 2 Digital  output  value 

to 
1 ~ F H  MX CH. F Digital  output  value 

to 
1 FOH MX CH. 0 Digital  output  value 

1 F 1 ~  I MX CH. 2 Diaital outmt  value 1 F 2 ~  CNT. NO. 7 
MX CH. 1 Digital  output  value 

~~ 

I I 1 I 
to I I I 

I I I 
~ F F H  I I MX CH. F Digital  output  value I 

The relationship  between the area addresses and 
channel numbers is as follows: 

Address 
1 [:I L.:H 

TL 
r - 7  

MX CH. (0 to F) 
I &  + CNT. No. (0 to 7)1 

Example 
Address of  MX CH. 2 of  the CNT  NO. 7 AGOMXT 
module: 

1 F ~ H  
MX CH. 2 
& 7 H  (CNT. NO. 7) = FH 
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I Digital output 

(3)  "0" is always written for MX CH. 0 of CNT NO. 0 to 7 as the 
cold-junction  compensation  thermoresistors (Ptl 00) are  con- 
nected to these  channels. 

(4) Program example 
Normal read of the digital  output  values from channels 1 to F 
of the A6OMXT module connected  to  channel 1 of the A616TD 
module to addresses DO to D14. 

1 Instyyton 
value read Read the digital  output 

values from buffer mem- 
ory addresses 191 H to 1 9 F ~  
and store them in DO to 
D14. 



5.7 Reading the Detected Temperature Values 

The temperatures input to the AGOMXT channels from  the 
temperature sensors are converted to detected temperature 
values for each channel and  stored in  the  buffer  memory 
addresses 200~ to 27F~. 
The detected temperature value can be read by  the PC CPU for any 
channel by specifying  the  buffer memory address. 

(1) The values stored in the  buffer memory are ten  times  the 
temperature in Celsius. 

Example 
49.3'C is stored as 49.3 X 10 = 

Storage data 

f 

(2) The 16-bit  configuration  of  the  memory area for storage of 
detected temperature values is  shown  below. 

b15  b14  b13  b12 b l l  b10  b9 b8 b7 b6 b5 b4 b3  b2 bl  bCl 

1 /o 1 

Sign  bit 
Data  area 

1 : negative 
0 : positive c 

J 

, 
? 

i 

t 
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5. PROGRAMMING 

(3) The buffer  memory addresses 200" to 27FH for storage  of 
detected  temperature  values are configured as follows. 

Address 

4 

200H 
MX CH. 1 Detected  temperature  value 

201H 1 MX CH. 0 Detected  temperature  value 

2 0 2 ~  CNT. NO. 0 MX CH. 2 Detected  temDerature  value I I I 
to I I I I L I 

2 0 F ~  MX CH. F Detected  temperature  value 
21 OH MX CH. 0 Detected  temperature  value 

MX CH. 1 Detected  temperature  value 
CNT.  NO. 1 MX CH. 2 Detected  temperature  value 

21 to FH I MX CH. F Detected  temDerature  value 
to 1 

2 7 0 ~  I I MX CH. 0 Detected  temperature  value I 
MX CH. 1 Detected  temperature  value 

CNT. NO. 7 MX CH. 2 Detected  temperature  value 
to 

27  FH MX CH. F Detected  temperature  value 

The relationship  between  the area  addresses and 
channel  numbers is as follows: 

Address 

I M X  CH. (0 to F) 
CNT.  No. (0 to F) 

Example 
Address of  MX CH. F of  the CNT  NO. 1 AGOMXT 
module: 

2  1 F H  

MX CH. F 
CNT. No. 1 

(4) The terminal  block  temperature is always  stored for  MX CH. 0 
of CNT  NO. 0 to 7 



5.8 Detected  Temperature  Value Celsius - Fahrenheit Conversion Program 

A  program  to convert  the detected temperature value stored in the 
buffer memory addresses 2OOH - 27FH  as a value equal to ten  times 
the Celsius temperature ("C) can be converted to a value equal to 
ten  times  the Fahrenheit temperature 
( O F )  using  the  program  listed  below. 

(1) Conversion formula 
Detected temperature value = Celsius temperature X 10 
Fahrenheit temperature = Celsius temperature X 1.8 -k 32 

X 1.8 i- 32 - Detected temperature value - 
10 

Therefore, Fahrenheit temperature X 10 = Detected temperature value X 18 
10 f 

t 320 - Multiplying  the temperature by ten  per- 
mits  handling of the  temperature to the 
first  decimal place. 

(2) Program example 
Store  the detected temperature value from  MX CH. 1 of the 
A6OMXT connected to A616TD  INPUT 0 into D50. Convert this 
value to Fahrenheit and store  the  converted value in D60. 

Detected 

value read 
temperature 

instruction  X0 X1  Read the  detected  ternper- ature  value from  buffer 
rnernorv  address 2011.1 and 

I I store i t ' in D50. 

t 1 8 P  I D50 I K18 I D51 Multiply D50 by 18. Store 
the  result  in D51 and D52. 
Divide D51 and 052  by 10. 
Store  the  quotient in D53 
and D54 and  the  remain- 
der in D55 and D56. 

Add 320 to D53 and D54. 
Store  the  result in D60 and 
D61. 
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5. PROGRAMMING 

5.9 External Fault Detection 

External fault data is  stored to the  buffer  memory  if a discontinuity 
occurs in a thermocouple  or  compensation lead, or  if an abnormal 
temperature value is  input. 

5.9.1 Reading the  faulty channel number 

When a discontinuity  is detected in a thermocouple or compensa- 
tion lead, "1"  is  written to  the  bit of addresses 40H to 47H of  buffer 
memory  which corresponds to  the channel for  which  the  fault was 
detected. 

(1) When a discontinuity  is detected for any of the AGOMXT 
channels for  which  discontinuity  detection is enabled, "1,' is 
written  to  the  bit  which corresponds to the channel and the 
discontinuity  error  signal X3 is turned on. 

(2) The 16-bit configuration of the  memory area is  shown  below. 

b15  b14 b13  b12 b l l  b10 b9  b8 b7 b6  b5 b4 b3 b2 b l  bO 

MX 
CH.l CH.2 CH.3  CH.4 CH.5  CH.6  CH.7 CH.8 CH.9  CH.A  CH.B  CH.C  CH.D CH.E CH.F 
MX MX MX MX  MX MX MX MX MX MX MX MX MX MX 

For cold-junction  com- J 
pensation.  Normally "0". 

0: Normal 
1 : Discontinuity  or  out-of-range 

(3) The storage area in buffer memory addresses 40H to 4 7 F ~  is 
configured as follows. 

Address 

4 0 ~  
41 H 

4 2 ~  
4 3 H  

44u 
45H 
4 6 H  

47 H 

CNT. No.0 MX CH. 1 to F Channel for  which  discontinuity  detected 
CNT. No.1 MX CH. 1 to F Channel  for  which  discontinuity  detected 
CNT. No2 MX CH. 1 to F Channel for  which  discontinuitv  detected 

I CNT.  No.3 MX CH. 1 to F Channel for  which  discontinuitv  detected I 
CNT. No.4 MX CH. 1 to F Channel for  which  discontinuity  detected 
CNT.  No.5 MX CH. 1 to F Channel for  which  discontinuity  detected 
CNT.  No.6 MX CH. 1 to F Channel for  which  discontinuity  detected 
CNT. No.7 MX CH. 1 to F Channel for  which  discontinuitv  detected 

(4) This data remains  stored in buffer memory after the cause of 
the  fault has been corrected. Write "0" to the  buffer  memory 
addresses 4 0 ~  to 4 7 F ~  with a sequence program to clear the 
external  fault data. (Refer to Section 5.12.) 



5.9.2 Reading the digital output value out-of-range channel number 

If a temperature is  input  which exceeds the range specified by  the ,( 

temperatures set to correspond to digital  output values (refer to \ 
Section 5.4.4), "1" is written to the bit of addresses  50H to 57H of 
buffer  memory  which  corresponds to the channel for  which  the 1 

out-of-range  temperature  was detected. 

If a temperature is  input  which exceeds the temperature  value 
range specified by  the temperatures set to correspond to 
digital  output values (refer to Section 5.4.41, "1" is written  to 
the  bit  which corresponds to  the channel for  which  the 
out-of-range  temperature  was detected and the  digital  output 
value  out-of-range  error  signal  X4 is  turned  on. 

The 16-bit configuration  of  the  memory area is shown below. 

b15 b14 b13  b12 b l l  b10  b9 b8 b7 b6 b5 b4 b3 b2 b l  bO 

CH.F 
MX  MX  MX  MX  MX  MX  MX MX MX  MX MX  MX MX MX  MX 
CH.1  CH.2 CH.3 CH.5  CH.4  CH.6  CH.7  CH.8 CH.9 CH.A CH.B CH.C CH.D CH.E 

For cold- junct ion  com- J 
pensation.  Normally "0". 

0 : Normal  
1 : Out-of-range 

The storage area in buffer memory addresses  50H to 57FH is 
configured as follows. 

Address 

5 0 ~  
51 H 

5 2 ~  
5 3 H  
54u 
55H 
5 6 ~  
57H 

CNT. No.0 MX CH. 1 to F Channel for which out-of-range value  detected 
CNT. No.1 MX CH. 1 to F Channel for which out-of-range value  detected 
CNT. No.2 MX CH. 1 to F Channel for which out-of-range value  detected 
CNT. No3  MX CH. 1 to F Channel for which out-of-range value  detected 
CNT.  No.4 MX CH. 1 to F Channel for which out-of-range value  detected 

1 CNT. No.5 MX CH. 1 to F Channel for which out-of-range value  detected 
CNT. No.6 MX CH. 1 to F Channel for which out-of-range value  detected 
CNT. No.7 MX CH. 1 to F Channel for which out-of-range value  detected 

This data remains  stored in  buffer  memory after the cause of 
the  fault has been corrected. Write "0" to  the  buffer  memory 
addresses 50H to 5 7 F ~  with a  sequence program to clear the 
external fault data.  (Refer to Section 5.12.) 
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5.9.3 Reading the detected temperature value out-of-range channel number 
. 

If a temperature  is  input  which exceeds the range specified by the 
measurement  range setting, "1" is written  to  the  bit of addresses 
60H to of  buffer memory  which corresponds to  the channel for 
which  the out-of-range  temperature was detected. 

4 

If a temperature  is input  which exceeds the measurement 
range setting  (refer to Section 4.4), "1"  is  written to the bit 
which  corresponds to  the channel for  which  the  out-of-range 
temperature was detected and the detected temperature value 
out-of-range  error  signal X5 is  turned  on. 

A detected temperature  value  out-of-range  error is also 
detected in  the case of  a  discontinuity  detection  error, so that 
"1 " is also written  to the bit  which corresponds to the  channel 
in this case. 

The 16-bit  configuration  of  the  memory area is  shown  below. 

b15 b14 b13  b12 b l l  b10 b9 b8 b7 b6 b5 b4 b3 b2 b l  W 

MX 
CH.1 CH.2 CH.3 CH.4 CH.5 CH.6 CH.7 CH.8 CH.9 CH.A CH.6 CH.C CH.D CH.E CH.F 
MX  MX MX MX MX  MX MX MX MX MX MX MX MX MX 

I 
' I  

For  cold-junction  com- +J 
pensation.  Normally "0". 

0 : Normal  
1 : Out-of-range 

The storage area in buffer  memory addresses 6 0 ~  to  67F~ is 
configured as follows. 

Address 

6 0 ~  

CNT. No.5 MX CH. 1 to F Channel for which out-of-range value  detected  6511 
CNT. No.4 MX CH. 1 to F Channel for which out-of-range value  detected 64~ 
CNT. No.3 MX CH. 1 to F Channel for which out-of-range value  detected 6 3 ~  
CNT. No.2 MX CH. 1 to F Channel for which out-of-range value  detected 6 2 ~  
CNT. No.1 MX CH. 1 to F Channel for which out-of-range value  detected  6111 
CNT. No.0 MX CH. 1 to F Channel for which out-of-range value  detected 

6611  CNT. No.6 MX CH. 1 to F Channel for which out-of-range value  detected 
6711  CNT. No.7 MX CH. 1 to F Channel for which out-of-ranae value  detected 

This data remains  stored in buffer  memory after the cause of 
the  fault has been corrected. Write "0" to the  buffer memory 
addresses 60" to 67FH with a sequence program to clear the 
external  fault data. (Refer to Section 5.12.) 



5.10 Reading the Current Sampling Period 

5.1 1 Reading  Error  Codes 

The sampling  period is determined  by multiplying the  number  of 
conversion  channels for the A6OMXT module  with  the largest 
number of conversion  channels  enabled by 50 milliseconds  (refer 
to Section 3.3.2).  The value is stored in buffer  memory address 4. 

(1) The value  of  the  sampling  period is upgraded each time  the 
number  of A6OMXT channels  for  which  conversion is enabled 
is changed. 

(2) The sampling  period is stored in  this area in millimeters. 

Example 
A  sampling  period of 800ms is stored as the  value 800. 

(3) "0" is stored in  this area if conversion is disabled for all 
channels  of all AGOMX!:! units  connected to the A616TD, or if 
the A616TD is used alone. 

f 

When the A616TD detects an error, the  corresponding  error code 
is stored in buffer  memory address lH as a binary code. 

(1) The stored  error code is  upgraded each time an error is 
detected, and  the  previous  value is cleared. 

(2) If an error occurs which  results in an error code from 01 to 04, 
such as a faulty A6OMXT module or a setting  error,  "1" is 
written  to the bit  of  the buffer memory address 2H which 
corresponds to  the CNT NO. of  the  faulty  module. 
"1" is written  to  this address for  the  appropriate CNT. NO. 
each time a new  error occurs, and this data remains  stored 
until  the area is cleared. 

r' . 

I 

1) The 16-bit  configuration  of  the  memory area is shown ! I 

below. I , 
b15  b14  b13  b12 b l l  b10 b9 b8 b7 b6 b5 b4 b3 b2 b l  bO 1 

I 
4 

0 : Normal 
1 : Discontinuity or out-of-range 

5.12 Clearing the Error  Code  Area 

(1) This data remains  stored in buffer  memory  after  the causes of 
the  faults have been corrected.  Write "0" to the  buffer  memory 
addresses lH and 2H with a sequence program to clear the  error \. 

data. 
1 
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5.13 Programming for ACPU Remote I/O Station 

When  the A616TD is used on a  remote I/O station, the master 
station (ACPU) should be programmed as described below. 

5.13.1 Programming instructions 

The ACPU is  controlled in direct  or refresh I/O mode  but data 
communication  with a remote I/O station  is  made in batch refresh 
mode after the wl (FEND) instruction is executed. 
For full  information on data link, see the Data Link System User’s 
Manual. 

Control timing  must be noted. Since data is controlled via the 
link  module,  some delay may occur for  communication  of 
control data between  the master station CPU and  the A616TD 
on  the  remote I/O station. 

The following  instructions are used for data communication 
with  the A616TD on  the  remote I/O station: 

Data write  from master station to remote I/O station A616TD: 

Data read from  remote I/O station A616TD to master station: 
instruction 

1 RFRP I instruction 

Data transfer  between the master station CPU and A616TD is 
made  by  the  link  register (W). Hence,  an appropriate  program 
should be written so that the link  register data is  transferred to 
the  other device after the m l  instruction has been ex- 
ecuted, and the  required data is  transferred to  the  link register 
before  the IRTOP( instruction  is executed. 

The m] and ( R F R P ]  instructions cannot be executed at the 
same time  (within one scan) to one A616TD on the  remote I/O 
station. 

nals on  the  following page must be used with the 
and F l  instructions as interlock  conditions. 

The I/O signal  numbers  indicated are those assigned by  the 
master station and correspond to X0 and Y1 F in  this example. 

Control signals to  remote I/O station 

YCO may  not  be  provided  to  the  remote I/O station  by 
PLS Yon because of  the  relation  between  the  master 
station scan time  and  link scan time. 

After  the  instruction  is executed, the  pulse output  for 
executing  the m l  instruction cannot be used because 
data communication  between  the master station  and 
remote I/O station  is  made in batch refresh mode after the 

1 x 1  (FEND) instruction  is executed. 
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Timing 
I R T O P l  IRFRP] instruction  can- 
not  be  executed  due to a  special 

Signal  Direction: PC CPU to A616TD 

wi 
number 

Yo to Yc 

Yo 

Signal 

Reserved. 

Switched  on  by  the  master  sta- 
tion CPU when  the in- 
struction is executed  (data is 
transferred from the  master  sta- 
tion CPU to the  link  module). 
Must be  reset by  the  user  prog- 
ram  after  checking  that XlE is 
on. 

Switched  on  by  the  master  sta- 
tion CPU when  the m in- 
struction is executed  (data  is 
transferred from the  master  sta- 
tion CPU to the  link  module). 
Must  be reset by  the user prog- 
ram  after  checking  that XlF is  on. 

Signal  Direction: A616TD to PC CPU 

number D d c e  I Signal 

(IO to Xlc Reserved. 

Switched  on if the or 
xlo m instruction  cannot be ex- 

ecuted  due to a sDeciaI function I module  fault. 

Switched on  while the 
instruction is executed  by  the 
A616TD on  the  remote 110 sta- 
tion. 

1 
Switched  on while  the 
instruction is executed by the 
A616TD on the  remote VO sta- 
tion. 

I 

Switched  on  when  remote  station 
A616TD fault  occurs. 

,-Switched off when Yo is  switched 
fi on. 

function  module  fault 

Yo 

Switched  on by Switched off by 
user  program. user program. ( R F R P I  instruction  is executed 

Switched  on  when -1 in- 
struction  is  executed. 

t r when XlE is  switched  on. 
Switched off by user program 

I m I  instruction  is executed 

I 
I Switched  on  when  remote  station 
I processes W l  instruction. 

I \  
I Switched off when master  station 
I completes lRFRPl instruction 

I I processing. ' During  this  period, [RTOP] in- 
struction  cannot  be  executed  to 

IRFRP] ]  instruction. 
the A616TD which  is  executing 

Switched on when  remote  station 
processes lRtOPl instruction. 

t - when x1F is  switched  on. 
Switched off by  user  program 

1 Switched  on when m] in- 
1 struction is  executed. 
I 

I Switched off when  master  station 
I completes lRtOPl instruction 
I processing. 

H 
During  this  period, IRFRP]l in- 
struction  cannot be executed to 
the A616TD which is executing 

Y 

instruction. 
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To continuously execute read while  the read  signal  is  on 
(Executed per two scans) 

(Read 
signal) X131 M3 
+ H I  = R SET M1 

I RST I M3 c 
Y13E  X14E  Y13F  X14F 

SET I M2 b, Interlock  conditions for executing 
(Y13E,  X14E,  Y13F,  X14F) 

Transfers data as X14E is  switched on when  remote 
station  executes  instruction. 

1 RST I M2 Resets instruction  execution  command. 

RST I Y13E Resets instruction  execution  flag 

Generates pulse for repetition. 

POINT I 
head I/O signal, nl ,  is three for 



5. PROGRAMMING 

(2) Write to remote I/O station A616TD 
. 

Format 

Execution 
condition 

RTOP I n l  I n2 I D n3 1 1  

Symbol Device Used Description 
n l  

Number of words of data written  (1  to 16) n3 

W Head number of link register which stores data D 

K, H Head address of A616TD buffer  memory  which  will  store  written data n2 

K, H I/O number assigned to A616TD by master station 

K, H 

Example: To write 1 word  from W50 to the  buffer memory 
address 18 (set data setting  request) of  the  remote I/O 
station A616TD assigned to X, Y130 to 14F by the 
master station. 

To execute write  only once by switching  on  the  write  signal 

4 

(Write 
signal) X130 

PLS I M 1  

Y13E  X14E  Y13F  X14F 
, Interlock  conditions  for  executing 

(Y13E,  X14E.  Y13F,  X14F) 

RTOP H130  H18  W50  K1 

X14F 
RST M2 on  when  remote  station  executes  instruc- 

Resets the  execution command as  X14F is  switched 

tion. 

RST Y13F  Resets instruction  execution  flag. 

I POINT I I 
I I 

head I/O signal, n l ,  is three for 

5-32 
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(3) Reading continuously  from  remote I/O station A616TD and 
writing set data 

Example: To disable  the A616TD INPUT 2 from A/D conver- 
sion  during  continuous read of 1 word  to W52 from 
the  buffer  memory address 180 (digital  output 
value) of  the  remote I/O station A616 assigned to X, 
Y130-14F by  the  master  station,  and  after  defining 
disable, to read data from  the buffer  memory 
address 180 again. 

Always  on 
(Read 
signal)  x131 M3 

+ H t  M-1 SET M1 

’ 

-I I / r I P d P / r l  
M1 Y13E  X14E  Y13F 

SET M2 ’ (Y13E.  X14E,  Y13F,  X14F) 
Interlock  conditions  for  executing 

Execution  of  the  instruction  writes  the 

W52.A 
1 contents of the  buffer memory address 1 8 0 ~   t o  

Transfers  data as  X14E is switched  on  when  remote 
station  executes  instruction. 

X14E 

1 Resets instruction  execution  command. 

( 1  RST I -+ Y13E Resets instruction  execution  flag. 

(Set data 1 SET M3 1 Generates pulse  for  repetition. 
write 
signal) X130 
+ I  I Y  

AI I 

M4 Y13E  X14E  Y13F  X14F 
SET 1 M5 +, Interlock  conditions  for  executing m 

(Y13E.  X14E,  Y13F.  X14F) 

AM5 w w d  W50 stores FFFBH (only INPUT 2 disabled). 

1 on  when  remote  station  executes  instruc- 
Resets the  execution command as  X14F is  switched 

tion. 

t Resets (RTOP( instruction  execution  flag. 

+ I  
M6 Y13E  X14E  Y13F  X14F 

I Y  
A I  X I  X I  I SET M7 k, Interlock  conditions  for  executing m 

(Y13E,  X14E.  Y13F,  X14F) 

RTOP I H130 I H18 I W51 1 K1 1 W51  stores K1 (set data setting  request). 

RST M7  on when  remote  station  executes  instruc- 
Resets the  execution command as  X14F is  switched 

tion. 

I Resets (RTOPI instruction  execution  flag. 
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6. ANALOGIDIGITAL CONVERSION FUNCTIONS 

6. ANALOGIDIGITAL CONVERSION FUNCTIONS 

The setting  procedure  and  programming  method are described f 
below  for  the  analog/digital  conversion (ND conversion)  of  analog 
signals  input  directly to the A616TD  INPUT channel or to a MX CH. 1 

channel  of an  A6OMX or A6OMXR module  connected to an 
A61  6TD. 1 

Refer to Chapters 4 and 5 for details of  the  setting  procedure  and I i 
programming  method  for  temperature/digital  conversion. 

6.1 Pre-Operation Settings and Procedures 1 

6.1.1 Pre-operation settings and procedures 

Make the  following settings  before  carrying  out  analog  signal 
input  into an  A616TD module  directly, or to an  A6OMX or A6OMXR ! 
module  connected to an  A616TD module. t 

I 
! 

Start 

1 
NO AGOMX or AGOMXR 

YES 
Analog  input select switch  setting I 
Set the  analog  input select switches  in accordance 
with  the analog  inputs  (voltage,  current)  for each 

,,,,,. AGOMX : Refer to Section 6.1.2 
AGOMXR: Refer to Section 6.1.3 

channel. 

Offsevgain  setting  pin  setting j 

A60MXR modules  in accordance with  the  analog 
Set the  offseffgain  setting  pins  of  all AGOMX or ,,_,,, 

input  range. 

t 

to Section 3,4,1 (2) 

Load  the A616TD. AGOMX and AGOMXR modules  in 
the base unit. 

Connect the cables from  the A616TD to AWMX  and 
AGOMXR modules  and  between  the  external sensors 
and  the AGlGTD,  AGOMX and AGOMXR modules. 

""" 'Refer to Section 6'1'7 

AGOMX or AGOMXR 

4 YES 
ICONNECT NO. switch  setting I 1 

Set the CONNECT NO. switch  on each AWMX  and I A6OMXR module  to  the  input  number  of  the A616TD I 
...... [ module  which is connected to  the  A€€" or 

A6OMX : Refer to  Section 6.1.2 
AGOMXR: Refer to Section 6.1.3 

A6OMXR module  OUT  terminal. 

1 
AWMWAGOMXR offseffgain  fine  adjustment I 
Input  a test voltage or current  into  the AGOMX and 
AGOMXR and  carry  out  fine  adjustment  of  the 
offseffgain. 

Program storage] 
Store  the  initial  settings  and  digital  value  reading ...... (Refer to Section 6.2. 
program  to  the CPU module  memory. 

""" IRefer to Section 6'1'4' 

D 

A c Run 

l 

'I 

t 

i 

f - I  
1. 

i 
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6. ANALOGIDIGITAL CONVERSION FUNCTIONS 

6.1.2 Description and settings of A6OMX parts 

I- 

Description  and  settings of AGOMX parts. 

Name and Anwarance 
CONNECT NO. switch 

CONNECT NO. 

Offset control 1 
OFFSET 

Gain control J 

GAIN 

@ 

DescrirJtion 
Used to specify to which  input  of  the A616TD the A6OMX output is 
connected. 
Setting  range: 0 to 7 

Used to make  microadjustments of the  offset  value,  which  is  selected 
by the  setting  pins S17 and S18 in  the  module. 
For further  details,  refer to Section 6.1.4, Offset/Gain  Settings. 

Used to make  microadjustments  of  the  gain  value,  which  is  selected 
by the  setting  pins S17 and S18 in the  module. 
For further details, refer to Section 6.1.4, OffseVGain Settings. 
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Name and  Appearance 

Offsetlgain  setting  pins 

Analog input select  switches 

sw2 

Extension cable  connectors I ~~ 

Description 

Set the S17 and S18 offsetlgain  setting  pins  in  accordance  with  the 
analog  input  voltage/current  range  and  the  setting  of  the A616TD 
offsetlgain  setting  pins. 
For further  details,  refer to Section 3.4.1 (2) , AGOMX and AGOMXR 
Input  Characteristics. 
Set to "1" on  shipment  from  factory. 

Used to select the  type  of  analog  input  (voltage  or  current) of each 
channel (CH. 0 to CH. F). 

OFF: Voltage input  setting 
ON : Current  input  setting 

Set to OFF on  shipment  from factory. 

Connection  cable to other AGOMX and/or AGOMXR modules  inserted 
next to the AGOMX to increase  the  number  of  channels. 
The extension cable may be connected to either  connector. 
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6. ANALOG/DIGITAL CONVERSION FUNCTIONS 

6.1.3 Description  and  settings of AGOMXR parts 

Description  and  settings of AGOMXR parts. 

Name  and  Appearance 

CONNECT NO. switch I 

CONNECT NO. 

Offset control I 

OFFSET 

Gain control I 

GAIN 

@ 

Description 
Used to specify to which  input  of  the A616TD the AGOMXR output is 
connected. 
Setting  range: 0 to 7 

Used to make  microadjustments of the  offset  value,  which  is  selected 
.)y the  setting  pins S17 and S18 in  the  module. 
:or further  details,  refer to Section 6.1.4, OffseVGain Settings. 

Jsed to make  microadjustments of the gain  value, which is selected 
~y the  setting  pins S17 and S18 in the  module. 
:or further  details,  refer to Section 6.1.4,  OffseVGain Settings. 
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Name and  Appearance 

Offsetlgain  setting  pins 

S18 S17 

4nalog  input select switches 

! sw1 0 m 
sw2 

Fxtension  cable connectors 1 

Description 

Set the S17 and S18 offsetlgain  setting  pins in accordance with  the 
analog input voltage/current  range  and  the  setting of  the A616TD 
offsetlgain  setting  pins. 
For further details, refer to Section 3.4.1 (2) , AGOMX and AGOMXR 
Input Characteristics. 
Set to "1"  on shipment  from factory. 

Used to select the  type  of analog input  (voltage  or  current)  of each 
channel (CH 0 to F). 

OFF: Voltage input setting 
ON : Current input setting 

Set to OFF on shipment  from factory. 

Connection  cable to other AGOMX and/or AGOMXR modules  inserted 
next to the AGOMXR to increase the  number  of channels. 
The extension cable may  be connected to either  connector. 
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6. ANALOG/DIGITAL CONVERSION FUNCTIONS 

6.1.4 OfFset/Gain microadjustment 

The relationship  between  analog input values and output values is 
determined  by  setting  the  offsetlgain  setting  pins to select one  of 
the  predetermined I/O characteristics to suit  the  analog input 
range. The I/O characteristics set with  the offsetlgain  setting  pins 
differ  slightly  between  modules  depending  on  the  ambient 
temperature and variations in N D  converter characteristics, etc. 
The modules are microadjusted in the  factory to eliminate these 
slight differences. 

Select  the  digital 
value  display 
module 

Select the  digital 
value  display 
channel 

Setting data set- 
ting request 

Offset  microad- 
justment 

Gain  microad- 
justment 

Set the A616TD  INPUT switch 
to  the CNT  NO. switch  setting 

test input is made. 
of the  module  to  which  the 

_ _  _ _  

+ 
Set the A616TD MX CH. 
switch  to 0 channel. 

- - - -  
+ 

Write  "1"  to  buffer  memorv 

Refer to 
Section 4.3.1. 

Refer to 
Section 4.3.1. 

Refer to 
Section 5.4.5. 

Apply  a  test  (offset)  voltage 
or  current to  the A6OMX or 
A6OMXR channel 0. 

-1 

I 
I 

4 Refer to 
Adjust  the OFFSET control , until  the  digital  value  on  the 
LED display  corresponds to 
the  offset  value. + 
Apply a test (gain)  voltage  or 
current  to  the A6OMX or 

I A6OMXR channel 0. 
-1 

I 
t Refer to 

Adiust  the  GAIN  control  until Section 6.1.6. 
the  digital value on  the LED 
display  corresponds to the 

-1 
gain  value. 

comDlete 

Fig. 6.1 OffsetIGain  Microadjustment  Procedure 
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6.1.5 Offset microadjustment 
Carry out  the  microadjustment  using  the OFFSET control  on  the 
front  of  the  module. 
Apply a test  voltage  or  current  which corresponds to  the offset 
value of  the I/O characteristic which is selected with the analog 
input select switches and the  offsetlgain  setting  pins. 
Adjust  the OFFSET control  until  the  digital value displayed on  the 
LED’s on the front  of the  module matches the  digital value 
corresponding to  the analog test voltage or current  being  input. 

~ 

AGWX, AGOMXR [ AGOMX/AGOMXR Analog  Input Select Switch  Position 
O h t / g a i n  a n g  pin  setting I V I 

S17  S18 \Test voltane (VI1 Digital  value hest CUM (rnA]( Digital  value 
1 

0 2 1 a n n 
0 0 0 0 1 

~~ 

- 
3 

2000 0 2000 0 3 1 
2000 0 2000 0 3 4 
0 4 0 1 2 

Table  6.1 AGOMX and AGOMXR Test  Voltages,  Currents  and  Digital  Values 

Example 
Set the AGOMX or AGOMXR offsetlgain  setting  pins S17 to “2” and 
S18 to “1“ and set the AGOMX or AGOMXR analog input select 
switch to the “V“ position. 
Apply a test voltage of OV to  the AGOMX or AGOMXR channel 0 and 
adjust  the OFFSET control until the LED display  indicates  the  value “0”. 

6.1.6 Gain  microadjustment 
Carry out  the  microadjustment  using  the GAIN control  on  the  front 
of  the  module. 
Apply a test voltage or current  which corresponds to  the gain 
value of  the I/O characteristic which is selected with  the analog 
input select switches and the  offsetlgain  setting  pins. 
Adjust  the GAIN control  until  the  digital value displayed on  the 
LED’s on  the  front  of  the  module matches the  digital value 
corresponding to  the analog test  voltage  or  current  being  input. 

AGOMX,  AGOMXR I AGOMX/A60MXR  Analog Input Select Switch  Position 
Offtetlgain  setting  pin  setting I V I 

S17  S18 (Test vottage (Wl Digital  value besi current (mAl Digital  value 
1 1 10 4000 20 2000 
2 1 5 4000 20 40 00 
3 2 5 4000 20 4000 
4 3 10  4000 20 3000 
1 3 5 4000 20 4000 

Table  6.2 AGOMX and A6OMXR Test  Voltages,  Currents  and  Digital  Values 

Example 
Set the AGOMX or AGOMXR offsetlgain  setting  pins S17 to “1” and 
S18 to ”1” and set the AGOMX or AGOMXR analog input select 
switch to the “V“ position. 
Apply a test voltage of 1OV to the AGOMX or AGOMXR channel 0 
and adjust  the GAIN control  until  the LED display  indicates  the 
value “4000”. 
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6.1.7 Wiring instructions 

(1) Wiring example for a stand-alone A616TD module 
An  example  of a voltage input  for  the A616TD is shown  below. 

A61 6TD 
Signal source 

I I 
I I 

*1 Use only  two-core  twisted  shield  wire. 
*2 If noise  or  ripple is generated in the  external  wiring,  connect a 

an approx. 0.1 to 0.47 p F 25WV capacitor  between  the -I- and 
- terminals. 

*3 The FG terminals of the  power  supply  module  must be 
grounded. 

*4 Always  connect  the A616TD FG terminal to the  power  supply 
module FG terminal. 



6. ANALOGIDIGITAL CONVERSION FUNCTIONS 

(2) Wiring  example  for an  A616TD connected to an  A6OMX or 
AGOMXR module 
Examples are shown  below for voltage  and  current  inputs to 
the A616TD connected to an  A6OMX or A6OMXR module. 

(a) Voltage input 

I 
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6. ANALOG/DIGITAL  CONVERSION FUNCTIONS 

6.2  Programming Procedure 
An A616TD analog/digital  conversion  program  is written accord- 
ing  to  the  following procedure: 

Start 

...*.. {Refer to Section 6.2.1. 
format and A/D conversion  enableldisable. 

Read A/D conversion  value I ...... {Refer to Section 6.2.2. 

6.2.1 Initial setting 
The initial setting  program  shown  below  must be included  before 
any program to read digital  output values. 

Output data format settings 
i 
I 
I 

Refer to Section 6.2.1 (1). 

Refer to Section 6.2.1 (2). 

I !  TOP HO H18 I K1 Refer to Section 5.4.5. 

In cases where a combination  of  temperature/digital  conversion 
and analog/digital  conversion  is to be carried out, write  both  the 
initial data for  the  temperature/digital  conversion and that  for  the 
analog/digital  conversion to the  buffer memory and then  finally 
execute the set data setting request once only. 

(1) Setting  the data format Set the A/D conversion output data 
format  (whether  the  output values are to be in the  form -48 to 
4057 or -2048 to 2047) for each  A616TD  INPUT channel and 
write  the data to  the buffer memory address "0." 

(a) Default values are written  to address OH to set the "-48 to 
4047" data format  for all INPUT channels when  the  power 

- supply is turned  on or the PC CPU reset. 
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(b) The 16-bit configuration  of  the  memory area is  shown 
below. 

b15  b14  b13  b12 b l l  b10  b9 b8 b7 b6 b5 b4 b3 b2 b l  W 

INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPU 
F E D C B A 9 8 7 6 5 4 3 2 1 0  

Address OH 0: -48 to 4047 data  format 
1: -2048 to 2047 data  format  

(c) The data format is fixed at the -48 to 4047 data format  for 
INPUT channels to which a A616TD module  is attached. 
Any  other set data for these channels is  ignored. 

POINT I 
No setting is required  if the -48 to 4047 data  format is to 
be used  for all INPUT channels. 

(2) Specifying A/D conversion enable/disable 
Write "0" or  "1 ", respectively, to  the buffer memory addresses 
F H  to 17" to disable or enable A/D conversion for each  A61 6TD, 
A6OMX and A6OMXR channel. 
Refer to Section 5.4.2 if  the  modules are to connected to 
A6OMXT to carry out  both  temperature/digital  conversion and 
analog/digital  conversion. 
(a) Default values are written  when  the  power  supply  is  turned 

on  or  the PC CPU reset to enable conversion for all 
channels. 

(b) The 16-bit configuration  of  the  memory area is shown 
below. 

b15  b14  b13  b12 b l l  b10  b9 b8 b7 b6 b5 b4 b3 b2 b l  W 

I 

0: Conversion  disabled 
1 : Conversion  enabled 

(c) The setting area of  buffer memory addresses F H  to 17H is 

Address 
configured as follows. 

FH 

CNT. No. 1 MX CX. 0 to F Channel  conversion enablddisable settina area 1 1 ~  
CNT. No. 0 MX CX. 0 to F Channel  conversion enablddisable setting  area 1 0 ~  
A616TD INPUT 0 to F Channel  conversion enablddisable setting  area 

~ ~~ ~~ 

" 
12H I CNT. No. 2 MX CX. 0 to F Channel  conversion enablddisable settina  area I 
1 3 ~  

CNT.  No. 4 MX CX. 0 F-.Chagnet  conive6bri enaHddisable setting area 1 4 ~  
CNT.  No. 3 MX CX. 0 to F Channel  conversion enablddisable setting area 

CNT. No. 5 MX CX. 0 to F Channel  conversion enablddisable setting area 1 5 ~  
CNT. No. 6 MX CX. 0 to F Channel  conversion enablddisable setting area 
CNT. No. 7 MX CX. 0 to F Chdnnel  conversion enablddisable setting  area 

POINT I 
(1) The sampling period decreases the more the number 

of  channels  for which A/D conversion is enabled. 
(2) "0" (conversion  disable)  is  automatically written to the 

area  for  channels  which  are not connected to AGOMX[:I. 
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6.2.2 Reading the digital output values 
The analog values input  to  the A616TD,  A6OMX and A6OMXR 
channels are sampled and N D  conversion  carried out  for each 
channel. The digital  output values are stored  for each channel in 
the  buffer  memory. 
The digital  output  value can be read by  the PC CPU for any channel 

specifying  the  buffer memory address. 
Two  types of area are used to store the  digital  output  values: 
the A616TD  INPUT channel storage area and AGOMX and 
AGOMXR MX CH. channel storage area. 
The 16-bit configuration  of  both  types of memory area is 
shown  below. 

b15  b14  b13  b12 b l l  b10  b9 b8 b7 b6 b5 b4 b3 b2 b l  b0 

110 I 
Data  area 

L L  b l l  to b14  are "1"  for a negative  value  (b15=1) 
and "0" for a positive  value  (b15=0) 

Sign  bit - 
1 : negative 
0: positive 

(Negative  values are expressed as 
two's  complements.) 

The data stored in the INPUT channel storage area differs 
depending  on  whether  the channel is connected to an external 
sensor or to an AGOMX or AGOMXR module. 
(a) If an external sensor is connected 

The digital value converted from  the analog  value input 
from  the external sensor is  stored in  the  memory area. 

The digital value converted from  the analog value input 
from  the external sensor connected to the MX CH. 0 
channel of  the AGOMX or AGOMXR is stored in the  memory 
area. 

(b) If an AGOMX or AGOMXR module is connected 

Address 
The relationship  between  the 
area  addresses and  channel 
numbers is as follows: 

73H I INPUT 3  digital  output  value I 

77H 
INPUT 8 digital  output  value 7 8 ~  
INPUT 7  digital  output  value 

7% I INPUT 9  digital  output  value 1 

~ Address 

1 -INPUT NO. (0 to F) 
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Example 

A61 6TD 
CNT. No.0 CNT.  No.1 

AGOMX 

0 0  

OLT 

AGOMX and AGOMXR modules are 
connected to channels 0 and 1 of  the 
A616TD and an external sensor is 
connected to channel 8. 
The  data is  stored in  the addresses  as 
follows: 

Address 70H: digital value from 
channel 0 of  the AGOMX connected 
to CNT.  NO. 0. 
Address 71H: digital value from 
channel 0 of  the AGOMXR con- 

A ,) OUT? I / Address nected to 78H: CNT. digital NO. value 1.  A/D con- 
External sensor verted from  the analog  value re- 

ceived from  the external sensor. 

(4) Digital values A/D converted from  the analog values received 
from external sensors connected to  the AGOMX and AGOMXR 
channels are stored in the  MX CH. channel storage area for 
each channel. 
Address 

1 8 0 ~  
1 8 1 ~  
1 8 2 ~  

to 
1 ~ F H  
19oH 
191H 
1 9 2 ~  

to 

MX CH. 0 Digital  output  value 
MX CH. 1 Digital  output  value 

CNT. No. 0 MX CH. 2 Digital  output value 

I MX CH. F Diaital o u t w t  value I 
I MX CH. 0 Digital  output  value I 

MX CH. 1 Digital  output value 
CNT. No. 1 MX CH. 2 Digital  output  value 

1 ~ F H  MX CH. F Digital  output  value 
tn _- I 

1 FOH MX CH. 0 
~ ~~ ~ 

Digital  output value 
I MX CH. 1 Diaital outDut value I - 

CNT.  No. 7 MX CH. 2 Digital  output value 

1 MX CH. F Digital  output value 

The relationship  between  the area  addresses and 
channel numbers  is as follows: 

Address 

MX CH. (0 to F) 
( 8 ~  4- CNT. NO.  (0  to 7)) 

Example 
Address of  MX CH. 2 of  the CNT  NO.  7  AGOMXT 
module: 

MX CH. 2 
8 H  + 7 H  (CNT. NO. 7) = FH 
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6.2.3 Reading  error  codes 

When  the A616TD detects an error, the corresponding  error code 
is  stored in buffer memory address 1H  as a binary code. 

(1) The stored  error code is upgraded each time an error  is 
detected, and  the  previous  value  is cleared. 

(2) If an error occurs which results in an error code from 01 to 04, 
"1" is written  to  the  bit  of  the buffer memory address 2 H  which 
corresponds to the CNT NO. of the  faulty  module. 
"1" is written  to  this address for  the  appropriate CNT.  NO. 
each time a new  error occurs, and this date remains  stored 
until  the area is cleared. 

1) The 16-bit  configuration of the  memory area is  shown 
below. 

b15  b14  b13  b12 b l l  b10 b9 b8 b7 b6  b5 b4 b3 b2 b l  bO 

:M.No. 
F E D C B A 9 8 7 6 5 4 3 2 1 0  

CNT.No. CNT.No. CNT.No.  CNT.No. CM.No. CNT.No.  CNT.No. CM.No. CNT.No.  CNT.No. CNT.No. CM.No. CNT.No. CNT.No. CM.No. 

0: Normal 
1: Discontinuity  or  out-of-range 

4 6.2.4  Clearing the error  code  area 

(1) This data remains  stored in buffer memory after the causes of 
the  faults have been corrected. Write "0" to the  buffer memory 
addresses lH and 2H with a sequence program to clear the error 
data. 

6-14 
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7. TROUBLESHOOTING 

7. TROUBLESHOOTING 

7.1 Error Code List 

When an error occurs during use of the A616TD and A6OMXT/ 
AGOMNAGOMXR, the  corresponding  error code is  indicated on  the 
LED display. The error code is a 16-bit  binary and is written to the 
error code area (address lH). 
The table of error codes is shown  below. 

Description 

(1)  Multiolexer  module  is  faultv  or  incor- 1 

~ ~- 

A61mD Operation Em- hiq 'RUN' LED 
. .  

(2)  Extension cable  is faulty  or  incorrect- Off is not executed. rectly  loaded. 

ly connected. 

When power 
turned on :ard data error 01,  07 

Error  when  one  of  the following occurs 
during N D  conversion: 
(1 )  Multiplex  module  removed  from 

(2)  Extension cable disconnected from 
base. 

(3) Positions of discontinuity  detection 
module. 

enable  /disable  setting Dins or Processing stops. 
Multiplex 
module 

removed 
02 off Always 

changed  after  power  supply  turned 
measurement  range  setting  pins 

(4) AGOMX,  AGOMXR or AGOMXT CON- 
on. 

NECT NO. switch  setting  changed 
after Dower SUDD~V turned on. 

:ONNECT NO. 
switch  setting 

error 
When  power 

turned  on 
CNT.  NO. switch of any multiplex  mod- 

0 to 7. 
Off ~ ~ ~ ~ v ~ ~ ~ i ~ ~   ob^^^^^^^^; ule has been set to  a  position  other  than 

Module set to Other than 0-7: 

continues. 
03 

Measurement 
range  setting 

error 

I Modules set to value  other  than I I 
AGOMXT measurement  range set to 
value  other  than  1 to 4. :x2u;'idyD is not 

Modules set to value 1 to 4: 
I Flicker I When  power 

turned  on 04 

I processing  continues. I I 
3uffer memory 
write  disable 

error 
10 

Data  has  been written  from the PC  CPU 
to the  buffer memory read-only area. 
(Addresses 4~. 70 to ~ F H ,  180 to  27F~) 

Processing continues. 

The value  written to the  buffer  memo? 
set data  setting  request area is  not " 1  . At  initial  setting: N D  conversion 

memory set  data setting  request area sing  continues  under  previous 
"1" continuously  written  to  the  buffer ~~~i~~ conversion: proces- 

with  the TO instruction  during N D  con- 
version. 

conditions, 

N D  conversion data cannot  be  written to 
the buffer memory due to an  excess of Processing continues. 
FROM and TO instructions. 

is  not  executed. 

execution 

12 
Set  data 
setting 

request  error 

On TO 
Flicker I instruction 

t execution 

Flicker Always 

13 

3uffer memory 
transfer  error 30 

Thermocouple 
type  setting 

error 
The thermocouple  type  written  to  buffer 

processing  continues. ~~ 

data setting Channels  set to value 1 to 8: memory has a value  other  than 1 to 8. 

Channels  set to value  other  than 
1 to 8: Processing interrupted. On a set 

request 

Table 7.1 Error Code List 

70 

POINT 1 
(1) To  clear the error  code  area  (address 1"). write 0 from 

the PC CPU.  (For  details,  see  Section 5.12 and 6.2.4.) 
(2) The buffer memory  data at  the occurrence  of  any  error 

is retained. 

7- 1 



7. TROUBLESHOOTING 

7.2  Troubleshooting 

Troubleshooting  procedures  for use of  the 
below. For problems  relating to  the CPU 
corresponding CPU module user's manual. 

A616TD are given 
module, see the 

7.2.1 General  troubleshooting 

I Symptom I I Remedy / 
(1) "RUN" LED status 

"RUN" LED flickering I c3 (- Section 7.2.2 7 

"RUN" LED off I c3 Section 7.2.3 

(2) CPU module status 

Error code in special register D9008 I c3 Section 7.2.4 

CPU module  in "SP. UNIT  DOWN" I 0 Section 7.2.5 

I CPU module in "SP. UNIT ERROR" I C 3  ( Section 7.2.6 ) 
I I 

I CPU module in "CONTROL-BUS  ERR." I C 3  ( Section 7.2.7 1 
I I 

Digital value unreadable from CPU. I cn Section 7.2.8 3 
(3) A616TD-CPU module  input  signal status 

section 7.2.9 3 Watch-dog timer (WDT) error  signal (XO) is  on. I c3 
A/D conversion  ready  signal (X l )  is on. c3 
Discontinuity  error detected signal  (X3) or detected temperature output 
value  out-of-range  signal  (X5)  is on. 

Section 7.2.1 1 

Digital  output  value  out-of-range  error detected signal  (X4)  is on. 1 Section 7.2.1 2 

Detected temperature  value LED display request signal (Y10) is on. I 9 



7. TROUBLESHOOTING 

(4) A616TD LED  display  status 

Rapid fluctuations of digital  output  value  during temperature sensor input. 

Rapid fluctuations  of  digital  output  value  during analog  input. I 
Error code indicated on  the LED display. I 

(5) A616TD N D  conversion status 

No correlation  between  temperature sensor input  value  and  digital  output 
value. 

No correlation  between analog input value and  digital  output value. 1 
Constant digital  output value deviation  from reference value  during 
temperature sensor input. 

Constant digital  output  value  deviation  from reference value  during analog 
input. 

1~ Error compensation  is  abnormal. 
~~ 

I Remedy 

( section 7.2.14 3 

Section 7.2.15 

Section 7.2.16 > 

( Section7.2.17 > 

C section 7.2.18 7 

Section 7.2.19 

Section 7.2.20 

( section 7.2.21 J 
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7. TROUBLESHOOTING 

7.2.2 "RUN" LED flickering . 
"RUN" LED flickering 

4 

-4 

displayed on LED 

YES Set  A6OMXT measurement range to acceptable - value ( 1  to 4). Refer to Section 4.4. 

YES Correct the sequence program.  An  attempt  was 
c made to  write  to a read-only memory area 

address. 

YES Correct the sequence program.  Write  correct 
values to  the setting  data  setting  request area. 
Refer to Section 5.4.5. 

13 displayed? 
A " 1 "  was  written  to  the setting data setting 
request area during N D  conversion  with  no 

YES 
~ 

Correct the sequence program. Reduce the 
frequency of FROM and TO instructions. 

YES values to  the thermocouple  type  setting area (0 
to 8). Refer to Section 5.4.1. 

A616TD hardware  fault. 
Return to  your nearest Mitsubishi 
representative or branch, giving 
details of fault. 

7-4 
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7. TROUBLESHOOTING 

7.2.3 "RUN' LED off 

( The  "RUN' LED is off. 1 
1 

watch-dog  timer 

I i0  
extension  cable 

to the  module? 
Correctly  connect  the  extension  cable to the  module. I 

or AGOMXR correctly NO Correctly  load  the AGOMXT,  AGOMX or AGOMXR in the 
base unit. 

I 

m 
Error  code 

display? 

the  extension 
cable,  reset the ACPU. Is the 

Defective  extension cable. Return to Your  nearest 
Mitsubishi  representative  or branch, giving  details  of 
fault. I 01 error  code  display 

cleared? 

the AGOMXT, 
~ I AUIMXT, AGOMX or AGOMXR hardware defect. Re- 

I /with  another  module  of  the same\YES A ?: tulll to your  nearest  Mitsubishi  representative  or 
branch,  giving  details  of  fault. 

extension  cable Correctly  connect  the  extension  cable to the  module. I 

Correctly  load  the AGOMXT,  AGOMX or AGOMXR in  the 
base unit. 
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number 03 indicated YES Set the AGOMXT, A H "  and AGOMXR CONNECT 
on  the LED display NO. switched  to  the  correct  values (0 - 7). 

40 

detection  enable  switch  or  the  measurement  range 
Do not  change  the  settings  of  the  discontinuity 

setting  pin  after  the  power is turned  on. 
Reset the ACPU. 

switches  after  the  power  is turned on. 
Do not  change  the  settings of the CONNECT  No. 

switch  changed  after  the Reset the ACPU. 
power  was  turned 

\ code  display / - v cleared? 

Calculate  the  power  consumption  of  all  modules  and 
redesign  module  configuration. 

A616TD hardware  defect.  Return  to  your  nearest 
Mitsubishi  representative  or  branch,  giving  details  of 
fault. 

A Reolace < . . _ r  

the ACPU with  another 

the 'RUN" LED 

~~ ~ 

ACPU hardware  defect.  Return  to  your  nearest  Mitsu- 
bishi  representative  or  branch,  giving  details  of  fault. ACPU and  reset  the ACPU. D 

\ light? 

your  nearest  Mitsubishi  representative 

7 -6 
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7.2.4 Error  code in special  register D9008 
Is an error  code  stored 

in  special  register D9008? 

/ \ 

40 in D9008? 

c 

I 

Delete 
the A616TD  FROM  A616TD hardware  defect.  Return to  your nearest 

Mitsubishi  representative or branch, giving  details of ACPU. Is error  code 40 cleared fnlllt I 

Mitsubishi  representative or branch,  giving  details  of 
Special unit  hardware  defect.  Return to your nearest 

fault. 

ACPU hardware  defect.  Return to  your nearest Mitsu- 
bishi  representative  or  branch,  giving  details  of  fault. 

A616TD hardware  defect.  Return to  your nearest 
Mitsubishi  representative  or  branch,  giving  details  of 
fault. 

A616TD). Follow  procedure to deter- 
Hardware  defect  of  special  unit (not 

turn  to  your nearest  Mitsubishi  repre- 
mine  which  module is defective. Re- 

fault. 
sentative or branch,  giving  details  of 

1 

YES 
peripheral  device. Check and  correct  the FROM and * Read the  faulty  step  of  the sequence program  with  a 

TO instructions at the  faulty step. 

The error  is  not  related  to  the A616TD. 

al for details. 
Refer to the A Series CPU User‘s Manu- 

7-7 
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7.2.5 CPU module  "SP. UNIT  DOWN" error 

occurred in CPU module. 
"SP. UNIT DOWN"  error 

A616TD  FROM and TO  YES 
Mitsubishi  representative  or  branch,  giving  details Of + 
A616TD hardware  defect.  Return to your nearest 

fault. 

Hardware  defect  of  special unit  (not 
A616TD). Follow  procedure to deter- 
mine  which  module  is  defective. Re- 
turn  to  your nearest  Mitsubishi  repre- 
sentative or branch, giving details of 
fault. 

7.2.6 CPU module  "SP. UNIT ERROR"  error 

Read the  faulty  step  of  the sequence program  with a 
peripheral  device. Check and  correct  the FROM and 
TO instructions at the  faultv steD. 

7.2.7 CPU module "CONTROL-BUS ERROR"  error 

"CONTROL-BUS ERROR" error 
occurred in CPU module. --, 

the  special unit YES A616TD hardware  defect.  Return to  your nearest 
-e 

fault. 
Mitsubishi  representative  or  branch,  giving  details  of 

L 

the FROM and TO 
YES Special unit hardware  defect.  Return to your  nearest 

-W 
fault. 
Mitsubishi  representative or branch,  giving  details  of 

A Delete < the FROM and TO 
instructions from  a special YES 
the ACPU. Is error  code 40 fault. 

Special unit hardware  defect.  Return to your  nearest 
unit apart from the A616TD a -W Mitsubishi  representative or branch,  giving  details  of 

cleared  when  the  run v is restarted? 

Base unit  hardware  defect.  Return to 
your  nearest  Mitsubishi  representative 
or branch,  aivina  details of fault. 

ACPU hardware  defect.  Return to  your nearest  Mitsu- 
bishi  representative or branch, giving  details of fault. 
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7.2.8 CPU unable to read digital output value 

CPU unable to read 

Write " 1 "  to the data setting  request area, Refer to 
Sections 5.4.5 and 6.2.1. 

YES 

Enable N D  conversion. Refer to Sections 5.4.2 and 
6.2.1. 

Refer to the  wiring  examples  in  Sections 4.7 and 
6.1.7. 

the  extension  cable 
Replace 

and reset the ACPU. Is the CPU 
able to read  digital 

Defective extension cable. Return to your nearest 
Mitsubishi  representative  or branch, giving  details  of 
fault. 

Replace 

AWMXT,  AWMX or  AWMXR  hardware defect. Re- 
turn to your nearest Mitsubishi  representative  or 
branch,  giving  details  of  fault. 

read  the  digital  output A 

\ 

i 

i 

Replace 
I 

read digital  output 
value? 

your nearest Mitsubishi  representative 

I 
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P 

4 

Error  code 
displayed  on LED 

YES Set AWMXT, AWMX and AGOMXR  CONNECT No. 
switch  settings to correct  values (0 to 7)  

YES Set AWMXT measurement  range to acceptable  value 
(1 to 4). Refer to Section 4.4. 

YES 
to  write  to  a read-only memory storage area  address. 
Correct  the sequence program.  An  attempt  was  made 

YES 
Correct  the sequence program.  Write  correct  values . to the  setting  data  setting  request area.  Reter to 
Sections 5.4.5 and 6.2.1. 

YES Correct  the sequence program. A "1" was  written to * 
the  setting data setting  request area. 

Correct  the sequence program. Reduce the  frequency 
of FROM and TO instructions. 

L 

IN0 
YES Correct  the sequence program.  Write  correct  values 

* to the  thermocouple  type  setting area (0 to 8). Refer to 
Section 5.4.1. 

NO 

7 

Return to your  nearest  Mitsubishi  rep- 
resentative  or  branch,  giving  details of 
fault. 



7. TROUBLESHOOTING 

9 

the  frequency  of 
FROM and TO instructions  in 

the sequence program  and reset the Complete 

when  the  run is 
I 

restarted? 

nearest  Mitsubishi  representative  or branch, 
giving details  of  fault. 

iNO 

Return to your nearest  Mitsubishi  representa- 
tive  or branch, giving  details  of  fault. 

Correctly  load  the AGOMXT,  AGOMX or 
AGOMXR in the base unit. 

7-1 1 
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4 

Do not  change the  settings of  the  discontinuity 
detection  enable  switch  or  the  measurement  range 
setting pin after  the power  is  turned on. 

branch, giving details  of  fault. 

Calculate the  power  consumption of all  modules. 
Select a  new  power  supply  module  or increase 
number  of  power  supply  modules. 

loaded in the  base unit 

the A616TD module A616TD hardware  defect.  Return to  your nearest 
Mitsubishi representative  or  branch, giving details  of 
fault. v light? 

ACPU hardware  defect.  Return  to  your  nearest  Mitsu- 
bishi representative  or  branch, giving details of fault. the "RUN" LED 

Base unit  hardware  defect.  Return to 
your nearest Mitsubishi representative 
or  branch, giving details of fault. 
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7.2.9 Watch-dog timer  (WDT) error  signal (XO) on 

0 Xo is on 

instructions  in the se YtS 
Complete I 

run is restarted? 

NO 

A616TD hardware  defect.  Return 
to  your nearest  Mitsubishi  repre- 
sentative  or  branch, giving details 
of  fault. 

7.2.10 READY signal (X l )  remains off 

X1 remains off 

written  to  the data 
setting  request area after  the 

the ACPU was 

NO . Write "1" to the data setting  request area.  Refer 
to Sections 5.4.5 and 6.2.1. 

watch-dog  error YES . Correct  the  sequence  pro  ram. Reduce the 
frequency  of m] and & instructions. 

IN0 
1 A616TD hardware defect. Return 

to your  nearest  Mitsubishi  repre- 
sentative  or branch, giving  details 
of  fault. 

, 

I 
f 

c 
7-1 3 

J 
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7.2.11 Discontinuity error detected (X3) or detected  temperature  output value out-of-range 
(X5) signal  on 

X3 or X5 is on 

to  the buffer memory 
Is "1" written 

Is "1" written 

detected temperature  value No c nearest Mitsubishi representative or branch, 
A616TD hardware defect. Return to  your, 

out-of-range  channel giving details  of  fault. 

TYES 

Is discontinuity 
detection  enabled? 

10 
to specify discontinuity 

Are the switches 

detection channels  set No 4 Set switches  correctly. Refer to Section 4.5. I 

setting  program to  Write correct values to the  discontinuity detec- 
enable discontinuity 

No * tion enable/disable designation area.  Refer to 
detection  correct?  Section 5.4.3. 

between  the  thermocouples, 
loose  connections NO 

Tighten  the connector screws. I 
A Are  there  any 

loose  connections NO 
Tighten  the connector screws. I 

I 

found  with a conduction 
Are  discontinuities 

thermocouples? 
check of the Replace the thermocouples. 1 

7-14 
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Is the measurement NO 
range set correctly? . Set the measurement code to an acceptable 

number. Refer to Section 4.4. 

of  the  object  to  be  measured. 
YES Problem  not  related to A616TD.  Check other 

Does the  temperature e temperature  control  equipment. 

measurement 

1 

Replace  the AGOMXT 
module  with  another YES 

nearest Mitsubishi  representative  or branch, m 
A6OMXT hardware defect. Return to your 

giving details of fault. 

1 
A616TD hardware 
to  vour nearest Mitsubishi  reme- 
sentative or branch, giving details 
of fault. I 

f 

f 
\ 

i 

I 

c 
7-1 5 ( 

I 
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7.2.12 Digital output value out-of-range signal (X4) on 

Are  X3 or X5  On?  Refer to 7.2.1  1. I 

Complete I 

module  with another A6OMXT hardware  defect.  Return to your 
nearest Mitsubishi representative or  branch, 
giving details of fault: 

A616TD hardware  defect.  Return 
to your nearest Mitsubishi repre- 
sentative or branch, giving details 
of fault. 

7.2.13  Detected  temperature value not  indicated if detected  temperature value LED  display 
request signal (Y10)  turns on 

the detected  temperature  value 

Is the temperature 
sensor input channel NO - The  analog input channel is displayed. 

Reset the temperature  sensor input channel. 7 Reset the temperature  sensor input channel. 
IIac aluauvg input channel is displayed. I 

A616TD hardware  defect.  Return 
to your nearest Mitsubishi repre- 
sentative or branch, giving details 
of fault. 
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7.2.14 Rapid fluctuations of digital  output value or detected temperature value during 
temperature sensor input ,/ 

Digital  output  value  or 
detected  temperature  value 

Replace the compensation leads with shielded - compensation leads. leads  shielded? 

Connect the  shield  leads  of  the  compensation 
leads to  the AGOMX  FG terminals. 

Are  the AGOMX  FG Ground  the AGOMX  FG terminals  grounded. 

1 YES 

A 
YES AGOMXT hardware defect. Return to  your 

narrnr+ NA:tsubishi  representative  or  branch, 
lils  of  fault. 

- 1  Ilcalcat ISII 

giving deta 

I No 

to  your nearest  Mitsubishi  reere- 
sentative  or branch, giving  details 
of  fault. I 

I 
J 
G, 

B 1 

c 
I 

c 
- .  
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7.2.15 Digital output value fluctuates rapidly during analog input 

Digital  output  value 
fluctuates  rapidly. 

source  connected  to  the NO 
A W M X T ,   A W M X  or 

AWMXR  normal? 

Replace  the  signal  source. J 

lead  of  the  signal 
Is the  shield 

NO Connect  the  shield  to  the  AG  terminal.  Refer to 
source  cable  connected  Section 6.1.7. 

supply  module FG terminal. 
terminal   to  the  power 

Does  the  digital  output 
value  st i l l   f luctuate 

Complete I 

output  value  sti l l   f luctuate 
Does  the  digital 

rapidly  if  the FG terminal Complete 1 

Connect  a  capacitor 
as a  noise  filter  between 

the  input  terminals.  Complete 
Does  the  digital  output I 

another  module  of  the  same YES A W M X   o r  A6OMXR  hardware  defect.  Return  to  your 
nearest  Mitsubishi  representative  or  branch,  giving type and  reset  the ACPU. 

Does  the  digital  output 

1 

A616TD  hardware  defect.  Return  to 
your  nearest  Mitsubishi  representative 
or  branch,  giving  details  of  fault. 

details  of  fault. 
- -  
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7.2.16 Error  code  indicated on LED  display 

displayed  on  the 
LED display. 

IO 
cable  correctly  connected 

Is  the  extension YES 
I 

cable,  reset  the  ACPU. 
Is the  01  error  code 

display  cleared? 

Defective  extension  cable.  Return to your  nearest 
Mitsubishi  representative  or  branch. giving details  of 
fault. 

AGOMXT.  AGOMX or AGOMXR hardware  defect, Re- 
turn to your  nearest  Mitsubishi  representative  or 
branch, giving details  of  fault. type  and  reset  the ACPU. 

A616TD  hardware  defect.  Return to your  nearest 
Mitsubishi  representative  or  branch, giving details  of 

Is the 01 error  code  fault. 
display  cleared? 

Base unit hardware  defect.  Return to your  nearest - Mitsubishi  representative  or  branch, giving details  of 
fault. 

Correctly  connect  the  extension  cable to the  module. e Are  the  AGOMXT. YES -1 Correctly  load  the AGOMXT,  AGOMX or AGOMXR in the 1 
loaded in the  base unit? base unit. 

A Was the  setting < detection  enable  switch  or 
measurement  range  setting pin setting  pin  after  the  power  is  turned  on. 

of  the  discontinuity  Do  not  change  the  settings  of  the  discontinuity 
detection  enable  switch  or  the  measurement  range 

changed  after  the  power v has turned  on? 

Do  not  change  the  INPUT  swltch  settings  after  the 
power I S  turned  on. after  the  power  was 

7-1 9 
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with another  module  of  the YES AGOMXT, AWMX or AGOMXR hardware  defect. Re- 
m turn  to  your nearest Mitsubishi  representative  or 

branch, giving  details  of  fault. same type  and reset  the ACPU. 
Is the 02 error code 

and  reset  the ACPU. 
A616TD hardware  defect.  Return to your  nearest 

m 
fault. 
Mitsubishi  representative or branch, giving  details of 

Base unit  hardware  defect.  Return to your  nearest 
m 

fault. 
Mitsubishi  representative or branch,  giving  details  of 

I 
Set AGOMXT,  A6OMX and  AWMXR CONNECT No. 
switch  settings to correct  values (0 to 7). 

- Set  AGOMXT measurement  range to acceptable  value - (1 to 4). Refer to Section 4.4. 

Correct  the sequence program.  An  attempt  was  made 
to write to a  conversion-data  read-only memory area 
address. 

Correct  the sequence program.  Write  correct  values - to the  setting  data  setting  request area.  Refer to 
Section 5.4.5. 

displayed? 
Correct  the sequence program. A "1"  was  written 
continuously to the  setting data setting  request area. 

YES - of FROM and TO instructions. 
Correct the sequence program. Reduce the  frequency 

YES Correct the sequence program.  Write  correct  values - to the  thermocouple  type  setting area (0 to 8). Refer to 
Section 5.4.1. 

-, 

A616TD hardware  fault. 
Return to  your nearest  Mitsubishi  rep- 

fault. 
resentative  or  branch,  giving  details  of 



7. TROUBLESHOOTING 

7.2.17 No correlation  between  temperature sensor input value  and digital output value 

No  correlation  between 
temDerature  sensor  inDut 

value  and  digital  output  'value 

1 
A Does settina in 

type  settin 
area agree with the  type 

of  thermocouDle  connected 
NO Write  correct  values to  the  thermocouple  type 

setting area (0 to 8). Refer to Section 5.4.1. I 

- 
the  compensati 

leads  suitable for the  type 
of  thermocouDle? 

NO Use compensation  leads  suitable for  the  type 
of  thermocouple. I 

lYES 

correctly  between  the NO 

and  thermocouples? 

Correct  the  wiring. Refer to the  wiring exam- 
AGOMXT, compensation  leads * ples in Section 4.7. 

correctly  between A616TD,  NO Correct  the wiring. Refer to the  wiring exam- 
A6OMXT and A6OMX ples in Sections 2.3 and 4.7. 

A Does the A60M 
/ CONNECT  NO. switch \ L,n 

setting  match  the INPUT 
No. connected to 

the A616TD? 

I Y U  JCL tllc PwOMXT CONNECT  NO. switch  to  the 
INPUT  No. connected to  the A616TD. 

Was error  compensation NO Carry out error  compensation  correctly. Refer 
carried  out  correctly? - to Section 5.5. 

Is error  compensation NO Error  compensation  fault.  Diagnose  according - to Section 7.2.21. 

6" 

P 
i 

I 

J 
I 
* 

i 

c' 
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7. TROUBLESHOOTING 

P 
. 

Are X3 and X5 off? Discontinuity  detection  fault.  Diagnose  accord- 
ing  to Section 7.2.11. 

1"" 
Is x 4  off? NO Digital  output  value  out-of-range.  Diagnose 

according to Section 7.2.12. I 
I I 

YES 

Replace the AGOMXT 
module with another NO 
Is the digital  output giving details of fault. 

A616TD hardware  defect.  Return  to  your 
module  and  reset  the ACPU. w nearest  Mitsubishi  representative  or  branch, 

value normal? 

\ 

AGOMXT hardware  defect.  Return 
to your  nearest  Mitsubishi  repre- 
sentative  or  branch, giving details 
of  fault. 

-. 



7. TROUBLESHOOTING 

7.2.18 No correlation between analog input value and digital output value 

analog  input  value  and 
No correlation  between 

digital  output value. 

Correct the  wiring. Refer to the wiring examples in 
Sections 2.4 and 6.1.7. 

A616TD.  A6OMX  (AGOMXR)  NO Replace the cables. 
sensors normal? 

1 1 modules  and  external 

]YES 

A Does the A6OMX 
/or AGOMXR module CONNEC- . . - - . ... . ~ ~ .  

NO. switch  setting  match Set the AWMX  or AGOMXR module CONNECT  NO. 
the INPUT  No. connected switch to the INPUT No.  connected to the A616TD. 

or AGOMXR module Set the  offsevgain  setting pin  positions  to match  the 
offsetlgain  setting  pin  analog  input  range. Refer to Section 3.4.1. 

positions  correct? 

AGOMXR module  analog NO rn Correct the  switch  setting. Refer to Sections 6.1.2 and inDut  select switches 6.1.3. I 

c 

written  to the data Correct  the  setting. Refer to Section 6.2.1. 
format  setting area? I 

A6OMX  (AGOMXR) 
offsetlgain  microadjustment NO * Correct the  offsevgain  microadjustment. Refer to Section 6.1.4. been  carried  out I I 

another  module of the same NO A616TD hardware  defect.  Return to  your nearest * Mitsubishi  representative  or branch, giving  details of type  and reset the ACPU. 

value  correct? 
Is the  digital  output  fault. 

Return to  your nearest  Mitsubishi  rep- 
resentative or branch,  giving  details of 

7-23 
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7. TROUBLESHOOTING 

7.2.19 Constant digital  output value deviation from reference value during temperature sensor 
input 

Digital  output  value 
always  deviates from 

area agree with  the  type Write  correct  values to the  thermocouple  type 
setting area (0 to 8). Refer to  Section 5.4.1. 

TYES 

v ~ l l l e  t.ullect values to the  thermocouple  type 
setting area (0 to 8). Refer to  Section 5.4.1. 

Are the compensatio 
leads  suitable  for  the tvDe NO Use compensation  leads  suitable  for  the  type 

of  thermocouple. \ of thermocouDle? ‘r/ I I 

detection  settings NO Correct  the  discontinuity  detection  settings. - Refer to  Sections 4.5 and 5.4.3. 

compensation  carried NO Carry out  error  compensation  correctly. Refer * to Section 5.5. 

Error  compensation  fault.  Diagnose  according 
to Section 7.2.21. 

Replace the  A60M - 
module  with another A616TD hardware  defect.  Return  to  your 

module  and  reset  the ACPU. w nearest  Mitsubishi  representative  or  branch, 
Is the  digital  output giving details  of  fault. 

value normal? 

4 AGOMXT hardware  defect.  Return 
to  your nearest  Mitsubishi  repre- 
sentative  or  branch, giving details 
of fault. 



7. TROUBLESHOOTING 

7.2.20 Constant digital output value deviation  from reference  value during analog input 

always  deviates from 
reference  value. 

or AGOMXR module NO Set the  offseffgain  setting pin  positions  to 
* 

3.4.1. 
match  the  analog  input  range. Refer to Section offseffgain  setting pin 

positions  correct? 

AGOMX  (AGOMXR) 
offseffgain  microadjustment 

been  carried out 
NO Correct  the  offseffgain  microadjustment. Refer 

to Section 6.1.4. 

1 YES 

YES 

AGOMX or AGOMXR hardware de- 
fect. Return to  your nearest Mitsu- 
bishi  representative or branch, 
giving details of  fault. 

A 
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7. TROUBLESHOOTING 

7.2.21 Error compensation is abnormal 

Error  compensation 
is abnormal 

NO Correct the channel  setting. Set the A616TD 
switches  and  the AGOMXT INPUT and MX CH. switches  and the A6OMXT 

CONNECT No.  switch  to  the  error compensa- 
tion channel. 

connecting  the  cold- 
NO 

Tighten  the AGOMXT terminal  screws. 
junction  compensation I 

+, connecting  thermocouples NO 

discontinuity  detection 
switches set before 
carrying  out  error 

Set the  discontinuity  detection  switches  before 
carrying  out  error compensation. 

1 YES 

the  range --4ooo to 
+4000 set in  the NO Set a value in  the range -4000 to 4-4000 set in 

the  error  compensation  setting area. 

module  with another 
module  and  reset  the ACPU. 

Is error  compensation giving details  of  fault. 

YES 
c 

AWMXT  hardware defect. Return to  your 
nearest  Mitsubishi  representative  or  branch, 

I A616TD hardware  defect.  Return 
to  your nearest  Mitsubishi  repre- 
sentative or branch, giving details 

I of  fault. 
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APPENDICES 

Appendix 1 Thermocouple Normal and Overheat  Temperature  Limits 
JIS C1602 - 1981 

Note:  "Normal temperature limit" refers to  the  limit temperature  for  continuous 
operation  of  the  thermocouple in air. 
"Overheat  temperature limit" refers to the limit temperature  exceeding  the 
normal  temperature limit  for short  periods. 

Appendix 2 Temperature Tolerances 
JIS C1602 - 1981 

Tolerance 

Note:  "Tolerance"  refers to  the  maximum  permitted  limit of  the  difference in 
temperature  between  the  temperature  looked  up in a standard  thermoelec- 
tromotive force  table  corresponding  to  the  thermoelectromotive force, and 
the  measuring  junction  temperature. 
The tolerance is taken as the larger  of  the  temperature ('C) and  percentage 
(%) values. 
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APPENDICES 

Appendix 3 Thermoelectromotive Force  Tables 

3.1 Standard  thermoelectromotive force tables for type B thermocouples 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DIN43710-1977.) Units : ~1 V 

remperature 
(‘Cl 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
41 0 
420 
430 
440 
450 
460 
470 
480 
490 

0 1 2 3 4 5 6  7 0 9 

0 
-2 
-3 
-2 
-0 

2 
6 

11 
17 
25 
33 
43 
53 
65 
78 
92 

107 
123 
140 
159 
178 
199 
220 
243 
266 
291 
317 
344 
372 
401 
431 
462 
494 
527 
56 1 
596 
632 
669 

746 
786 
827 
870 
913 
957 

1002 
1048 
1095 
1143 
1192 

707 

-0 
-2 
-3 
-2 
-0 

3 
7 

12 
18 
26 
34 
44 
55 
66 
79 
93 

109 
125 
142 
161 
180 
201 
222 
245 
269 
294 
320 
347 
375 
404 
434 
465 
497 
530 
564 
599 
636 
673 
71 1 
750 
790 
832 
874 
917 
9 6 1  

1006 
1052 
1100 
1 1 4 8  
1197 

-0 
-2 
-3 
-2 
-0 

3 
7 

12 
19 
26 
35 
45 
56 
68 
81 
95 

110 
127 
1 4 4  
163 
182 
203 
225 
247 
271 
296 
322 
349 
377 
406 
437 
468 
500 
533 
568 
603 
639 
677 
71 5 
754 
794 
836 
878 
92 1 
966 

101 1 
1057 
1104 
1152 
1202 

-1 
-2 
-3 
-2 

0 
3 
8 

13 
20 
27 
36 
46 
57 
69 
82 
96 

112 
128 
146 
164 
184 
205 
227 
250 
274 
299 
325 
352 
380 
409 
440 
47 1 
503 
537 
57 1 
606 
643 
680 
719 
758 
799 
840 
882 
926 
970 

1015 
1062 
1109 
1157 
1206 

-1 
-2 
-3 
-2 

0 
4 
8 

14 
20 
28 
37 
47 
58 
70 
83 
98 

113 
130 
148 
166 
186 
207 
229 
252 
276 
30 1 
328 
355 
383 
41 2 
443 
474 
507 
540 
575 
610 
647 
684 
723 
762 
803 
844 
887 
930 
975 

1020 
1066 
1114 
1162 
121 1 

-1 
-2 
-2 
-1 

1 
4 
9 

14 
21 
29 
38 
48 
59 
71 
85 
99 

115 
132 
149 
168 
188  
209 
23 1 
254 
279 
304 
330 
358 
386 
41 5 
446 
477 
510 
544 
578 
614 
650 
688 
727 
766 
807 
848 
89 1 
935 
979 

I025 
1071 
1119 
I167 
1216 

-1 
-2 
-2 
-1 

1 
4 
9 

15 
22 
30 
39 
49 
60 
73 
86 

101 
117 
133 
151 
170 
190 
21 1 
234 
257 
281 
307 
333 
360 
389 
41 8 
449 
481 
513 
547 
582 
617 
654 
692 
730 
770 

81 1 
853 
895 
939 
984 

1029 
1076 
1123 
1172 
1221 

-1 
-2 
-2 
-1 

1 
5 

10 
15 
22 
31 
40 
50 
62 
74 
88 

102 
118 
135 
153 
172 
192 
214 
236 
259 
284 
309 
336 
363 
392 
42 1 
452 
484 
517 
550 
585 
62 1 
658 
696 
734 
774 
81 5 
857 
900 
943 
988 

1034 
1081 
1128 
1177 
1226 

-2 
-3 
-2 
-1 

2 
5 

10 
16 
23 
31 
41 
51 
63 
75 
89 

104 
120 
1 37 
155 
174 
194 
21 6 
238 
262 
286 
312 
338 
366 
395 
424 
455 
4.87 
520 
554 
589 
625 
66 1 
699 
738 
778 
819 
86 1 
904 
948 
993 

1039 
1085 
1133 
1182 
1231 

-2 
-3 
-2 
-1 

2 
6 

11 
17 
24 
32 
42 
52 
64 
n 
91 

106 
122 
139 
157 
176 
197 
218 
240 
264 
289 
314 
341 
369 
398 
427 
458 
490 
523 
557 
592 
628 
665 
703 
742 
782 
823 
865 
908 
952 
997 

1043 
1090 
1138 
1187 
1236 

Temperature 
(%I 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 



JIs C1602-1981 (Complying with ANSI MC 96. 1-1975,  BS1041-1966 and DIN43710-1977.) Units : p V 

Temperature 
(‘C) 

500 
510 
520 
530 
540 

550 
560 
570 
580 
590 

600 
610 
620 
630 
640 

650 
660 
670 
680 
690 

700 
710 
no 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 
850 
860 

880 
890 

900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

em 

0 1 2 3 4 5 6 7 0 9 

1241 
1292 
1344 
1397 
1450 

1505 
1560 
1617 
1674 
1732 

1 7 9 1  
1851 
1912 
1974 
2036 

2100 
21 64 
2230 
2296 
2363 

2430 
2499 
2569 
2639 
271 0 

2782 
2855 
2928 
3003 
3078 

31  54 
3231 
3308 
3387 
3466 

3546 
3626 
3708 
3790 
3873 

3957 
4041 
4126 
4212 
4293 

4386 
4474 
4562 
4652 
4742 

1246 
1297 
1349 
1402 
1456 

1510 
1566 
1622 
1680 
1738 

1 797 
1857 
1918 
1980 
2043 

21  06 
2171 
2236 
2302 
2369 

2437 
2506 
2576 
2646 
2717 

2789 
2862 
2936 
3010 
3086 

3162 
3239 
3316 
3395 
3474 

3554 
3634 
371 6 
3798 
3881 

3965 
4049 
41  35 
4220 
4307 

4394 
4483 
457 1 
4661 
475 1 

1252 
1303 
1354 
1 4 0 7  
1 4 6 1  

1516 
1571 
1628 
1685 
1 744 

1803 
1863 
1924 
1986 
2049 

21  13 
2177 
2243 
2309 
2376 

2444 
2513 
2583 
2653 
2724 

2797 
2869 
2943 
3018 
3093 

31  69 
3246 
3324 
3402 
3482 

3562 
3643 
3724 
3806 
3890 

3973 
4058 
4143 
4229 
4316 

4403 
449 1 
4580 
4670 
4760 

1257 
1308 
1360 
1413 
1467 

1521 
1577 
1634 
1691 
1750 

1809 
1869 
1931 
1993 
2055 

2119 
2184 
2249 
231 6 
2383 

245 1 
2520 
2590 
2660 
2732 

2804 
2877 
295 1 
3025 
3101 

3177 
3254 
3332 
3410 
3490 

3570 
3651 
3732 
3815 
3898 

3982 
4066 
41  52 
4238 
4325 

4412 
4500 
4589 
4679 
4769 

1262 
1313 
1365 
1418 
1472 

1527 
1583 
1639 
1697 
1756 

1815 
1875 
1937 
1999 
2062 

21  26 
2190 
2256 
2322 
2390 

2458 
2527 
2597 
2667 
2739 

281 1 
2884 
2958 
3033 
31  08 

3185 
3262 
3340 
3418 
3498 

3578 
3659 
3741 
3823 
3906 

3990 
4075 
41  60 
4246 
4333 
442 1 
4509 
4593 
4688 
4778 

1267 
1318 
1370 
1423 
1477 

1532 
1588 
1645 

1 762 

1821 
1882 
1943 
2005 
2068 

2132 
2197 
2263 
2329 
2396 

2465 
2534 
2604 
2674 
2746 

2818 
2892 
2966 
3040 
31  16 

3192 
3269 
3347 
3426 
3506 

3586 
3667 
3749 
383 1 
391 5 

3999 
4083 
41 69 
4255 
4342 

4430 
4518 
4607 
4697 
4787 

1m3 

1272 
1323 
1375 
1429 
1483 

1538 
1594 
1651 

1767 

1827 
1888 
1949 
201 1 
2074 

2139 
2203 
2269 
2336 
2403 

2472 
2541 
261 1 
2682 
2753 

2826 
2899 
2973 
3048 
31  24 

3200 
3277 
3355 
3434 
3514 

3594 
3675 
3757 
3840 
3923 

4007 
4092 
4177 
4264 
4351 
4438 
4527 
4616 
4706 
4796 

1 m9 

1277 
1328 
1381 
1434 
1 4 8 8  

1544 
1600 
1657 
1715 
1773 

1833 
1894 
1955 
2018 
208 1 

2145 
221 0 
2276 
2343 
241 0 
2478 
2548 
261 8 
2689 
2760 
2833 
2906 
2980 
3055 
3131 

3208 
3285 
3363 
3442 
3522 

3602 
3683 
3765 
3848 
3931 

4016 
4100 
4186 
4272 
4359 
4447 
4536 
4625 
471 5 
4805 

1282 
1334 
1386 
1439 
1494 

1549 
1605 
1662 
1 no 
1779 

1839 
1900 
1 9 6 1  
2024 
2087 

2151 
2216 
2282 
2349 
2417 

2485 
2555 
2625 
2696 
2768 

2840 
2914 
2988 
3063 
31  39 

321 5 
3293 
3371 
3450 
3530 

3610 
3691 
3773 
3856 
3940 

4024 
4109 
41  95 
4281 
4368 
4456 
4545 
4634 
4724 
4 8 1  4 

1287 
1339 
1391 
1445 
1499 

1555 
161 1 
1668 
1726 
1 785 

1845 
1906 
1968 
2030 
2094 

2158 
2223 
2289 
2356 
2424 

2492 
2562 
2632 
2-703 
2775 

2848 
2921 
2995 
3 M O  
3146 

3223 
3301 
3379 
3458 
3538 

3618 
3700 
3782 
3865 
3948 

4032 
41  17 
4203 
4290 
4377 
4465 
4553 
4643 
4733 
4824 

Temperature 
(‘C) 

500 
510 
520 
530 
540 

550 
560 
570 
580 
590 
600 
610 
620 
630 
640 

650 
660 
670 
680 
690 

700 
71 0 
720 
730 
740 

750 
760 
m 
780 
790 

800 
810 
820 
830 
840 
850 
860 

880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

8m 
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JIS C1602-1981 (Complying with ANSI MC 96.  1-1975,  BS1041-1966 and DlN43710-1977.) Units : p V  

remyyture I 1 2 3 4 5 6  7 a 9 

1000 

1030 
501 6 1020 
4924 1010 
4833 

5202  1040 
5109 

1050 5297 
lo60 5391 
1070 5487 
1080 5583 
1090  5680 
1100 5771 
1110 5875 
1120 5973 
1130 6073 
1140 6172 
1150 6273 
1160 6374 
1170 6475 
1180 6577 
1190 6680 
1200 6783 
1210 6887 
1220  6991 
1230 m96 
1240  7202 
1250 7308 
1260 7414 
1 270  7521 
1280 7628 
1290 7736 
1300 7845 
1310 7953 
1320 8063 
1330 8172 
1340 8283 
1350 8393 
1360 8504 

1380 8727 
1390  8839 
1400 8952 
1410 9065 
1420 9178 
1430  929 1 
1440 9405 
1450 951 9 
1460  9634 
1470 9748 
1480 9863 
1440  9979 

1370 8616 

4842 
4933 
5025 
5118 
521 2 
5306 
5401 
5496 
5593 
5689 
5787 
5885 
5983 
6083 
6182 
6283 
6384 
6485 
6588 
6690 
6794 
6898 

71 07 
7212 
731 8 
7425 
7532 
7639 
7747 
7855 
7964 
8074 
8183 
8294 
8404 
851 5 
8627 
8738 
885 1 
8963 
9076 
91 89 
9303 
941 7 

9531 
9645 
9760 
9875 
9990 

mo2 

485 1 
4942 
5035 
51  28 
5221 
531 6 
5410 
5506 
5602 
5699 
5796 
5895 
5993 
6093 
61 92 
6293 
6394 
6496 
6598 
670 1 
6804 
6908 

71 17 
7223 

7012 

7329, 
7435 
7542 
7650 
7758 
7866 
7975 
8085 
81  94 
8305 
841 5 
8526 
8638 
8750 
8862 
8974 
9087 
9201 
931 4 
9428 
9542 
9657 
9771 
9886 

10002 

4860 
4952 
5044 
5137 
5231 
5325 
5420 
551 6 
5612 
5m9 
5806 
5904 
6003 
6102 
6202 
6303 
6404 
6506 
6608 
671 1 
6814 
691 8 

71 28 
7233 
7339 
7446 
7553 
7661 
7769 
7877 
7986 
8096 
8205 
831 6 
8426 
8538 
$649 
8761 
8873 
8986 
9099 
9212 
9326 
9439 
9554 
9668 
9783 
9898 

10013 

m23 

4869 
4961 
5053 
5146 
5240 
5334 
5429 
5525 
5621 
571 8 
5816 
5914 
601 3 
61 12 
621 2 
6313 
6414 
6516 
6618 
672 1 
6825 
6929 

71 38 
E44 
7350 
7457 
7564 
767 1 
7780 
7888 
7997 
8107 
821 6 
8327 
8437 
8549 
8660 
8772 
8884 
8997 
91 10 
9223 
9337 
9451 
9565 
9680 
9794 
9909 

10025 

7033 

4878 
4970 
5063 
5156 
5249 
5344 
5439 
5535 
5631 
5728 
5826 
5924 
6023 
61  22 
6223 
6323 
6424 
6526 
6629 
6732 
6835 
6939 
7044 
71  49 
7255 
7361 
7467 
7575 
7682 
7790 
7899 
8008 
8118 
8227 
8338 
8449 
8560 
8671 
8783 
8896 
9008 
9121 
9235 
9348 
9462 
9577 
9691 
9806 
9921 

10036 

4887 
4979 
5072 
5165 
5259 
5353 
5449 
5544 
5641 
5738 
5836 
5934 
6033 
61  32 
6233 
6333 
6435 
6536 
6639 
6742 
6846 
6950 

71 59 
7265 
7371 
7478 
7585 
7693 
7801 
7910 
8019 
8128 
8238 
8349 
8460 
8571 
8683 
8795 
8937 
9020 
9133 
9246 
9360 
9474 
9588 
9703 
9817 
9933 

10048 

m54 

4897 
4989 
5081 
5174 
5268 
5363 
5458 
5554 
565 1 
5748 
5845 
5944 
6043 
6142 
6243 
6343 
6445 
6547 
6649 
6752 
6856 
6960 
7065 

7276 
7382 
7489 
7596 
TO4 
781 2 
792 1 
8030 
8139 
8249 
8360 
847 1 
8582 
8694 
8806 
891 8 
903 1 
9144 
9257 
9371 
9485 
9599 
9714 
9829 
9944 

10059 

71m 

4906 
4998 
5090 
5184 
5278 
5372 
5468 
5564 
5660 
5757 
5855 
5954 
6053 
61  52 
6253 
6353 
6455 
6557 
6659 
6763 
6866 
6971 
7075 
7181 
7286 
7393 
7500 
7607 
T?l5 
7823 
7932 
8041 
81 50 
8261 
8371 
8482 
8593 

8817 
8929 
9042 
91 55 
9269 
9382 
9497 
961 1 
9726 
9840 
9956 

10071 

8705 

491 5 
5wn 
5100 
51 93 
5287 
5382 
5477 
5573 
5670 
5767 
5865 
5964 
6063 
61 62 
6263 
6364 
6465 
6567 
667u 
6773 
6871 
6981 
7086 
7191 
7297 

7403 
751 0 
7618 
7725 
7834 

7943 
8052 
8161 
8272 
8382 
8493 
8604 
871 6 
8828 
8941 
9053 
91 67 
9280 
9394 
9508 
9622 
9737 
9852 
9967 

10082 

Temperature 
(‘Cl 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 

1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 

1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 

t l m  

13m 

> 
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APPENDICES 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and  DIN43710-1977.) Units : p V 

Temperature 
('C) 0 1 2 3 4 5 6 7 8 9 Temperature 

('C) 
1500 

10210 1510 
10094 

10558 1540 
10441 1530 
10325 1520 

1550 10674 
1560 10790 
1570 10907 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 

1 
1 

1 
1 
1 
1 
1 
1 
1 

1670 

12310 1690 
12193 1680 
12076 

1700 12426 
1710 12543 
1720 12659 
1730 
1740 

12776 
12892 

1750 13008 
1760 13124 
1 770 13239 
1780 13354 
1790 13470 
1800 13585 
1810 13699 
1820 13814 

1024 
1141 

1257 
1374 
1491 
1608 
1725 
1842 
1959 

10106 
10221 
10337 
10453 
10569 
10686 
10802 
10919 
11035 
11152 
1 1269 
1 1386 
11503 
11620 
11737 
1 1854 
1 1971 
12088 
12205 
12321 
12438 
12555 
12671 
12787 
12903 

1301 9 
13135 
13251 
13366 
13481 
13596 
1371 1 

101 17 
10233 
10349 
10465 
10581 
10697 
10814 
10930 
11047 
11  164 
11281 
11398 
11515 
11632 
11749 
11866 
11983 
12099 
12216 
12333 
12450 
12566 
12683 
12799 
12915 
13031 
13147 
13262 
13378 
13493 
13607 
13722 

10129 
10244 
10360 
10476 
10593 
10709 
10825 
10942 
1 1059 
11176 
1 1292 
11409 
1 1526 
11643 
11760 
11877 
11994 
121  11 
12228 
12345 
12461 
12578 
12694 
1281 1 
12927 
13043 
13158 
13274 
13389 
13504 
13619 
13733 

10140 
10256 
10372 
10488 
10604 
10721 
10837 
10954 
1 1070 
11187 

1 1304 
11421 
11538 
11655 
11772 
11889 
12006 
12123 
12240 
12356 
12473 
12590 
12706 
12822 
12938 
13054 
13170 
13285 
13401 
13516 
13630 
13745 

10152 
10268 
10383 
10500 
10616 
10732 
10849 
10965 
11082 
11 199 

11316 
1 1433 
11550 
1 1667 
11784 
11901 
12018 
12134 
12251 
12368 
12485 
12601 
12718 
12834 
12950 
13066 
13181 
13297 
13412 
13527 
13642 
13756 

10163 
10279 
10395 
10511 
10627 
10744 
10860 
1 0977 
1 1094 
1121 1 

11328 
11444 
11561 
1 1678 
11795 
11912 
12029 
12146 
12263 
12380 
12496 
12613 
12729 
12845 
12961 
13077 
13193 
13308 
13424 
13539 
13653 
13768 

10175 
10291 
10407 
10523 
10639 
10756 
10872 
10989 
11105 
11222 
11339 
11456 
11573 
1 1690 
1 1807 
1 1924 
12041 
12158 
12275 
12391 
12508 
12624 
12741 
12857 
12973 
13089 
13204 
13320 
13435 
13550 
13665 
13779 

10187 
10302 
10418 
10534 
10651 
10767 
108a4 
11000 
11117 
11234 
11351 
11468 
11585 
11702 
11819 
11936 
12053 
12170 
12286 
12403 
12520 
12636 
12752 
12869 
12985 
13100 
13216 
13331 
13447 
13562 
13676 
1 3 8 1  

10198 
10314 
10430 
10546 
10662 
10779 
10895 
11012 
11129 
1 1246 

1 1363 
11480 
11597 
11714 
1 1830 
11947 
12064 
12181 
12298 
1241 5 
12531 
12648 
12764 
12880 
12996 
13112 
13228 
13343 
13458 
13573 
13688 
13802 

1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1 no 
1780 
1790 
1800 
1810 
1820 

These tables  apply for a reference junction  temperature  of O'C. 
Subtract -3 I.I V from  the values in  the tables for a reference junction  temperature 
of 20'C. 
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3.2 Standard  thermoelectromotive force tables for type R thermocouples 

JIS C1602-1981 (Complying with ANSI MC 96.  1-1975,  BS1041-1966 and  DlN43710-1977.) Units : p V 

Temperature 
('C) 

-50 
- 40 
- 30 
- 20 
-10 

0 

Temperature 
('C) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

0 -1 - 2  -3  -4 -5 -6 -7 -a -9 

-226 
-188 -192 -196 -200 -204 -207 -211 -215 -219 -223 
-145 -150 -154 -158 -163 -167 -171 -175 -180 -184 
-100 -105 -109 -114 -119 -123 -128 -132 -137 -141 

-51 -56 -61 -66 -71 -76 -81 -86 -91 -95 
0 -5 -11 -16 -21 -26 -31 -36 -41 -46 

0 1 2 3  4 5 6  7 a 9 

0 
54 

111 
171 
232 
296 
363 
431 
50 1 
573 
647 
723 
800 
879 
959 

1041 
1124 
1208 
1294 
1380 
1468 
1557 
1647 
1738 
1830 
1923 
201 7 
2111 
2207 
2303 
2400 
2498 
2596 
2695 
2795 
2896 
2997 
3099 
3201 
3304 

5 
60 

117 
1 7 7  
239 
303 
369 
438 
508 
581 
655 
730 
808 
887 
967 

1049 
1132 
1217 
1302 
1389 
1477 
1566 
1656 
1747 
1839 
1932 
2026 
2121 
221 6 
231 3 
241 0 
2508 
2606 
2705 
2805 
2906 
3007 
31  09 
321 1 
331 4 

11 
65 

123 
183 
245 
310 
376 
445 
515 
588 
662 
738 
816 
895 
975 

1057 
1140 
1225 
131 1 
i398 
1486 
1575 
1665 
1756 
1849 
1942 
2036 
2130 
2226 
2322 
2420 
2517 
261 6 
271 5 
281 5 
291 6 
3017 
31  19 
3221 
3324 

16 
71 

1 29 
189 
251 
316 
383 
452 
523 
595 
670 
746 
824 
903 
983 

1065 
1149 
1234 
1319 
1407 
1495 
1584 
1674 
1766 
1858 
1951 
2045 
21  40 
2236 
2332 
2429 
2527 
2626 
2725 
2825 
2926 
3027 
31 29 
3232 
3335 

21 
77 

135 
195 
258 
323 
390 
459 
530 
603 
677 
754 
83 1 
91 1 
992 

1074 
1157 
1242 
1328 
1415 
1504 
1593 
1683 
1775 
1867 
1960 
2054 
21  49 
2245 
2342 
2439 
2537 
2636 
273 5 
2835 
2936 
3037 
31 39 
3242 
3345 

27 
82 

141 
20 1 
264 
329 
397 
466 
5 37 
610 
685 
76 1 
839 
919 

1000 
1082 
1166 
1251 
1337 
1424 
1512 
1602 
1692 
1784 
1876 
1970 
2064 
21  59 
2255 
2351 
2449 
2547 
2646 
2745 
2845 
2946 
3048 
31 50 
3252 
3355 

32 
88 

147 
207 
27 1 
336 
403 
473 
544 
617 
692 
769 
847 
927 

1008 
1090 
1174 
1259 
1345 
1433 
1521 
1611 
1702 
1793 
1886 
1979 
2073 
2169 
2264 
2361 
2459 
2557 
2656 
2755 
2855 
2956 
3058 
3160 
3263 
3366 

38 
94 

152 
214 
277 
343 
410 
480 
552 
625 
700 
777 
855 
935 

1016 
1099 
1183 
1268 
1354 
1442 
1530 
1620 
171 1 
1802 
1895 

1988 
2083 
2178 
2274 
2371 
2468 
2567 
2666 
2765 
2866 
2966 
3068 
3170 
3273 
3376 

43 
100 
158 
220 
283 
349 
417 
487 
559 
632 
708 
784 
863 
943 

1024 
1107 
1191 
1276 
1363 
1450 
1539 
1629 
1720 
1812 
1904 
1998 
2092 
2188 
2284 
2381 
2478 
2577 
2676 
2775 
2876 
2977 
3078 
31 80 
3283 
3386 

49 
105 
165 
226 
290 
356 
424 
494 
566 
640 
715 
792 
871 
951 

1032 
1115 
1200 
1285 
1372 
1459 
1548 
1638 
1729 
1821 
1914 
2007 
21  02 
21 97 
2293 
2390 
2488 
2586 
2685 
2785 
2886 
2987 
3088 
3191 
3293 
3397 

rernperature 
('Cl 

- 50 
- 40 
- 30 
- 20 
-10 

0 
rernperature 

('C) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
1 70 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 



JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DIN43710-1977.) Units : V 

Temperature 
('CI 

400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 

800 
810 
820 
830 
840 
850 
860 
870 
880 
890 

0 1 2 3 4 5 6 1 8 9 

3407 
351 1 
3616 
372 1 
3826 
3933 
4039 
4146 
4254 
4362 
4471 
4580 
4689 
4799 
491 0 
5021 
5132 
5244 
5356 
5469 
5582 
5696 
581 0 
5925 
6040 
6155 
6272 
6388 
6505 
6623 
674 1 
6860 
6979 
7098 
7218 
7339 
7460 
7582 
7703 
7826 
7949 
8 w 2  
8196 
8320 
8445 
8570 
8696 
8822 
8949 
9076 

3418 
3522 
3626 
373 1 
3837 
3943 
4050 
41 57 
4265 
4373 
4431 
4591 
4700 
4810 
492 1 
5032 
5143 
5255 
5368 
5480 
5594 
5707 
5821 
5936 
605 1 

6167 
6283 
6400. 
6517 
6635 
6753 
6872 
6991 
71 10 
723 1 
7351 
7472 
7594 
7 7 1  6 
7838 
7961 
8085 
8208 
8333 
8458 
8583 

8835 
8961 
9089 

am9 

3428 
3532 
3637 
3742 
3848 
3954 
406 1 
4168 
4275 
4384 
4492 
460 1 
471 1 
4821 
4932 
5043 
5154 
5266 
5379 
5492 
5605 
571 9 
5833 
5948 
6063 
6179 
6295 
6412 
6529 
6647 
6765 
6884 
m 3  
71 22 
7243 
7363 
7484 
7606 
7728 
7850 
7973 
8097 
8221 
8345 
8470 
8595 
872 1 
8847 
8974 
9101 

3438 
3543 
3647 
3752 
3858 
3964 
4071 
41 78 
4286 
4394 
4503 
4612 
4722 
4832 
4943 
5054 
51  66 
5278 
5390 
5503 
561 6 
5730 
5844 
5959 
6074 
6190 
6307 
6423 
6541 
6658 
6777 
6895 
701 5 
71 34 
7255 
7375 
7496 
7618 
7740 
7863 
7986 
81 09 
8233 
8358 
8483 
8608 
8734 
8860 
8987 
91 14 

3449 
3553 
3658 
3763 
3869 
3975 
4082 
4189 
4297 
4405 
4514 
4623 
4733 
4843 
4954 
5065 
5177 
5289 
5401 
551 4 
5628 
5742 
5856 
5971 
6086 
6202 
6318 
6435 
6552 
6670 
6789 
6907 
7027 
7146 
7267 
7387 
7509 
7630 
7752 
7875 
7998 
8122 
8246 
8370 
8495 
862 1 
8746 
8873 
9000 
9127 

3459 
3563 
3668 
3774 
3879 
3986 
4093 
4200 
4308 
4416 
4525 
4634 
4744 
4854 
4965 
5076 
5188 
5300 
541 3 
5526 
5639 
5753 
5867 
5982 
6098 
621 3 
6330 
6447 
6564 
6682 
6800 
6919 

71 58 
7279 
7399 
7521 
7642 
7765 
7887 
801 0 
8134 
8258 
8383 
8508 
8633 
8759 
8885 
9012 
9140 

7039 

3470 
3574 
3679 
3784 
3890 
3996 
4103 
421 1 
4319 
4427 
4536 
4645 
4755 
4865 
4976 
5087 
51  99 
531 1 
5424 
5537 
5650 
5764 
5879 
5994 
6109 
6225 
6342 
6458 
6576 
6694 
681 2 
6931 

71 70 
7291 
741 2 
7533 
7655 
m7 
7900 
8023 
8146 
8271 
8395 
8520 
8646 
8772 
8898 
9025 
9152 

m 5  1 

3480 
3584 
3689 
3795 
390 1 
4007 
41  14 
4222 
4329 
4438 
4547 
4656 
4766 
4876 
4987 
5099 
5210 
5322 
5435 
5548 
5662 
5776 
5890 
6005 
6121 
6237 
6353 
6470 
6588 
6706 
6824 
6943 

7182 
7303 
7424 
7545 
7667 
7789 
7 9 1  2 
8035 
81 59 
8283 
8408 
8533 
8658 
8784 
891 1 
9038 
91 65 

7063 

3490 
3595 
3700 
3805 
391 1 
401 8 
4125 
4232 
4340 
4449 
4558 
4667 
4777 
4888 
4998 
51 10 
522 1 
5334 
5446 
5560 
5673 
5787 
5902 
601 7 
6132 
6248 
6365 
6482 
6599 
671 8 
6836 
6955 
7074 
7194 
731 5 
7436 
7557 
7679 
780 1 
7924 
8047 
8171 
8295 
8420 
8545 
8671 
8797 
8923 
9050 
9178 

3501 
3605 
371 0 
3816 
3922 
4028 
41 36 
4243 
4351 
4460 
4569 
4678 
4788 
4899 
5009 
5121 
5233 
5345 
5458 
5571 
5685 
5799 
591 3 
6028 
6144 
6260 
6377 
6494 
661 1 
6729 
6848 
6967 
7086 
7206 
7327 
7448 
7569 
769 1 
781 4 
7937 

8060 
8184 
8308 
8433 
8558 
8683 
881 0 
8936 
9063 
9191 

Temperature 
('C) 

400 
41 0 
420 
430 
440 
450 
560 

480 
490 
500 
510 
520 
530 
540 
550 
560 
5M 
580 
590 
600 
610 
620 
630 
6 4 0 '  

650 
660 
6 m  
680 
690 

4 m  

mo 
71 0 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
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JIS C1602-1981 (Complying with ANSI MC 96. 1-1975,  BS1041-1966  and  DIN43710-1977.) Units : V V  

remperature 
('C) 

900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1Mo 
1080 
1090 
1 l o o  
1110 
1120 
1130 
1140 
1150 
1160 

1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 

1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 

11m 

1 280 

0 1 2 3 4 5 6 7 0 9 

9203 
9331 
9460 

9718 
9848 
m 

10109 
10240 
10371 
1 0503 
10636 
1 w 6 8  
10902 
1 1035 

9589 

1 1 1 m  
11304 
11439 
11574 
11710 
11846  
11983 
12119 
12257 
12394 
12532 
12669 
12808 
12946 
13085 
13224 
13363 
13502 
13642 
13782 
13922 
14062 
14202 
14343 
14483 
14624 
14765 
14906 
15047 
15188 
15329 
15470 
15611 
15752 
15893 

9216 
9344 
9473 
9602 
973 1 
9861 
9991 

10122 
10253 
10384 
10516 
10649 

10915 
11049 

1 0782 

11 183 
11318 
11453 
11588 
11724 
11860 
11996 
12133 
12270 
1 2408 
12545 
12683 

12960 
13099 
13238 
13377 
13516 
13656 
13796 
1 3 9 6  
14076 
14216 
14357 
14497 

12822 

14638 
14779 
14920 
15061 
152O2 
15343 
15484 
15625 
15766 
15908 

9229 
9357 
9485 
9614 
9744 
9874 

loo04 
10135 
10266 
10398 
10530 
10662 
1 0 7 9 5  

11062 
11196 
11331 
11466  
11602 
11737 

10928 

11874 
12010 
12147 
12284 
12421 
12559 
12697 
12835 
12974 
13113 
13252 
13391 
13530 
1 3 6 M  
13810 
13950 
14090 
14230 
14371 
1451 1 
14652 
14793 
14934 
15075 
15216 
15357 
15498 
15639 
15780 
15922 

9242 

9498 
9627 
9757 
9887 

10017 
10148 
10279 
1041 1 
10543 
10675 
10808 
10942 
11076 
11210 
11345 
11480 
11615 
11751 
11887  
12024 
12161 
12298 
12435 
12573 
1271 1 
12849 
12988 
13127 
13266 
13405 
13544 
13684 
13824 
13964 
14104 
14244 
14385 
14525 
14666 
1 4 8 0 7  
14948 
15089 
15230 
15371 
15512 
15653 
15795 
15936 

9370 
9254 
9383 
951 1 
9640 
9770 
9900 

10030 
10161 
10292 
1 0424 
10556 
10689 
10822 
10955 
11089 
1 1223 
11358 
1 1493 
11629 
11765 
11901 
12037 
121 74 
12311 
12449 
12587 
12725 
12863 
13002 
13140 
13280 
13419 
13558 
13698 
1 x 3 8  
13978 
14118 
14258 
14399 
14539 
14680 
14821 
14962 
151 03 
15244 
15385 

15809 

15526 
15667 

15950 

9267 
9395 
9524 
9653 
9783 
991 3 

10043 
10174 
10305 
10437 
10569 
1 m 2  

1 0 9 6 8  
11102 
11237 
1 1372 
11507 
11642 
11778 
11914 
12051 
12188 
12325 
12463 
12600 
12739 

13016 
13154 
13293 
13433 
13572 
13712 

10835 

12877 

13852 
13992 
14132 
14272 
14413 
14554 
14694 
14835 
14976 
15117 
15258 
15399 
15540 
15682 

15964 
15823 

9280 
9408 
9537 
9666 
9796 
9926 

10056 

10319 
1 O450 
10583 
10715 

101 87 

11 
11 
1 
1 
1 
1 
1 
1 

3848 
3982 
1116 
1250 
1385 
1520 
1656 
1792 

11928 
12065 
12202 
12339 
12476 
12614 
12752 

13029 
13168 
13247 
13447 
13586 
13726 
13866 
14M36 
14146 
14286 
14427 
14568 

12891 

14708 
14849 
14990 
15131 
15272 
15413 
15555 
15696 
15837 
15978 

9293 
942 1 
9550 
9679 
9809 
9939 

10069 
10200 
10332 
10464 
10596 
10729 
10862 
10995 
11 129 
1 1264 
113% 
11534 
11669 
11805 
11942 

12215 
12353 
12490 

1 2078 

12628 
12766 
12905 
13043 
13182 
13321 
13461 
13600 
13740 
13880 
14020 
14160 
14301 
14441 
14582 
14722 
14863 
15004 
151  45 
15286 
15427 
15569 
15710 

15992 
15851 

9306 
9434 
9563 
9692 
9822 
9952 

10082 
1021 3 
10345 
10477 
10609 
10742 
10875 
11009 
11143 
11277 
11412 
11547 
1 1683 
11819 
11955 
12092 
12229 
12366 
12504 
12642 
12780 

13057 
13196 
13335 
13475 
13614 
13754 
13894 
14034 
14174 
14315 
14455 
14596 
14737 
14877 

15159 
15300 
15442 

15724 
15865 
16006 

12918 

15018 

15583 

931 9 
9447 
9576 
m5 
9835 
9965 

10095 
10227 

10490 
10622 
10755 

10358 

w 
1022 
1156 
1291 
1426 
1561 
1697 

11969 
12106 
12243 
12380 
12518 
12656 
12794 
12932 
13071 
13210 
13349 
13489 

13768 
13628 

13908 
1 4 0 4 8  
14188 
14329 
14469 
14610 
14751 
14891 
15032 
15173 
15315 
15456 
15597 
15738 

16021 
15879 

Temperature 
('C) 

900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1 OW 
1 loo 
1110 

1130 
1140 
1150 
1160 

1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
l m j  
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1 3 8 0  
1390 

1120 ' 

11m 
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1 Type R 1 
JIS C1602-1981 (Complying with ANSI MC 96. 1-1975, BS1041-1966 and DlN43710-1977.) Units : p V 

remperature 
('C) 

1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1 740 
1750 
1760 

0 1 2 3 4 5 6 7 a 9 

16035 
16176 
16317 
16458 
16599 
16741 
16882 
17022 
17163 
17304 
17445 
17585 
17726 
17866 
18006 
18146 
18286 
18425 
18564 
18703 
18842 
18981 
191  19 
19257 
19395 
19533 
19670 
19807 
1 5 9 4 4  
20080 
20215 
20350 
20483 
20616 
20748 
20878 
21006 

16049 
16190 
16331 
16472 
16614 
16755 
16896 
17037 
17177 
17318 
17459 
17599 
17740 
17880 
18020 
18160 
18299 
18439 
18578 
1871 7 
18856 
18995 
19133 
19271 
19409 
19547 
19684 
19821 
19957 
20093 
20229 
20363 
20497 
20629 
2076 1 
20891 
21019 

16063 
16204 
16345 
16487 
16628 
16769 
16910 
17051 
17192 
17332 
17473 
17613 
17754 
17894 
18034 
18174 
18313 
18453 
18592 
18731 
18870 
19009 
19147 
19285 
19423 
19560 
19698 
19834 
19971 
201 07 
20242 
20377 
20510 
20642 
20774 
20904 
21  032 

16077 
16218 
16360 
16501 
16642 
16783 
16924 
17065 
17206 
17346 
17487 
17627 
17768 
17908 
18048 
18188 
18327 
18467 
18606 
18745 
18884 
19023 
19161 
19299 
19437 
19574 
1971 1 
19848 
19985 
201  20 
20256 
20390 
20523 
20656 
20787 
20916 
21045 

16091 
16232 
16374 
16515 
16656 
16797 
16938 
17079 
17220 
17360 
17501 
17641 
17782 
17922 
18062 
18202 
18341 
18481 
18620 
18759 
18898 
19036 
19175 
19313 
19450 
19588 
19725 
19862 
19998 
201 34 
20269 
20403 
20537 
20669 
20800 
20929 
21 057 

16105 
16247 
16388 
16529 
16670 
1681 1 
16952 
17093 
17234 
17374 
17515 
17655 
17796 
17936 
18076 
18216 
18355 
18495 
18634 
18773 
18912 
19050 
19188 
19326 
19464 
19602 
19739 
19875 
20012 
20148 
20283 
2041 7 
20550 
20682 
2081 3 
20942 
21070 

16119 
16261 
16402 
16543 
16684 
16825 
16966 
17107 
17248 
17388 
17529 
17669 
17810 
17950 
18090 
18230 
18369 
18509 
18648 
18787 
18926 
19064 
19202 
19340 
19478 
19615 
19752 
19889 
20025 
20161 
20296 
20430 
20563 
20695 
20826 
20955 
21083 

16134 
16275 
16416 
16557 
16698 
16839 
16980 
17121 
17262 
17403 
17543 
17684 
17824 
17964 
18104 
18244 
18383 
18523 
18662 
18801 
18939 
19078 
19216 
19354 
19492 
19629 
19766 
19903 
20039 
20175 
20309 
20443 
20576 
20708 
20839 
20968 
21096 

16148 
16289 
16430 
16571 
1671 2 
16853 
16994 
17135 
17276 
17417 
17557 
17698 
17838 
17978 
18118 
18258 
18397 
18537 
18676 
18815 
18953 
19092 
19230 
19368 
19505 
19643 
19780 
19916 
20053 
20188 
20323 
20457 
20590 
20721 
20852 
2098 1 
21 108 

16162 
16303 
16444 
16585 
16726 
16867 
17008 
17149 
17290 
17431 
17571 
17712 
17852 
17992 
18132 
18272 
1841 1 
18550 
18690 
18828 
18967 
19106 
19244 
19382 
19519 
19656 
19793 
19930 
20066 
20202 
20336 
20470 
20603 
20734 
20865 
20994 
21 121 

Temperature 
('C I 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1 740 
1750 
1760 

I REMARKS ] 
These  tables  apply  for a reference  junction  temperature  of O'C. 
Subtract 11 1 p V from  the  values  in  the tables for a reference  junction  temperature 
of 20'C. 
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I Type s I 
3.3 Standard thermoelectromotive force tables for type S thermocouples 

JIS C1602-1981 (Complying with ANSI MC  96,  1-1975,  BS1041-1966 and DIN43710-1977.) Units : p V 

Temperature 
(‘Cl 

-50 -236 
-40 -194 -199 -203 -207 -211 -215 -220 -224 -228 -232 
- 30 -150 -155 -159 -164 -168 -173 -177 -181 -186 -190 
- 20 -103 -108 -112 -117 -122 -127 -132 -136 -141 -145 
-10 -53 -58 -63 -68 -73 -78 -83 -88 -93 -98 

0 0 -5 -11 -16 -21 -27 -32 -37 -42 -48 

-1 -2 -3 -4 -5 -6 -7 -0 -9 

remperature 
PPI I o  1 2 3 4 5 6 7 0 9 

0 

20 
55 10 
0 

235 40 
173 30 
113 

50 299 
60 365 
70 432 
80 502 
90  573 

100 645 
110  71 9 
120 795 
130 872 
140 950 
150 1029 
160 1109 
170 1190 
180 1273 
190 1356 
200 1440 
210 1525 
220 1611 
230 1698 
240 1785 
250 1873 
260 1962 
270 2051 
280 2141 
290 2232 
300 2323 
310 241 4 
320 2506 
330 2599 
340 2692 
350 2786 
360 2880 
370 2974 
380 3069 
390 3164 

5 
61 

119 
179 
241 
305 
37 1 
439 
509 
580 
653 
727 
802 
879 
957 

1037 
1117 
1198 
1281 
1364 
1448 
1534 
1620 
1706 
1794 

1882 
1971 
2060 
21 50 
2241 
2332 
2424 
2516 
2608 
2702 
2795 
2889 
2984 
3078 
3174 

1 1  
67 

125 
185 
247 
312 
378 
446 
516 
587 

660 
734 
810 
887 
965 

1045 
1125 
1207 
1289 
1373 
1457 
1542 
1628 
1715 
1802 
1891 
1979 
2069 
21  59 
2250 
2341 
2433 
2525 
261 8 
271 1 
2805 
2899 
2993 
3088 
3183 

16 
72 

131 
191 
254 
318 
385 
453 
523 
594 
667 
742 
818 
895 
973 

1053 
1133 
1215 
1297 
1381 
1465 
1551 
1637 
1724 
181 1 

1899 
1988 
2078 
2168 
2259 
2350 
2442 
2534 
2627 
2720 
281 4 
2908 
3003 
3097 
31  93 

22 
78 

137 
197 
260 
325 
39 1 
460 
530 
602 
675 
749 
825 
903 
98 1 

1061 
1141 
1223 
1306 
1389 
1474 
1559 
1645 
1732 
1820 
1908 
1997 
2087 
2177 
2268 
2359 
245 1 
2543 
2636 
2730 
2823 
2917 
301 2 
3107 
3202 

27 
84 

142 
203 
266 

33 1 
398 
467 
537 
609 
682 
757 
833 
91 0 
989 

1069 
1149 
1231 
1314 
1398 
1482 
1568 
1654 
1741 
1829 
1917 
2006 
2096 
2186 
2277 
2368 
2460 
2553 
2646 
2739 
2833 
2927 
3022 
31  17 
321 2 

33 
90 

148 
210 
273 
338 
405 
474 
544 
616 
690 
764 
841 
918 
997 

1 on 
1158 
1240 
1322 
1406 
1491 
1576 
1663 
1750 
1838 
1926 
2015 
21 05 
2195 
2286 
2370 
2470 
2562 
2655 
2748 
2042 
2936 
3031 
3126 
3221 

38 
95 

154 
216 
279 
345 
412 
481 
551 
623 
697 
772 
848 
926 

1005 
1085 
1166 
1248 
1331 
1415 
1499 
1585 
1671 
1759 
1846 
1935 
2024 
21 14 
2204 
2295 
2387 
2479 
2571 
2664 
2758 
2852 
2946 
304 1 
31  36 
3231 

44 
101 
161 
222 
286 
351 
419 
488 
558 
631 
704 
780 
856 
934 

1013 
1093 
1174 
1256 
1339 
1423 
1508 
1594 
1680 
1767 
1855 

1944 
2033 
21  23 
221 3 
2304 
2396 
2488 
2581 
2674 
2767 
2861 
2955 
3050 
3145 
3241 

50 
107 
167 
228 
292 
358 
425 
495 
566 
638 
712 
787 
864 
942 

1021 
1101 
1182 
1264 
1347 
1432 
1516 
1602 
1689 
1776 
1864 
1953 
2042 
21 32 
2222 
2314 
2405 
2497 
2590 
2683 
2776 
2870 
2965 
3059 
31 55 
3250 

Temperature 
(‘Cl 

- 50 
- 40 
- 30 
- 20 
-10 

0 
Temperature 

(‘C) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
1 70 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 



F l  
JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DIN43710-1977.) Units : ~1 V 

Temperature 
(‘C) 

400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
71 0 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 

~ 

0 1 2 3 4 5 6 7 a 9 

3260 
3356 
3452 
3549 
3645 
3743 
3840 
3938 
4036 
41 35 
4234 
4333 
4432 
4532 
4632 
4732 
4832 
4933 
5034 
51  36 
5237 
5339 
5442 
5544 
5648 
575 1 
5855 
5960 
6064 
6169 
6274 
6380 
6486 
6592 
6699 
6805 
691 3 
7020 
71 28 
7236 
7345 
7454 
7563 
7672 
7782 
7892 
8003 
81  14 
8225 
8336 

3269 
3365 
3462 
3558 
3655 
3752 
3850 
3948 
4046 
4145 

4243 
4343 
4442 
4542 
4642 
4742 
4842 
4943 
5044 
51  46 
5247 
5350 
5452 
5555 
5658 
5762 
5866 
5970 
6075 
6180 
6285 
6390 
6496 
6603 
6709 
681 6 
6923 
703 1 
71 39 
7247 
7356 
7465 
7574 
7683 
7793 
7904 
8014 
81 25 
8236 
8348 

3279 
3375 
3471 
3568 
3665 
3762 
3860 
3958 
4056 
41 55 

4253 
4352 
4452 
4552 
4652 
4752 
4852 
4953 
5054 
51 56 
5258 
5360 
5462 
5565 
5668 
5772 
5876 
5980 
6085 
61 90 
6295 
6401 
6507 
6613 
6720 
6827 
6934 
7042 
71 50 
7258 
7367 
7476 
7585 
7694 
7804 
791 5 
8025 
81 36 
8246 
8359 

3288 
3384 
348 1 
3578 
3675 
3772 
3870 
3968 
4066 
41 64 

4263 
4362 
4462 
4562 
4662 
4762 
4862 
4963 
5065 
51  66 
5268 
5370 
5473 
5575 
5679 
5782 
5887 
5991 
6096 
6201 
6306 
641 2 
6518 
6624 
673 1 

6838 
6945 
7053 
7161 
7269 
7377 
7486 
7596 
7705 
781 5 
7926 
8036 
81  47 
8258 
8370 

3298 
3394 
3491 
3587 
3684 
3782 
3879 
3977 
4076 
4174 
4273 
4372 
4472 
4572 
4672 
4772 
4873 
4973 
5075 
51 76 
5278 
5380 
5483 
5586 
5689 
5793 
5897 
6001 
61  06 
621 1 
631 6 
6422 
6528 
6635 
674 1 
6848 
6956 
7063 
7171 
7280 
7388 
7497 
7607 
7716 
7826 
7937 
8047 
81  58 
8270 
8381 

3308 
3404 
3500 
3597 
3694 
3791 
3889 
3987 
4086 
4184 
4283 
4382 
4482 
4582 
4682 
4782 
4883 
4984 
5085 
5186 
5288 
5391 
5493 
5596 
5700 
5803 
5907 
601 2 
61 17 
6222 
6327 
6433 
6539 
6645 
6752 
6859 
6966 
7074 
71  32 
729 1 
7399 
7508 
761 8 
7727 
7837 
7948 
8058 
8169 
8281 
8392 

3317 
3413 
3510 
3607 
3704 
3801 
3899 
3997 
4095 
4194 
4293 
4392 
4492 
4592 
4692 
4792 
4893 
4994 
5095 
5197 
5298 
5401 
5503 
5606 
571 0 
581 4 
5918 
6022 
61 27 
6232 
6338 
6443 
6549 
6656 
6763 
6870 
6977 
7085 
7193 
7301 
741 0 
7519 
7629 
7738 
7848 
7959 
8069 
8180 
8292 
8404 

3327 
3423 
3520 
3616 
371 4 

381 1 
3909 
4007 
41 05 
4204 
4303 
4402 
4502 
4602 
4702 
4802 
4903 
5004 
51  05 
5207 
5309 
541 1 
551 4 
561 7 
5720 
5824 
5928 
6033 
61 38 
6243 
6348 
6454 
6560 
6667 
6773 
6880 
6988 
7096 
7204 
7312 
7421 
7530 
7640 
7749 
7859 
7970 
8081 
8192 
8303 
841 5 

3336 
3433 
3529 
3626 
3723 
3821 
391 9 
4017 
41  15 
421 4 
431 3 
4412 
4512 
461 2 
471 2 
4812 
4913 
5014 
51  15 
5217 
531 9 
542 1 
5524 
5627 
5731 
5834 
5939 
6043 
6148 
6253 
6359 
6465 
6571 
6677 
6784 
6891 
6999 
71 07 
721 5 
7323 
7432 
7541 
765 1 
7760 
7870 
7981 
8092 
8203 
8314 
8426 

3346 
3442 
3539 
3636 
3733 
3831 
3928 
4027 
4125 
4224 
4323 
4422 
4522 
4622 
4722 
4822 
4923 
5024 
51  25 
5227 
5329 
5431 
5534 
5637 
5741 
5845 
5949 
6054 
61 59 
6264 
6369 
6475 
6581 
6688 
6795 
6902 
7009 
71  17 
7225 
7334 
7443 
7552 
766 1 
7 7 7 1  
788 1 
7992 
81  03 
8214 
8325 
8437 

Temperature 
(C )  

400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
81 0 
820 
830 
840 
850 
860 
870 
880 
890 
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JIS C1602-1981 (Complying with ANSI MC 96.  1-1975,  BS1041-1966 and DlN43710-1977.) Units : V V  

emperature 
('C) 

900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1 no 
1230 
1240 
1250 
1260 
12M 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 

0 1 2 3 4 5 6 7 8 9 

8448 
8560 
8673 
8786 
8899 
901 2 
91  26 
9240 
9355 
9470 
9585 
9700 
981 6 
9932 

10048 
10165 
10282 
10400 
10517 
10635 
10754 
10872 
10991 
11110 
11229 
11348 
11467 
11587 
1 1707 
1 1827 
11947 
12067 
12188 
12308 
12429 
12550 
12671 
12792 
12913 
13034 
13155 
1 3 8 6  
13397 
13519 
13640 
13761 
13883 
14004 
14125 
14247 

8460 
8572 
8684 
8797 
891 0 
9024 
9138 
9252 
9366 
9481 
9596 
971 2 
9828 
9944 

10060 
10177 
10294 
1041 1 
10529 
10647 
10765 
10884 
11003 
11121 
11241 
11360 
11479 
1 1599 
11719 
11839 
11959 
12079 
12200 
12320 
12441 
12562 
12683 
12804 
12925 
13046 
13167 
13288 
13410 
13531 
13652 
13774 
13895 
14016 
14138 
14259 

8471 
8583 
8695 
8808 
8922 
9035 
91 49 
9263 
9378 
9493 
9608 
9723 
9839 
9955 

10072 
10189 
10306 
10423 
10541 
10659 
10777 
10896 
11014 
11133 
11252 
1 1372 
11491 
11611 
11731 
11851 
1 1971 
12091 
1221 2 
12332 
12453 
12574 
12695 
12816 
12937 
13058 
13179 
13300 
13422 
13543 
13664 
13786 
13907 
14028 
14150 
14271 

8482 
8594 
8707 
8820 
8933 
9047 
91 60 
9275 
9389 
9504 
961 9 
9735 
9851 
9967 

10083 
10200 
10318 
10435 
10553 
10671 
10789 
10908 
11026 
11145 
11 264 
11384 
11503 
11623 
11743 
11863 
11983 
12103 
12224 
12345 
12465 
12586 
12707 
12828 
12949 
13070 
13191 
13313 
13434 
13555 
13677 
13798 
13919 
14MO 
14162 
14283 

8493 
8605 
871 8 
8831 
8944 
9058 
9172 
9286 
940 1 
9516 
9631 
9746 
9862 
9979 

10095 
10212 
10329 
10447 
10565 
10683 
10801 
10919 
1 1038 
11157 
11276 
11396 
11515 
11635 
11755 
1 1875 
1 1995 
121  16 
12236 
12357 
12477 
12598 
12719 
12840 
12961 
13082 
13203 
13325 
13446 
13567 
13689 
13810 
13931 
14053 
14174 
14295 

8504 
8617 
8729 
8842 
8956 
9069 
9183 
9298 
941 2 
9527 
9642 
9758 
9874 
9990 

10107 
10224 
10341 
10459 
10576 
10694 
10813 
10931 
11050 
11169 
11288 
11408 
1 1  527 
1 1647 
1 1767 
1 1887 
12007 
12128 
12248 
12369 
12489 
12610 
1273 1 
12852 
12973 
13094 
13216 
13337 
13458 
13579 
13701 
13822 
13943 
14065 
14186 
14307 

8516 
8628 
8741 
8854 
8967 
9081 
91 95 
9309 
9424 
9539 
9654 
9770 
9886 

10002 
10118 
10235 
10353 
10470 
10588 
10706 
10825 

1 
1 
1 
1 1899 
12019 
12140 
12260 
12381 
12501 
12622 
12743 
12864 
12985 
13107 
13228 
13349 
13470 
13592 
13713 
13834 
13956 
14077 
14198 
14319 

I 

0943 
1062 
1181 
1300 
1420 
1539 
1659 
1779 

8527 
8639 
8752 
8865 
8978 
9092 
9206 
9320 
9435 
9550 
9665 
9781 
9897 

10013 
10130 
10247 
10364 
lo482 
10600 
10718 
10836 
10955 
1 1074 
11193 
11312 
11432 
11551 
1 1671 
11791 
11911 
12031 
12152 
12272 
12393 
12514 
12634 
12755 
12876 
12997 
13119 
13240 
13361 
13482 
13604 
13725 
13846 
13968 
14089 
14210 
14332 

8538 
8650 
8763 
8876 
8990 
9103 
9217 
9332 
9447 
9562 
9677 
9793 
9909 

10025 
10142 
10259 
10376 
10494 
10612 
10730 
10848 
10967 
11086 
11205 
11324 
11443 
11563 
1 1683 
1 1803 
11923 
12043 
12164 
12284 
12405 
12526 
12647 
1 8 6 7  
12888 
13010 
13131 
13252 
13373 
13495 
13616 
13737 
13859 
13980 
14101 
14222 
14344 

8549 
8662 
8774 
8888 
9001 
91 15 
9229 
9343 
9458 
9573 
9689 
9804 
9920 

10037 
10154 
10271 
10388 
10506 
10624 
10742 
10860 
10979 
11098 
11217 
11336 
11455 
1 1575 
11695 
11815 
11 935 
12055 
12176 
12296 
12417 
12538 
12659 
12780 
12901 
13022 
13143 
13264 
13385 
13507 
13628 
13749 
13871 
13992 
14913 
14235 
14356 

Temperature 
('C) 

900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1 no 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 



1-1 
JIs CNU-1981 (Complying with  ANSI MC 96. 1-1975, BS1041-1966 and DIN43710-1977.) Units : p V 

Temperature 
('C) 0 1 2 3 4 5 6 7 8 Temperature 

I'C) 
i 

1400 

14852 1440 
14731 1430 
14610 1420 
14489 1410 
14368 

1450 14973 
1460 15094 
1470 15215 
1480 15336 
1490 15456 
1500 15576 
1510 15697 
1520 15817 
1530 15937 
1540 16057 
1550 16176 
1560 16296 
1570 16415 
1580 16534 
1590 16653 

1600 16771 
1610 16890 
1620 17008 
1630 17125 
1640 17243 
1650 17360 
1660 17477 
1670 17594 
1680 1771 1 
1690 17826 
1700 17942 
1710 18056 
1720 18170 
1730 18282 
1740 18394 
1750 18504 
1760 18612 

14380 
14501 
14622 
14744 
14865 
14985 
15106 
15227 
15348 
15468 
15589 
15709 
15829 
15949 
16069 
16188 
16308 
16427 
16546 
16664 

16783 
16901 
17019 
17137 
17'255 

17372 
17489 
17606 
17722 
17838 
17953 
18068 
18181 
18293 
18405 
18515 
18623 

14392 
14513 
14635 
14756 
14877 
14998 
15118 
15239 
15360 
15480 
15601 
1572 1 
15841 
15961 
16080 
16200 
16319 
16439 
16558 
16676 
16795 
16913 
17031 
17149 
1 7'267 
17384 
17501 
17617 
17734 
17850 
17965 
18079 
18192 
18305 
18416 
18526 
18634 

14404 
14526 
14647 
14768 
14889 
15010 
15130 
15251 
15372 
15492 
15613 
15733 
15853 
15973 
16092 
16212 
16331 
16451 
16569 
16688 
16807 
16925 
17043 
17161 
17278 
17396 
17512 
17629 
17745 
17861 
17976 
18090 
18204 
18316 
18427 
18536 
18645 

14416 
14538 
14659 
14780 
1490 1 

15022 
15143 
15263 
15384 
15504 
15625 
15745 
15865 
15985 
16104 
16224 
16343 
16462 
16581 
16700 
16819 
16937 
17055 
171  73 
17290 
17407 
17524 
17641 
17757 
17873 
17988 
181  02 
18215 
18327 
18438 
18547 
18655 

14429 
14550 
14671 
14792 
14913 
15034 
15155 
15275 
15396 
15516 
15637 
15757 
15877 
15997 
16116 
16236 
16355 
16474 
16593 
16712 

16830 
16949 
17067 
17184 
17302 
17419 
17536 
17652 
17769 
17884 
17999 
18113 
18226 
18338 
18449 
18558 
18666 

14441 
14562 
14683 
14804 
14925 
15046 
15167 
15287 
15408 
15528 
15649 
15769 
15889 
16M39 
16128 
16248 
16367 
16486 
16605 
16724 
16842 
16960 
17078 
17196 
17313 
17431 
17548 
17664 
17780 
17896 
18010 
18124 
18237 
18349 
18460 
18569 
18677 

14453 
14574 
14695 
14816 
14937 
15058 
15179 
15299 
15420 
15540 
15661 
15781 
15901 
16021 
16140 
16260 
16379 
16498 
16617 
16736 
16854 
1697'2 
170% 
17208 
17325 
17442 
17559 
17676 
17792 
17907 
18022 
18136 
18249 
18360 
18471 
18580 
18687 

14465 
14586 
14707 
14828 
14949 
15070 
15191 
15311 
15432 
15552 
15673 
15793 
15913 
16033 
16152 
16272 
16391 
16510 
16629 
16747 
16866 
16984 
17102 
17220 
17337 
17454 
17571 
17687 
17803 
1791 9 
18033 
18147 
18260 
18372 
18482 
18591 
18698 

14477 
14598 
14719 
14840 
14961 
15082 
15203 
15324 
15444 
15564 
15685 
15805 
15925 
16045 
16164 
16284 
16403 
16522 
16641 
16759 
16878 
16996 
17114 
17231 

' 17349 
17466 
17583 
17699 
17815 
17930 
18045 
18158 
18271 
18383 
18493 
18602 
18709 

1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 

1 REMARKS I 

These tables apply for a reference junction temperature  of O'c. 
Subtract -3 p V from  the  values  in  the tables for a reference  junction  temperature 
of 20'C. 



. .., . 

APPENDICES 

3.4 Standard thermoelectromotive force tables for type K thermocouples 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and  DIN43710-1977.) Units : V 

'emperaturt 
(%I 

-270 
- 260 
- 250 

- 240 
- 230 
-220 
-210 
- 200 

-190 
-180 
-170 
-160 
-150 

-140 
-130 
-120 
-110 
-100 

-90 
-80 
-70 
-60 
-50 

-40 
-30 
- 20 
- 10 

0 

emperaturc 
('C) 

0 
10 
20 
30 
40 

50 
60 

80 
90 

100 
110 
120 
130 
140 

m 

0 - 1  - 2   - 3   - 4  - 5  - 6  - 7  - 0  - 9  

-6458 
-6441 -6444 
-6404 -6408 

-6344 -6351 
-6262 -6271 
-61% -61m 
-6035 -6048 
-5891 -5907 

-5730 -5747 
-5550 -5569 
-5354 -5374 
-5141 -5163 
-4912 -4936 

-4669 -4694 
-4410 -4437 
-4138 -4166 
-3852 -3881 
-3553 -3584 

-3242 -3274 
- 2 m  -2953 
-2586 -2620 
-2243 -2277 
-1889 -1925 

-1527 -1563 
-1156 -1193 
- 777 - 816 
- 3 9 2  - 4 3 1  
- 0 - 3 9  

-6446 
-6413 

-6358 
-6280 
-6181 
-6061 
- 5922 

- 5763 
- 5587 
-5394 
-5185 
-4959 

-4719 
-4463 
-4193 
-3910 
-3614 

-3305 
-2985 
-2654 
-2312 
-1961 

-1600 
-1231 
- 854 
- 469 
-79 

-6448 -6450 
-6417 -6421 

-6364 -6371 
-6289 -6297 
-6192 -6202 
-6074 -6087 
-5936 -5951 

-5780 -5796 
-5606 -5624 
-5414 -5434 
-5207 -5228 
-4983 -5006 

-4743 -4768 
-4489 -4515 
-4221 -4248 
-3939 -3968 
-3644 -3674 

-3337 -3368 
-3018 -3050 
-2687 -2721 
-2347 -2381 
- 1 9 9 6  -2032 

-1636 - 1 6 7 3  
-1268 -1305 
- 892 - 930 
- 508 - 547 
- 118 - 157 

- 6452 
-6425 

- 6 m  
-6306 
-6213 
-6099 
-5965 
-5813 
-5642 
-5454 
-5249 
-5029 

-4792 
-4541 
- 4276 
- 3997 
-3m4 

-3399 
-3082 
- 2754 
-2416 
- 2067 

-1709 
-1342 
- 968 
- 585 
- 197 

-6453 
- 6429 

-6382 
-6314 
-6223 
-61 11 
-5980 

-5829 
- 5660 
-5474 
-5271 
-5051 

-4817 
-4567 
- 4303 
-4025 
- 3734 

- 3430 
-31 15 
-2788 
-2450 
-2102 

- 1745 
-1379 
-1005 
- 624 
- 236 

-6455 
-6432 

-6388 
-6322 
-6233 
-6123 
-5994 

-5845 
-5678 
-5493 
-5292 
-5074 

-4841 
-4593 
-4330 
-4053 
-3764 

- 3 4 6 1  
-3147 
- 282 1 
- 2484 
-2137 

-1781 
-1416 
-1043 
- 662 
- 275 

-6456 -6457 
-6435 -6438 

-6394 -6399 
-6329 -6337 
-6243 -6253 
-6135 -6147 
-6007 -6021 

-5860 -5876 
-5695 -5712 
-5512 -5531 
-5313 -5333 
-5097 -5119 

-4865 -4889 
-4618 -4644 
-4357 -4384 
-4082 -4110 
-3793 -3823 

-3492 -3523 
-3179 -3211 
-2854 -2887 
-2518 -2552 
-2173 -2208 

-1817 -1853 
-1453 -1490 
-1081 -1118 
- 701 - 739 
- 314 - 353 

0 1 2 3 4 5 6  7 8 9 

0 
397 
798 

1203 
1611 

2022 
2436 
2850 
3266 
3681 

4095 
4508 
4919 
5327 
5733 

39 
437 
838 

1244 
1652 

2064 
2477 
2892 
3307 
3722 

41 37 
4549 
4960 
5368 
5774 

79 
477 
879 

1285 
1693 

21 05 
2519 
2933 
3349 
3764 

4178 
4590 
5001 
5409 
5814 

119 
517 
919 

1325 
1734 

2146 
2560 
2975 
3390 
3805 

421  9 
4632 
5042 
5450 
5855 

158 
557 
960 

1366 
1 776 

2188 
2601 
301  6 
3432 
3847 

426 1 
4673 
5083 
5490 
5895 

1 9 8  
597 

1040 
1407 
1817 

2229 
2643 
3058 
3473 
3888 

4302 
471  4 
5124 
5531 
5936 

238 
637 

1041 
1448 
1858 

2270 
2684 
31 00 
351 5 
3930 

4343 
4755 
5164 
5571 
5976 

271 
677 

1081 
1489 
1899 

23t2 
2726 
3141 
3556 
3971 

4384 
4796 
5205 
5612 
6016 

317 
718 

1122 
1529 
1940 

2353 
2767 
31 83 
3598 
4012 

4426 
4837 
5246 
5652 
6057 

357 
758 

1162 
1570 
1981 

2394 
2809 
3224 
3639 
4054 

4467 
4878 
5287 
5693 
6097 

emperaturc 
('C) 

- 270 
-260 
-250 

- 240 
-230 
-220 
-210 
-200 

-190 
-180 
-1m 
-160 
-150 

-140 
-130 
-120 
-110 
-100 

-90 
- 8 0  
- 70 
- 60 
- 50 

-40 
- 30 
- 20 
- 10 

0 
emperature 

('C) 

0 
10 
20 
30 
40 

50 
60 

80 
90 

100 
110 
120 
130 
140 

m 

APP-14 



JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DlN43710-1977.) 

-emperaturl 
('C) 

150 
160 
170 
180 
190 

200 
210 
220 
230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

450 
460 
470 
480 
490 

500 
510 
520 
530 
540 

550 
560 
570 
580 
590 

0 1 2 3 4 5 6 7 a 9 

6137 
6539 
6939 
7338 
7737 

81 37 
8537 
8938 
9341 
9745 

10151 
10560 
10969 
11381 
1 1793 

12207 
12623 
13039 
13456 
13874 

14292 
14712 
15132 
15552 
15974 

16395 
16818 
17241 
17664 
18088 

18513 
18938 
19363 
19788 
20214 

20640 
21 066 
2 1493 
21919 
22346 

22712 
23198 
23624 
24050 
24476 

6177 
6579 
6979 
7378 
7777 

8177 
8577 
8978 
9381 
9786 

10192 
10600 
11010 
1 1422 
11835 

12249 
12664 
13080 
13497 
13915 

14334 
14754 
15174 
15594 
16016 

16438 
16860 
17283 
17707 
18131 

18555 
18980 
19405 
19831 
20257 

20683 
21  109 
21 535 
21962 
22388 

2281 5 
23241 
23667 
24093 
2451 9 

621 8 
6619 
701 9 
7418 
7817 

821 6 
861 7 
901 8 
9421 
9826 

10233 
10641 
11051 
1 1463 
1 1876 

12290 
12706 
13122 
13539 
13957 

14376 
14796 
15216 
15636 
16058 

16480 
16902 
17326 
17749 
18173 

18598 
19023 
19448 
19873 
20299 

20725 
21  152 
21 578 
22004 
22431 

22857 
23284 
23710 
241 36 
24561 

6258 
6659 
7059 
7458 
7857 

8256 
8657 
9058 
9462 
9867 

10274 
10682 
1 1093 
11504 
11918 

12332 
12747 
13164 
13581 
13999 

14418 
14838 
15258 
15679 
16100 

16522 
16945 
17368 
17792 
18216 

18640 
19065 
19490 
19916 
20342 

20768 
21  194 
21621 
22047 
22473 

22900 
23326 
23752 
24178 
24604 

6298 
6699 
7099 
7498 
7897 

8296 
8697 
9099 
9502 
9907 

10315 
10723 
11134 
1 1546 
11959 

12373 
12789 
13205 
13623 
14041 

14460 
14880 
15300 
15721 
16142 

16564 
16987 
17410 
17834 
18258 

18683 
19108 
19533 
19959 
20385 

2081 1 
21237 
21 663 
22090 
22516 

22942 
23369 
23795 
24221 
24646 

6338 
6739 
71  39 
7538 
7937 

8336 
8737 
9139 
9543 
9948 

10355 
10764 
11  175 
1 1587 
12000 

12415 
12831 
13247 
13665 
14083 

14502 
14922 
15342 
15763 
16184 

16607 
17029 
17453 
17876 
1 830 1 

18725 
19150 
19576 
20001 
20427 

20853 
21 280 
21706 
221  32 
22559 

22985 
2341 1 
23837 
24263 
24689 

6378 
6779 
71 79 
7578 
7977 

8376 
8777 
9179 
9583 
9989 

10396 
10805 
11216 
11628 
12042 

12456 
12872 
13289 
13706 
14125 

14544 
14964 
15384 
15805 
16227 

16649 
17072 
17495 
17919 
18343 

18768 
19193 
19618 
20044 
20470 

20896 
21 322 
21 749 
22175 
22601 

23028 
23454 
23880 
24306 
2473 1 

641 9 
6819 
721 9 
7618 
801 7 

8416 
8817 
9220 
9624 

10029 

10437 
10846 
11257 
11669 
12083 

12498 
12914 
13331 
13748 
14167 

14586 
15006 
15426 
15847 
16269 

16691 
17114 
17537 
1796 1 
18385 

18810 
19235 
19661 
20086 
2051 2 

20938 
21365 
21791 
22218 
22644 

23070 
23497 
23923 
24348 
24774 

6459 
6859 
7259 
7658 
8057 

8456 
8857 
9260 
9664 

10070 

10478 
10887 
1 1298 
11711 
12125 

12539 
12955 
13372 
13790 
14208 

14628 
15048 
15468 
15889 
1631 1 

16733 
171  56 
17580 
18004 
18428 

18853 
19278 
19703 
20129 
20555 

20981 
21 407 
2 1834 
22260 
22687 

23113 
23539 
23965 
24391 
2481 7 

6499 
6899 
7299 
7697 
8097 

8497 
8898 
9300 
9705 

10111 

10519 
10928 
1 1339 
11752 
12166 

12581 
12997 
13414 
13832 
14250 

14670 
15090 
15510 
15931 
16353 

16776 
17199 
17622 
18046 
18470 

18895 
19320 
19746 
201 72 
20598 

21024 
21450 
21876 
22303 
22729 

23156 
23582 
24008 
24434 
24859 

Units : ~1 V 

remperature 
('C) 

150 
160 
170 
180 
190 

200 
210 
220 
230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

450 
460 
470 
480 
490 

500 
510 
520 
530 
540 

550 
560 
570 
580 
590 

APP-15 
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[ Type- K 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DIN43710-1977.1 Units : u V 

emperatur, 
('C) 

600 
610 
620 
630 
640 

650 
660 
670 
680 
690 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

850 
860 
870 
880 
890 

900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 

0 1 2 3 4 5  6 7 0 9 

24902 
25327 
25751 
26176 
26599 

27022 
27445 
27867 
28288 
28709 

291 28 
29547 
29965 
30383 
30799 

31214 
3 1629 
32042 
32455 
32866 

33277 
33686 
34095 
34502 
34909 

3531  4 
3571  8 
36121 
36524 
36925 

37325 
37724 
38M2 
3851  9 
3891 5 

39310 
39703 
40096 
40488 
40879 

41 269 
41 657 
42045 
42432 
4281  7 

24944 
25369 
25794 
26218 
26642 

27065 
27487 
27909 
28330 
28751 

291 70 
29589 
30007 
30424 
30840 

31256 
31670 
32084 
32496 
32907 

33318 
33727 
341 36 
34543 
34949 

35354 
35758 
361 62 
36564 
36965 

37365 
37764 
381  62 
38558 
38954 

39349 
39743 
40136 
40527 
40918 

41308 
41696 
42084 
42470 
42856 

24987 
2541  2 
25836 
26260 
26684 

271 07 
27529 
27951 
28372 
28793 

2921  2 
29631 
30049 
30466 
30882 

31297 
31712 
32125 
32537 
32948 

33359 
33768 
34176 
34583 
34990 

35395 
35799 
36202 
36604 
37005 

37405 
37803 
38201 
38598 
38994 

39388 
39782 
40175 
40566 
40957 

41347 
41735 
421 23 
42509 
42894 

25029 
25454 
25879 
26303 
26726 

271  49 
27572 
27993 
2841  4 
28835 

29254 
29673 
30091 
30508 
30924 

31 339 
31 753 
32166 
32578 
32990 

33400 
33809 
3421  7 
34624 
35030 

35435 
35839 
36242 
36644 
37045 

37445 
37843 
38241 
38638 
39033 

39428 
39821 
4021  4 
40645 
40996 

41 385 
41 774 
42161 
42548 
42933 

25072 
25497 
25921 
26345 
26769 

27192 
2761  4 
28035 
28456 
28877 

29296 
2971 5 
301  32 
30549 
30965 

31 380 
31794 
32207 
3261  9 
33031 

33441 
33850 
34258 
34665 
35071 

35476 
35880 
36282 
36684 
37085 

37484 
37883 
38281 
38677 
39073 

39467 
39861 
40253 
40645 
41 035 

41 424 
41813 
42200 
42586 
42971 

25114 
25539 
25964 
26387 
2681 1 

27234 
27656 
28078 
28498 
2891  9 

29338 
29756 
30174 
30591 
31007 

31422 
31836 
32249 
32661 
33072 

33482 
33891 
34299 
34705 
35111 

3551  6 
35920 
36323 
36724 
37125 

37524 
37923 
38320 
38717 
391  12 

39507 
39900 
40292 
40684 
41 074 

41463 
41851 
42239 
42625 
4301 0 

251  57 
25582 
26006 
26430 
26853 

27276 
27698 
281  20 
28540 
28961 

29380 
29798 
30216 
30632 
31048 

3 1463 
31 877 
32290 
32702 
331 13 

33523 
33931 
34339 
34746 
35152 

35557 
35960 
36363 
36764 
37165 

37564 
37963 
38360 
38756 
391  52 

39546 
39939 
40332 
40723 
41113 

41 502 
41 890 
42277 
42663 
43048 

25199 
25624 
26048 
26472 
26896 

27318 
27740 
28162 
28583 
29002 

29422 
29840 
30257 
30674 
31090 

31 504 
31918 
32331 
32743 
33154 

33564 
33972 
34380 
34787 
351  92 

35597 
36000 
36403 
36804 
37205 

37604 
38002 
38400 
38796 
39191 

39585 
39979 
40371 
40762 
41 152 

41541 
41 929 
4231  6 
42702 
43087 

25242 
25666 
26091 
2651 5 
26938 

27361 
27783 
28204 
28625 
29044 

29464 
29882 
30299 
3071  6 
31  131 

31 546 
31 960 
32372 
32784 
33195 

33604 
3401  3 
34421 
34827 
35233 

35637 
36041 
36443 
36844 
37245 

37644 
38042 
38439 
38836 
39231 

39625 
4001 8 
40410 
40801 
41  191 

41 580 
41 968 
42355 
42740 
43125 

25284 
25709 
261 33 
26557 
26980 

27403 
27825 
28246 
28667 
29086 

29505 
29924 
30341 
30757 
31 173 

3 1587 
32001 
3241  4 
32825 
33236 

33645 
34054 
34461 
34868 
35273 

35678 
36081 
36483 
36885 
37285 

37684 
38082 
38479 
38875 
39270 

39664 
40057 
40449 
40840 
41230 

41619 
42006 
42393 
42779 
43164 

emperature 
('C) 

600 
610 
620 
630 
640 

650 
660 
670 
680 
690 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

850 
860 

880 
890 

900 
910 
920 
930 
940 

950 
960 

980 
990 

1000 
1010 
1020 
1030 
1040 

870 

970 

APP-16 



JIS C1602-1981 (Complying with ANSI MC 96. 1-1975,  BS1041-1966 and DIN43710-1977.) 

remperature 
(C) 

1050 
1060 
1 w O  
1080 
1090 

1 l o o  
1110 
1120 
1130 
1140 

1150 
1160 

1 1 8 0  
1 1 9 0  

1200 
1210 
1220 
1230 
1240 

1250 
1260 
1 2 7 U  
1280 
1290 

1300 
1310 
1320 
1330 
1340 

1350 
1360 
1370 

1 1 7 0  

43202 
43585 
43968 
44349 
44729 

45106 
45486 
45863 
46238 
46612 

46985 
47356 
47726 
48095 
48462 

48828 
49192 
49555 
431 6 
50276 

50633 
50990 
51344 
51697 
52049 

52398 
52747 
53093 
53439 
53782 

541  25 
54466 
54807 

43240 
43624 
44006 
44387 
44767 

45146 
45524 
45900 
46275 
46649 

47022 
47393 
47763 
48132 
48499 

48865 
49229 
49591 
49952 
5031 1 

50669 
5 1025 
51380 
51733 
52084 

52433 
52781 
531  28 
53473 
5381  7 

541 59 
5450 1 
54841 

43279 
43662 
44044 
44425 
44805 

45184 
45561 
45938 
4631  3 
46687 

47059 
47430 
47800 
481  69 
48536 

48% 1 
49265 
49627 
49988 
50347 

50705 
51061 
51415 
51768 
521  19 

52468 
52816 
53162 
53507 
53851 

541 93 
54535 
54875 

43317 

44082 
44463 
44843 

45222 
45599 
45975 
46350 
46724 

47096 
47468 
47837 
48205 
48572 

48937 
49301 
49663 
50024 
50383 

50741 
51096 
51 450 
51  803 
521  54 

52503 
52851 
531 97 
53542 
53885 

54228 
54569 

43700 
43356 
43739 
44121 
44501 
4 4 8 8 1  

45260 
45637 
46013 
46308 
4676 1 

471  34 
47505 
47874 
48242 
48609 

48974 
49338 
49700 
50060 
5O419 

50776 
51132 
51486 
51838 
521  89 

52538 
52886 
53232 
53576 
53920 

54262 
54603 

43394 
43777 
44159 
44539 
44919 

45297 
45675 
4605 1 
46425 
46799 

47171 
47542 
4791 1 
482% 
48645 

4W10 
49374 
49736 
50096 
50455 

5081 2 
51 167 
51521 
51 873 
52224 

52573 
52920 
53266 
536 1  1 
53954 

54296 
54637 

43432 
43815 
4 4 1 9 7  
44577 
44957 

45335 
4571  2 
46088 
46463 
46836 

47208 
47579 
47948 
48316 
48682 

49047 
4941 0 
4 m  
50132 
50491 

50847 
51203 
51 556 
51908 
52259 

52608 
52955 
53301 
53645 
53988 

54330 
54671 

43471 
43853 
44235 
44615 
44995 

45373 
45750 
461  26 
46500 
46573 

47245 
4761 6 
47985 
48352 
4871  8 

49083 
49446 
49808 
50168 
50526 

50683 
51238 
51  592 
51943 
52294 

52642 
52989 
53335 
53679 
54022 

54364 
54705 

43509 
4 3 8 9 1  
44273 
44653 
45033 

4541 1 
45787 
46163 
46537 
46910 

47202 
47653 
48021 
48389 
48755 

491  20 
49483 
49844 
50204 
50562 

50919 
51274 
51627 
51979 
52329 

52677 
53024 
53370 
53714 
54057 

54398 
54739 

43547 
43930 
4 4 3 1  1 
4469 1 
45070 

45448 
45825 
4620 1 
46575 
46948 

47319 
47689 
48058 
48426 
48792 

49156 
4951  9 
49880 
50240 
50598 

50954 
51309 
51662 
52014 
52364 

52712 
53059 
53404 
53748 
54091 

54432 
54773 

Units : U V  

Temperature 
('C) 

1050 
1060 
1070 
1080 
1090 

1100 
1110 
1120 
1130 
1140 

1150 
1 1 6 0  
1 1 7 0  
1 1 8 0  
1190 

1200 
1210 
1220 
1230 
1240 

1250 
1260 
l m ,  
1280 
1290 

1300 
1310 
1320 
1330 
1340 

1350 
1360 
1370 

These  tables  apply  for  a  reference  junction  temperature of O'C. 
Subtract 798 u V from  the values  in  the  tables  for  a  reference  junction  temperature 
of 20'c. 



APPENDICES 

3.5 Standard thermoelectromotive force tables for type E thermocouples 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and  DIN43710-1977.) Units : p V 

remperature 
('C) 

-no 
-260 
-250 
- 240 
-230 
-220 
-210 
-200 
-190 
-180 

-160 
-150 
-140 
-130 
-120 
-110 
-100 
-90 
-80 

- 60 
-50 
-40 
- 30 
- 20 
-10 

0 

-1m 

-70 

Temperature 
(%I 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 

180 
190 

170 

0 -1 -2  -3 -4 -5  -6 -7 -8 -9 

- 9835 
-9797 
-9719 
- 9604 
-9455 
-9274 
-9063 
-8824 
-8561 
-8273 
-7963 
-7631 
-7279 

- 6907 
-6516 
-6107 
- 5680 
-5237 
-4717 
-4301 
-381 1 
-3306 
-2787 
-2254 
-1709 
-1151 

-581 
0 

-9802 
-9720 
-9617 
-9472 
-9293 
-9085 
-8850 
-8588 
-8303 
-7995 
-7665 
-731 5 
-6945 
-6556 
-6149 
- 5724 
-5282 
-4824 
-4350 
-3860 
-3357 
-2839 
-2308 
-1764 
-1208 

-639 
-59 

-9808 -9813 
-9737 -9746 
-9630 -9642 
-9488 -9503 
-9313 -9332 
-9107 -9129 
-8874 -8899 
-8615 -8642 
-8333 -8362 
-8027 -8058 
-7699 -7733 
-735 1 -7387 
-6983 -7020 
-6596 -6635 
-6190 -6231 
-5767 -5810 
-5327 -5371 
-4870 -4916 
-4398 -4446 
-3910 -3959 
-3408 -3459 
-2892 -2944 
-2362 -2416 
-1819 -1874 
-1264 -1320 

-696 -754 
-117 -176 

-9817 
-9754 
-9654 
-9519 
-9350 
-9151 
-8923 
-8669 
-8391 
-8090 
- 7767 
-7422 
-7058 
-6675 
-6273 
-5853 
-5416 
-4963 
-4493 
-4009 
-3509 
-2996 
-2469 
- 1929 
- 1376 
-81 1 
-234 

- 982 1 
- 9762 
- 9666 
-9534 
-9368 
-9172 
- 8947 
-86% 
-8420 
-8121 
-7800 
-7458 
-7095 
-6714 
-6314 
-5896 
- 5460 
-5009 
-4541 
-4058 
-3560 
- 3048 
-2522 
- 1983 
- 1432 
-868 
-292 

-9825 
-9770 
-9677 
-9549 
-9386 
-9193 
- 897 1 
-8722 
-8449 
-8152 
-7833 
-7493 
-7132 
-6753 
-6354 
-5938 
-5505 
-5055 
-4588 
-4107 
-3610 
-3100 
-2575 
-2038 
-1487 
-925 
-350 

-9828 
-977 

-9688 
- 9563 
-9404 
-9214 
-8994 
- 8748 
-8477 
-8183 
-7866 
-7528 
-7169 
-6792 
-6395 
-5981 
-5549 
-5100 
-4636 
-4156 
- 366 1 
-3152 
-2628 
-2092 
- 1543 
-982 
-408 

-9831 
- 9784 
-9699 
-9577 
-9421 
-9234 
-9017 
-8774 
-8505 
-8213 
-7898 
-7562 
-7206 
-6830 
-6436 
-6023 
-5593 
-5146 
-4683 
-4204 
-371 1 
-3203 
-2681 
-2146 
- 1599 
- 1038 
-466 

-9833 
-9791 
- 9709 
-9591 
-9438 
-9254 
-9040 
-8799 
-8533 
-8243 
-7931 
-7597 
-7243 
-6869 
- 6476 
-6065 
-5637 
-5191 
-4730 
-4253 
- 376 1 
-3254 
-2734 
-2200 
- 1654 
- 1095 
-524 

0 1 2 3 4 5 6 7 8  9 

0 
591 

1192 
1801 
2419 
3047 
3683 
4329 
4983 
5646 
6317 
6996 
7683 
8377 
9078 
9787 

10501 
11222 
11949 
12681 

59 
65 1 

1252 
1862 
2482 
3110 
3748 
4394 
5049 
571  3 
6385 
7064 
7752 
8447 
91 49 
9858 

10573 
11294 
12022 
12755 

118 
71 1 

1313 
1924 
2544 
3173 
381  2 
4459 
51 15 
5780 
6452 
71 33 
782 1 
8517 
9220 
9929 

10645 
11367 
12095 
12828 

176 
770 

1373 
1985 
2607 
3237 
3876 
4524 
5181 
5846 

6520 
720 1 
7890 
8587 
9290 

10000 
10717 
1 1439 
12168 
12902 

235 
830 

1434 
2047 
2669 
33w 
3941 
4590 
5247 
591  3 
6588 
7270 
7960 
8657 
9361 

10072 
10789 
11512 
12241 
12975 

295 
890 

1495 
2109 
2732 
3364 
4005 
4655 
5314 
598 1 
6656 
7339 
8029 
8727 
9432 

10143 
10861 
1 1585 
12314 
13049 

354 
950 

1556 
2171 
2795 
3428 
4070 
4720 
5380 
6048 
6724 
7407 
8099 
8797 
9503 

10215 
10933 
11657 
12387 
13123 

41 3 
101 1 
1617 
2233 
2858 
349 1 
41 34 
4786 
5446 
61 15 
6792 
7476 
81  68 
8867 
9573 

10286 
1 1005 
1 1730 
12461 
13197 

472 
1071 
1678 
2295 
2921 
3555 
4199 
4852 
551  3 
61 82 
6860 
7545 
8233 
8938 
9644 

10358 
l l w 7  
1 1803 
12534 
13271 

532 
1131 
1739 
2357 
2984 
3619 
4264 
4917 
5579 
6250 
6928 
7614 
8307 
9008 
9715 

10429 
11150 
1 1876 
12608 
13345 

remperature 
('C) 

- 270 
-260 
-250 
-240 
-230 
-220 
-210 
-200 
-190 
-180 
- 170 
-160 
-150 
-140 
-130 
-120 
-110 
-100 
-90 
- 80 
-70 
- 60 
-50 
-40 
- 30 
- 20 
-10 

0 
Temperature 

('C) 

0 
10 
20 
30 
40 
50 
60 

80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 

m 



JIS C1602-198 1 (Complying with ANSI MC 96.  1-1975,  BS1041-1966 and DIN43710-1977, 

remperature 
('C) 0 1 2 3  4  5 6 7 8  9 Temperature 

('C) 
I I 

200 

230 
14909  220 
14161  210 
13419 

16417 240 
15661 

250  17178 
260  17942 
270  18710 
280  19481 
290  20256 
300  21033 
310 21814 
320  22597 
330  23383 
340  24171 
350  24961 
360  25754 
370  26549 
380  27345 
390  281  43 
400  28943 
410  29744 
420  30546 
430 31350 
440  32155 
450  32960 
460  33767 
470 34574 
480  35382 
490 36190 
500 36999 
510  37808 
520  38617 
530  39426 
540  40236 
550 41045 
560  41853 
570  42662 
580 43470 
590  44278 
600 45085 
610  45891 
620  46697 
630 47502 
640  48306 
650  49109 
660  4991 1 
670  5071 3 
680  51513 
690  52312 

13493 
14236 
14984 
15736 
16493 
17254 
18018 
18787 
19558 
20333 
21111 
21  892 
22675 
23461 
24250 
25041 
25833 
26628 
27425 
28223 
29023 
29824 
30627 
31430 
32235 
33041 
33848 
34655 
35463 
36271 
37080 
37889 
38698 
39507 
40316 
41  125 
41  934 
42743 
43551 
44358 
451 65 
45972 
46777 
47582 
48386 
491  89 
49992 
50793 
51593 
52392 

13567 
14310 
15059 
15812 
16569 
17330 
18095 
18864 
19636 
2041 1 
21189 
21970 
22754 
23540 
24329 
25120 
25913 
26708 
27504 
28303 
291  03 
29904 
30707 
3151 1 
3231 6 
33122 
33928 
34736 
35544 
36352 
37161 
37970 
38779 
39588 
40397 
41 206 
4201 5 
42824 
43632 
44439 
45246 
46052 
46858 
47663 
48467 
49270 
50072 
50873 
5 1673 
52472 

13641 
14385 
15134 
15887 
16645 
17406 
18172 
18941 
19713 
20488 
2 1267 
22048 
22832 
23619 
24408 
25199 
25992 
26787 
27584 
28383 
291  83 
29984 
30787 
31591 
32396 
33202 
34009 
3481 6 
35624 
36433 
37242 
3805 1 
38860 
39669 
40478 
41287 
42096 
42904 
4371 2 
44520 
45327 
461 33 
46938 
47743 
48547 
49350 
501  52 
50953 
51753 
52552 

13715 
14460 
15209 
15963 
16721 
17483 
18248 
19018 
19790 
20566 
21  345 
22127 
2291 1 
23698 
24487 
25278 
26072 
26867 
27664 
28463 
29263 
30065 
30868 
31 672 
32477 
33283 
34090 
34897 
35705 
365 14 
37323 
381  32 
38941 
39750 
40559 
41 368 
421 77 
42985 
43793 
44601 
45407 
4621 3 
4701 9 
47824 
48627 
49430 
50232 
51 033 
51  833 
52632 

13789 
14534 
15284 
16038 
16797 
17559 
18325 
19095 
19868 
20644 
2 1423 
22205 
22989 
23777 
24566 
25357 
26151 
26947 
27744 
28543 
29343 
301 45 
30948 
31752 
32557 
33364 
341 70 
34978 
35786 
36595 
37403 
3821 3 
39022 
39831 
40640 
41449 
42258 
43066 
43874 
44681 
45488 
46294 
47099 
47904 
48708 
4951 0 
5031 2 
51113 
51913 
5271 1 

13864 
14609 
15359 
16114 
16873 
17636 
18402 
19172 
19945 
20722 
21501 
22283 
23068 
23855 
24645 
25437 
26230 
27026 
27824 
28623 
29423 
30225 
31028 
31  833 
32638 
33444 
34251 
35059 
35867 
36675 
37484 
38293 
391 03 
3991 2 
40721 
41 530 
42339 
43 147 
43955 
44762 
45569 
46375 
471  80 
47984 
48788 
49591 
50392 
51  193 
5 1993 
52791 

13938 14012 
14684 14759 
15435 1551 0 
16190 16266 
16949 17025 
17712 17789 
18479 18556 
19249 19326 
20023 201 00 
20800 20877 
21579 21657 
22362 22440 
231  47 23225 
23934 2401 3 
24724 24803 
25516 25595 
2631 0 26389 
27106 27186 
27903 27983 
28703 28783 
29503  29584 
30305  30386 
31109  31189 
31913  31994 
32719 
33525 
34332 
35140 
35948 
36756 
37565 
38374 
391 84 
39993 
40802 
4161 1 
4241 9 
43228 
44035 
44843 
45649 
46455 
47260 
48065 
48868 
49671 
50472 
5 1273 
52073 
52871 

32799 
33605 
3441 3 
35220 
36029 
36837 
37646 
38455 
39264 
40074 
40883 
4 1692 
42500 
43308 
441  16 
44923 
45730 
46536 
47341 
481 45 
48949 
4975 1 
50553 
51  353 
52152 
52951 

14087 
14834 
15585 
16341 
17101 
17865 
18633 
19404 
20  178 
20955 
21735 
22518 
23304 
24092 
24882 
25675 
26469 
27265 
28063 
28863 
29664 
30466 
31  270 
32074 
32880 
33686 
34493 
35301 
361 09 
36918 
37727 
38536 
39345 
40155 
40964 
41773 
42581 
43389 
441 97 
45004 
4581 1 
4661 6 
47421 
48226 
49029 
49831 
50633 
51 433 
52232 
53031 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 

APP-19 
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APPENDICES 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DlN43710-1977.) Units : p V  

Temperature 
('Cl 

700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
81 0 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 

0 1 2 3 4 5 6 7 0 9 

531  10 
53907 
54703 
55498 
56291 
57083 
57873 
58663 
5945 1 
60237 
61022 
61 806 
62588 
63368 
64147 
64924 
65700 
66473 
67245 
6801 5 
68783 
69549 
7031 3 
71  075 
71  835 
72593 
73350 
741 04 
74857 
75608 
76358 

53190 
53987 
54782 
55577 
56370 
57162 
57952 
58742 
59529 
6031 6 
61  101 
61884 
62666 
63446 
64225 
65002 
65777 
66551 
67322 
68092 
68860 
69626 
70390 
71 151 
71911 
72669 
73425 
74 1 79 
74932 
75683 

53270 
54066 
54862 
55656 
56449 
57241 
5803 1 
58820 
59608 
60394 
61  179 
61 962 
62744 
63524 
64303 
65080 
65855 
66628 
67399 
681 69 
68936 
69702 
70466 
71 227 
71 987 
72745 
73501 
74255 
75007 
75758 

53350 
54146 
54941 
55736 
56529 
57320 
581  10 
58899 
59687 
60473 
61 258 
62041 
62822 
63602 
64380 
651  57 
65932 
66705 
67476 
68246 
6901 3 
69779 
70542 
71 304 
72063 
72820 
73576 
74330 
75082 
75833 

53429 
54226 
55021 
5581 5 
56608 
57399 
58189 
58978 
59765 
60551 
61 336 
621 19 
62900 
63680 
64458 
65235 
66009 
66782 
67553 
68323 
69090 
69855 
70618 
71 380 
721 39 
72896 
73652 
74405 
751 57 
75908 

53509 
54305 
551 00 
55894 
56687 
57478 
58268 
59057 
59844 
60630 
61414 
621 97 
62978 
63758 
64536 
6531 2 
66087 
66859 
67630 
68399 
69166 
69931 
70694 
71  456 
7221 5 

72972 
73727 
74480 
75232 
75983 

53589 
54385 
55180 
55974 
56766 
57557 
58347 
591  36 
59923 
60708 
6 1493 
62275 
63056 
63836 
64614 
65390 
661 64 
66937 
67707 
68476 
69243 
70008 
70771 
71 532 
72290 
73047 
73802 
74556 
75307 
76058 

53668 
54464 
55259 
56053 
56845 
57636 
58426 
592  14 
60001 
60787 
61571 
62353 
63134 
63914 
64691 
65467 
66241 
670 14 
67784 
68553 
69320 
70084 
70847 
71 608 
72366 
73123 
73878 
7463 1 
75382 
761 33 

53748 
54544 
55339 
561 32 
56924 
5771 5 
58505 
59293 
60080 
60865 
61 649 
62432 
6321 2 
63992 
64769 
65545 
6631 9 
67091 
6786 1 
68630 
69396 
70161 
70923 
71 683 
72442 
73  199 
73953 
74706 
75458 
76208 

53828 
54623 
55418 
5621 2 
57004 
57794 
58584 
59372 
601 59 
60944 
6 1728 
62510 
63290 
64069 
64847 
65622 
66396 
671 68 
67938 
68706 
69473 
70237 
70999 
71 759 
72518 
73274 
74029 
74781 
75533 
76283 

remperature 
('C) 

700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

1000 

These tables  apply for a reference  junction  temperature of O'C. 
Subtract -3 ~1 V from  the values in  the tables  for a reference  junction  temperature 
of 20'c. 



3.6 Standard thermoelectromotive force tables for type J thermocouples 

JIS C1602-1981 (Complying with ANSI  MC 96.  1-1975,  BS1041-1966 and  DlN43710-1977.) 

rernperature 
(C) 

-210 
- 200 

-190 
-180 

-160 
-150 

-140 
-130 
-120 
-110 
-100 

-90 
- 80 
- m  
- 60 
- 50 

- 4 0  
- 30 
- 20 
- 10 

0 
rernperature 

('C 1 
0 

10 
20 
30 
40 

50 
60 

80 
90 

100 
110 
120 
130 
140 

150 
160 

180 
190 

- 1 m  

m 

1 m  

0 - 1  - 2  - 3  - 4  - 5  - 6  - 7  - a  - 9  

-8096 
-7890 -7912 

-7659 -7683 
-7402 -7429 
-7122 -7151 
-6821 -6852 
-6499 -6532 

-6159 -6194 
-5801 -5837 
-5426 -5464 
-5036 -5076 
-4632 -4673 

-4215 -4257 
-3785 -3829 
-3344 -3389 
-2892 -2938 
-2431 -2478 

-1960 -2008 
-1481 -1530 
- 995 -1044 
- 501 - 550 

0 - 50 

-7934 

-7707 
-7455 
-7180 
-6883 
-6565 

-6228 
-5874 
-5502 
-51 15 
-4714 

-4299 
-3872 
-3433 
- 2984 
-2524 

-2055 
- 1578 
- 1093 
- 600 
- 101 

-7955 

-7731 
-7482 
-7209 
-6914 
-6598 

-6263 
-5910 
- 5540 
-5155 
-4755 

-4341 
-3915 
-3478 
- 3029 
-2570 

-2102 
- 1626 
-1141 
- 650 
- 151 

-7976 

-n55 
-7508 
-7237 
- 6944 
-6630 

-6297 
- 5946 
-5578 
-5194 
-4795 

-4383 
-3958 
-3522 
- 3074 
-2617 

-2150 
- 1674 
-1190 
- 699 - 201 

-7996 

-"78 
-7533 
-7265 
- 6974 
-6663 

-6331 
-5982 
-5615 
-5233 
-4836 

-4425 
-4001 
-3566 
-3120 
-2663 

-2197 
-1722 
- 1239 
- 748 
- 251 

-8017 

-7801 
-7559 
-7293 
-7004 
-6695 

-6365 
-6018 
-5653 
- 5272 
-4876 

-4467 
-4044 
-3610 
-3165 
- n o 9  

- 2244 
- 1770 
- 1288 
- 798 
- 301 

-8037 

-7824 
-7584 
-7321 

-6727 

-6399 
-6053 
- 5690 
-531 1 
-4916 

-4508 
-4087 
-3654 
-3210 
-2755 

-2291 
-1818 
-1336 
- 847 
- 351 

-7034 

-8057 

-7846 
-7609 
-7348 
-7064 
-6758 

-6433 
-6089 
- 5727 
-5349 
-4956 

-4550 
-4130 
-3698 
-3255 
-2801 

-2338 
-1865 
-1385 
- 896 
- 401 

-8076 

-7868 
-7634 
-7375 

-6790 

-6466 
-6124 
-5764 
-5388 
-4996 

-4591 
-4172 
-3742 
-3299 
-2847 

-2384 
-1913 
-1433 
- 945 
- 451 

-7093 

0 1 2 3 4 5 6 7 a 9 

0 
507 

1019 
1536 
2058 

2585 
3115 
3649 
41 86 
4725 

5268 
581 2 
6359 
6907 
7457 

8008 
8560 
91  13 
9667 

10222 

50 
558 

1 0 7 0  
1588 
2111 

2638 
3168 

4239 
4780 

5322 
5867 
6414 
6962 
7512 

8063 
8616 
91 69 
9723 

1 om 

3m2 

101 
609 

1122 
1640 
2163 

2691 
3221 
3756 
4293 
4834 

5376 
5921 
6468 
701 7 
7567 

81 18 
8 6 7 1  
9224 
9778 

10333 

151 
660 

1174 
1693 
2216 

2743 
3275 
3809 
4347 
4888 

5431 
5976 
6523 
m 
7622 

81 74 
8726 
9279 
9834 

10388 

202 
71 1 

1225 
1745 
2268 

2796 
3328 
3863 
4401 
4942 

5485 
603 1 
6578 
71 27 
7677 

8229 
8781 
9335 
9889 

10444 

253 
762 

1277 
1797 
2321 

2849 
3381 
3917 
4455 
4996 

5540 
6085 
6633 
7182 
7732 

8284 
8837 
9390 
9944 

10499 

303 
81 3 

1329 
1849 
2374 

2902 
3435 
3971 
4509 
5050 

5594 
6140 
6688 
7237 
7787 

8339 
8892 
9446 

10000 
10555 

354 
865 

1381 
1901 
2426 

2956 
3488 
4024 
4563 
51 05 

5649 
61  95 
6742 
7292 
7843 

8394 
8947 
950 1 

10055 
10610 

405 
91 6 

1432 
1954 
2479 

3009 
3542 
m 
4617 
51 59 

5703 
6249 
6797 
7347 
7898 

8450 
9003 
9556 

101 11 
10666 

456 
967 

1484 
2006 
2532 

3062 
3595 
41  32 
4671 
5213 

5758 
6304 
6852 
7402 
7953 

8505 
9058 
9612 

10166 
lonl 

Units : p V 

Ternperaturc 
('Cl 

-210 
- 200 

-190 
-180 
- 1 m  
-160 
-150 

-140 
-130 
-120 
-110 
-100 

- 90 
- 80 
- 70 
- 60 
- 50 

- 40 
- 30 
- 20 
- 10 

0 

'ernperature 
('C) 

0 
10 
20 
30 
40 

50 
60 

80 
90 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

m 



JIS C1602-1981 (Complying with ANSI MC 96.  1-1975,  BS1041-1966 and DIN43710-1977.) 

:emperatwe 
(C) 0 .  1 2  3 4 5 6 7 8 9 

I 

200 
210 

1 W n  

1 2 9 9 8  240 
12442 230 
11887 220 
11332 

250  13553 
260  14108 
270 14663 
280  15217 
290 15771 

300  16325 
310 16879 
320  17432 
330  17984 
340 18537 

350  19089 
360 1 9 6 4 0  
370 201% 
380 20743 
390  21295 

400 21846 
410 22397 
420 22949 
430 23501 
440 24054 

450  24607 
460 25161 
470 25716 
480 26272 
490 26829 

500 27388 
510 T7949 
520 28511 
530 29075 
540 29642 

550 30210 
560 30782 
570  31356 
580 31933 
590 32513 

600  33096 
610  33683 
620 34273 
630 34867 
640 35464 

10832 
11387 
11943 
12498 
13053 

13608 
14163 
14718 
15273 
15827 

16380 
16934 
17487 
18039 
18592 

19144 
19695 
20247 
20798 
21  350 

21901 
22453 
23004 
23556 
241  09 

24662 
25217 
25772 
26328 
26885 

27444 
28005 
28567 
291  32 
29698 

30267 
30839 
31413 
31991 
32571 

33155 
33742 
34332 
34926 
35524 

1 0 8 8 8  
11443 
1 1 9 %  
12553 
13109 

13364 
14219 
14774 
15328 
15882 

16436 
16989 
17542 
1 EO95 
18647 

19199 
19751 
20302 
20853 
21 405 

21956 
22508 
23060 
2361  2 
24164 

2471 8 
25272 
25827 
26383 
26941 

27500 
28061 
28624 
29188 
29755 

30324 
30896 
31471 
32048 
32629 

3321  3 
33800 
34391 
34986 
35584 

10943 
11498 
12054 
12609 
13164 

13719 
14274 
14829 
15383 
15938 

16491 
17044 
17597 
18150 
1 8m2 

19254 
1 9 8 0 6  
20357 
20909 
21460 

2201 1 
22563 
231  15 
23667 
24220 

24713 
25327 
25883 
26439 
26997 

27556 
281  17 
28680 
29245 
29812 

30381 
30954 
31 528 
321 06 
32687 

33,272 
33859 
3445 1 
35046 
35644 

1 0 9 9 9  
11554 
12109 
12664 
13220 

13775 
14330 
14885 
15439 
15993 

16547 
17100 
17653 
18205 
18757 

19309 
1 9 3 6 1  
20412 
20964 
21515 

22066 
2261 8 
23170 
23722 
24275 

24829 
25383 
25938 
26495 
27053 

27612 
281  73 
28736 
29301 
29869 

30439 
31011 
31586 
321 64 
32746 

33330 
3391  8 
34510 
35105 
35704 

11054 
11609 
12165 
12720 
13275 

13830 
14385 
14940 
15494 
16048 

16602 
17155 
17)08 
18260 
18813 

19364 
19916 
20467 
21019 
21 5 m  

221 n 
22673 
23225 
23771 
24330 

24884 
25438 
25994 
26551 
271  09 

27668 
28230 
28793 
29358 
29926 

30496 
31068 
31 644 
32222 
32804 

33389 
33977 
34569 
35165 
35764 

11110 
11665 
12220 
12776 
13331 

13886 
1 4 4 4 1  
14995 
15550 
16104 

16657 
17210 
17763 
18316 
18868 

19420 
19971 
20523 
21074 
21625 

221  77 
22728 
23280 
23833 
24386 

24939 
25494 
26050 
26606 
271 65 

m 4  
28286 
28849 
2941 5 
29983 

30553 
31126 
31M2 
32280 
32862 

33448 
34036 
34629 
35225 
35825 

11165 
11720 
12276 
12831 
13386 

13941 
14496 
15051 
15605 
16159 

1671  3 
1 7 2 6 6  
17818 
18371 
18923 

19475 
20026 
20578 
21129 
21680 

22232 
22784 
23336 
23888 
24441 

24995 
25549 
261 05 
26662 
27220 

rn 
28342 
28906 
29471 
30039 

3061 0 
31183 
31759 
32338 
32921 

33506 
34095 
34688 
35285 
35885 

11221 
1 1 7 7 6  
12331 
12887 
13442 

13997 
14552 
15106 
15661 
16214 

16768 
17321 
17874 
18426 
18978 

19530 
20081 
20633 
21  184 
21  736 

22287 
22839 
23391 
23943 
24496 

25050 
25605 
26161 
2671  8 
m 
m 
28398 
28962 
29528 
33096 

30667 
31241 
31817 
32396 
32979 

33565 
341 55 
34748 
35344 
35945 

11276 
11831 
12387 
12942 
1 3 4 9 7  

14052 
14607 
15162 
15716 
16270 

16823 
17376 
17929 
1 8 4 8 1  
19033 

19585 
201  37 
20688 
21239 
21791 

22342 
22894 
23446 
23999 
24552 

25106 
25661 
26216 
26774 
27332 

27893 
28455 
29019 
29585 
301  53 

30724 
31298 
31  875 
32455 
33038 

33624 
34214 
34807 
35404 
36005 

Units : p V 

remperature 
(‘C) 

200 
210 
220 
230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
410 
420 
430 
440 

450 
460 
470 
480 
490 

500 
510 
520 
530 
540 

550 
560 

580 
590 

600 
610 
620 
630 
640 

5m 

APP-22 
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JIS C1602-1981 (Complying with ANSI  MC 96,  1-1975,  BS1041-1966 and DIN43710-1977.) Units : ~1 V 

Temperaturf 
('C) 

650 
660 
670 
680 
690 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

850 
860 
870 
880 
890 

900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 

1050 
1060 
1070 
1080 
1090 

0 1 2 3 4 5 6 7 0 9 

36066 
36671 
37280 
37893 
3851 0 

39130 
39754 
40382 
41013 
41  647 

42283 
42922 
43563 
44207 
44852 

45498 
46144 
46790 
47434 
48076 

48716 
49354 
49989 
50621 
51  249 

5 1875 
52496 
53115 
53729 
54341 

54948 
55553 
561 55 
56753 
57349 

57942 
58533 
59121 
59708 
60293 

60876 
61459 
62039 
6261 9 
631  99 

36126 
36732 
3734 1 
37954 
38572 

391  92 
39817 
40445 
41  076 
41710 

42347 
42986 
43627 
4427 1 
44917 

45563 
46209 
46854 
47498 
48140 

48780 
4941 8 
50052 
50684 
51312 

51937 
52558 
53176 
53791 
5440 1 

55009 
5561 3 
56215 
56813 
57408 

58001 
58592 
59180 
59767 
60351 

60935 
61517 
62097 
62677 
63257 

36186 
36792 
37402 
38016 
38633 

39255 
39880 
40508 
41  139 
41  774 

4241 1 
43050 
43692 
44336 
44981 

45627 
46273 
46919 
47562 
48204 

48844 
49481 
501  16 
50747 
51  375 

5 1999 
52620 
53238 
53852 
54462 

55070 
55674 
56275 
56873 
57468 

58060 
5865 1 
59239 
59825 
6041 0 

60993 
6 1575 
621  56 
62735 
633  14 

36247 
36853 
37463 
38078 
38695 

39317 
39942 
4057 1 
41  203 
41  837 

42475 
43114 
43756 
44400 
45046 

45692 
46338 
46983 
47627 
48269 

48908 
49545 
50179 
5081 0 
51437 

5206 1 
52682 
53299 
53913 
54523 

55130 
55734 
56334 
56932 
57527 

581  20 
5871 0 
59298 
59884 
60468 

61051 
61633 
62214 
62793 
63372 

36307 
3691 4 
37525 
38139 
38757 

39379 
40005 
40634 
41  266 
41901 

42538 
43  178 
43820 
44465 
451 1 1  

45757 
46403 

47691 
48333 

48972 
49608 
50242 
50873 
51 500 

521  24 
52744 
53361 
53974 
54584 

55191 
55794 
56394 
56992 
57586 

58179 
58769 
59356 
59942 
60527 

61  109 
61691 
62272 
62851 
63430 

47047 

36368 
36975 
37586 
38201 
3881 9 

39442 
40068 
40697 
41  329 
41965 

42602 
43242 
43885 
44529 
45175 

45821 
46467 
471  12 
47755 
48397 

49036 
49672 
50305 
50936 
51562 

52186 
52806 
53422 
54035 
54645 

55251 
55854 
56454 
57051 
57646 

58238 
58827 
5941 5 
60001 
60585 

61  168 
61749 
62330 
62909 
63488 

36428 
37036 
37647 
38262 
38882 

39504 
40131 
40760 
41  393 
42028 

42666 
43306 
43949 
44594 
45240 

45886 
46532 
47176 
47819 
4846 1 

49099 
49735 
50369 
50998 
51  625 

52248 
52868 
53484 
54096 
54706 

5531 2 
55914 
56514 
571 1 1  
57705 

58297 
58886 
59474 
60059 
60643 

61226 
61807 
62388 
62967 
63546 

36489 
37097 
37709 
38324 
38944 

39567 
40193 
40823 
41456 
42092 

42730 
43370 
44014 
44658 
45304 

45950 
46596 
47241 
47884 
48525 

49163 
49799 
50432 
51061 
51  687 

22310 
52929 
53545 
541  57 
54766 

55372 
55974 
56574 
57170 
57764 

58356 
58945 
59532 
601  18 
60702 

61284 
61865 
62446 
63025 
63604 

36549 
371  58 

38386 
39006 

39629 
40256 
40886 
41  520 
42156 

42794 
43435 
44078 
44723 
45369 

4601 5 
46661 
47305 
47948 
48589 

49227 
49862 
50495 
51 124 
5 1 750 

52372 
52991 
53607 
54219 
54827 

55432 
56035 
56634 
57230 
57824 

58415 
59004 
59591 
60176 
60760 

61  342 
61923 
62504 
63083 
63662 

3mo 

36610 
37219 
3783 1 
38448 
39068 

39692 
40319 
40950 
41583 
42219 

42858 
43499 
4 4 1  42 
44788 
45434 

46080 
46725 
47369 
4801 2 
48653 

49291 
49926 
50558 
51  187 
51812 

52434 
53053 
53668 
54280 
54888 

55493 
56095 
56693 
57289 
57883 

58474 
59063 
59650 
60235 
6081 8 

61400 
61981 
62562 
63141 
63719 

'emperature 
('C) 

650 
660 
670 
680 
690 

700 
71 0 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

850 
860 
870 
880 
890 

900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 

1050 
1060 
1070 
1080 
1090 
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I Type J I 
JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and DIN43710-1977.) Units : p V 
- ernperaturc 

('C) 

1100 
1110 
1120 
1130 
1140 

1150 
1160 
1170 
1180 
1190 

1200 

0 1 2 3 4 5 6 1 8 Ternperaturc 
('C) 

63777 63835 63893 63951 64009 64066 64124 64182 64240 64298 

1140 66087 66145 66202 66260 66318 66375 66433 66491 66548 66606 
1130 65510 65568 65626 65683 65741 65799 65856 65914 65972 66029 
1120 64933 64991 65048 65106 65164 65222 65279 65337 65395 65453 
1110 64355 64413 64471 64529 64586 64644 64702 64760 64817 64875 
1100 

66664 66721 66779 66836 66894 66952 67009 67067 67124 67182 1150 
67240 67297 67355 6741 2 67470 67527 67585 67643 67700 67758 1160 
67815 67873 67930 67988 68045 68103 68160 68217 68275 68332 1170 
68390 68447 68505 68562 68619 68677 68734 68792 68849 68906 1180 
68964 69021 69078 69135 69193 69250 69307 69364 69422 69479 1190 

69536 1200 

These  tables  apply for a reference  junction  temperature  of O'C. 
Subtract 1 0 1 9 ~ V  from  the  values  in  the  tables  for a reference  junction 
temperature of 20'C. 
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I Type -r I 
3.7 Standard thermoelectromotive force tables for type T thermocouples 

JIS C1602-1981 (Complying with ANSI MC  96.  1-1975,  BS1041-1966 and  DIN43710-1977.) Units : V 

Temperature 
('C) 
-270 
- 260 
- 250 
- 240 
-230 
-220 
-210 
-200 

-190 
-180 
-170 
-160 
-150 

-140 
-130 
-120 
-110 
-100 

- 90 
-80 
-70 
-60 
- 50 
- 40 
- 30 
- 20 
-10 

0 
Temperature 

('C) 
0 
10 
20 
30 
40 

50 
60 
70 
80 
90 
100 
110 
120 
130 
1 4 0  

150 
160 
1 70 
180 
190 

0 -1 -2 -3 -4 -5  -6 -7 -a -9 

-6258 
-6232  -6236 
-6181  -6187 

-6105 -6114 
-6007 -6018 
-5889 -5901 
-5753 -5767 
-5603 -5619 

-5439 -5456 
-5261 -5279 
-5069 -5089 
-4865 -4886 
-4648 -4670 

-4419 -4442 
-4177 -4202 
-3923 -3949 
-3656 -3684 
- 3378 - 3407 
-3089 -3118 
-2788 -2818 
-2475 -2507 
-2152 -2185 
-1819 -1853 

-1475 -1510 
-1121 -1157 
-757 -794 
-383 -421 

0 -39 

-6239 
-6193 

-6122 
-6028 
-5914 
- 5782 
-5634 

- 5473 
- 5297 
-5109 
-4907 
-4693 

-4466 
-4226 
- 3974 
-371 1 
- 3435 
-3147 
- 2849 
-2539 
-2218 
-1886 

-1544 
-1192 
-830 
-458 
-n 

-6242 
-6198 

-6130 
-6039 
-5926 
-5795 
-5650 

- 5489 
-5315 
-5128 
-4928 
-4715 

-4439 
-4251 
- 4000 
- 3737 
- 3463 
-3177 
-2879 
-2570 
-2250 
- 1920 
-1579 
- 1228 
- 867 
-496 
-116 

-6245 
-6204 

-6138 
-6049 
- 5938 
- 5809 
-5665 

-5506 
-5333 
-5147 
-4948 
- 4737 
-4512 
-4275 
-4026 
- 3764 
-3491 

- 3206 
- 2909 
- 2602 
-2283 
- 1953 
-1614 
- 1263 
-903 
-534 
-154 

-6248 
-6209 

-6146 
-6059 
-5950 
-5823 
-5680 

-5522 
-5351 
-5167 
-4969 
-4758 

-4535 
-4299 
-4051 
-3791 
-3519 

-3235 
-2939 
-2633 
-2315 
- 1987 

-1648 
-1299 
- 940 
- 571 
- 193 

-6251 
-6214 

-6153 
-6068 
-5962 
-5836 
-5695 

-5539 
-5369 
-5186 
-4989 
-4780 

-4558 
-4323 
-4077 
-3818 
-3547 

-3264 
-2970 
-2664 
-2348 
-2020 

- 1682 
- 1334 
- 976 
-608 
-231 

-6253 
-6219 

-6160 
- 6078 
-5973 
-5850 
-5710 

-5555 
-5387 
-5205 
-5010 
-4801 

-4581 
- 4347 
-4102 
- 3844 
-3574 

-3293 
-2999 
-2695 
- 2380 
-2053 

-1717 

-1013 
-646 
-269 

-1370 

-6255 
-6224 

-6167 
-6087 
-5985 
- 5863 
-5724 

-5571 
- 5404 
-5223 
-5030 
-4823 

-4603 
-4371 
-4127 
-3870 
-3602 

-3321 
-3029 
-2726 
-2412 
- 2087 
-1751 
-1405 
-1049 
-683 
- 307 

-6256 
-6228 

-6174 
-6096 
- 5996 
- 5876 
-5739 

-5587 
-5421 
-5242 
-5050 
-4844 

-4626 
-4395 
-4152 
- 3897 
-3629 

-3350 
-3059 
- 2757 
- 2444 
-2120 

- 1785 
- 1 4 4 0  
-1085 
-720 
- 345 

0 1 2 3 4 5 6 7 a 9 

0 
39 1 
789 

1 1 9 6  
161 1 

2035 
2467 
2908 
3357 
381 3 
4277 
4749 
5227 
571 2 
6204 
6702 
7207 
7718 
8235 
8757 

39 
430 
830 
1237 
1653 

2078 
251 1 
2953 
3402 
3859 
4324 
4796 
5275 
576 1 
6254 

6753 
7258 
7769 
8287 
8810 

78 
470 
870 
1279 
1695 

2121 
2555 
2997 
3447 
3906 
437 1 
4844 
5324 
581 0 
6303 

6803 
7309 
782 1 
8339 
8863 

117 
510 
91 1 
1320 
1738 

2164 
2599 
3042 
3493 
3952 
4418 
4891 
5372 
5859 
6353 

6853 
7360 
7872 
8391 
891 5 

156 
549 
951 
1361 
1780 

2207 
2643 
3087 
3538 
3998 
4465 
4939 
5420 
5908 
6403 

6903 
741 1 
7924 
8443 
8968 

195 
589 
992 
1403 
1822 

2250 
2687 
3131 
3584 
4044 
451 2 
4987 
5469 
5957 
6452 

6954 
7462 
7975 
8495 
902 1 

234 
629 
1032 
1 4 4 4  
1865 

2294 
273 1 
3 176 
3630 
4091 
4559 
5035 
5517 
6007 
6502 

mu 
7513 
8027 
8548 
9M4 

273 
669 
1073 
1 4 8 6  
1907 

2337 
2??5 
3221 
3676 
41  37 
4647 
5083 
5566 
6056 
6552 

7055 
7564 
8079 
8600 
91 27 

312 
709 
1114 
1528 
1950 

2380 
281 9 
3266 
372 1 
4184 
4654 
5131 
561 5 
6105 
6602 

7106 
761 5 
8131 
8652 
91  80 

351 
749 
1155 
1569 
1992 

2424 
2864 
3312 
3767 
423 1 
470 1 
5179 
5663 
61 55 
6652 
71  56 
7666 
81  83 

9233 
8705 

Temperature 
('CI 

- 270 
-260 
-250 

-240 
-230 
-220 
-210 
-200 

-190 
-180 
- 170 
-160 
-150 

- 1 4 0  
-130 
-120 
-110 
-100 

-90 
-80 
-70 
- 60 
- 50 
-40 
- 30 
- 20 
-10 

0 
Temperature 

(%I 
0 
10 
20 
30 
40 

50 
60 

80 
90 
100 
110 
120 
130 
1 4 0  

150 
160 
1 70 
180 
190 

m 
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. 

JIS C1602-1981  (Complying with ANSI MC 96 .  1-1975,  BS1041-1966  and  DlN43710-1977.) Units : p V  

Temperature 
('Cl 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 

0 1 2 3 4 5 6 1 0 9 

9286 9339 9392 9446 9499 9553 9606 9659 9713 9767 
9820 9874 9928 9982 10036 1M390 101  14 10198 10252 10306 
10360 10414 10469 10523 10578 10632 10687 10741 1 0 7 9 6  10851 
10905 10960 11015 l l W 0  11125 1 1 1 8 0  11235 11290 11345 11401 
11456 11511 11566 11622 11677 11733 11788 11844 1 1 9 0 0  11956 
12011 12067 12123 12179 12235 12291 12347 12403 12459 12515 
12572 12628 12684 12741 1 2 7 9 7  12854 12910 12967 13024 13080 
13137 13194 13251 13307 13364 13421 13478 13535 13592 13650 
13707 13764 13821 13879 13936 13993 14051 14108 14166 14223 
14281 14339 143% 14454 14512 14570 14628 1 4 6 8 6  14744 14802 
14860 14918 14976 15034 15092 15151 15209 15267 15326 15384 
15443 15501 15560 15619 1 5 6 7 7  15736 15795 15853 15912 15971 
16030 16089 16148 16207 16266 16325 16384 1 6 4 4 4  16503 16562 
16621 16681 16740 16800 16859 16919 16978 17038 17097 17157 
17217 17277 17336 17396 17456 17516 17576 17636 17696 17756 
17816 17877 17937 1 7 9 9 7  18057 18118 18178 18238 1 8 2 9 9  18359 
18420 18480 18541 18602 18662 18723 18784 18845 18905 18966 
19027 1 9 0 8 8  19149 19210 19271 19332 19393 19455 19516 19577 
19638 19699 19761 19822 19883 19945 20006 20068 20129 20191 
20252 20314 20376 20437 20499 20560 20622 20684 20746 20807 
20059 

[REMARKS[ 
These  tables  apply for a reference junction temperature of O'C. 

Temperature 
('Cl 

2w3 
210 
220 
230 
240 

250 
260 
2m 
280 
290 
300 
310 
320 
330 
340 

350 
360 
370 
380 
390 

4cQ 

Subtract 789 IJ V from  the  values  in  the tables  for a reference  junction temperature 
of 20'C. 



I Type Fe-CuNi I 
3.8 Standard  thermoelectromotive force tables for type Fe-CuNi  thermocouples 

DIN43710-1977 Units : mV 

remperature 
('C) 

-200 
- 190 
- 180 
- 170 
-160 
-150 
-140 
-130 
-120 
-110 
-100 
- 90 
- 80 
-70 
-60 
- 50 
- 40 
-30 
-20 
-10 

-0 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

0 1 2 3 4 5 6 7 8 9 

-8.15 
-7.86 
-7.56 
-7.25 
-6.93 
-6.60 
-6.26 
-5.90 
-5.53 
-5.15 
-4.75 
-4.33 
-3.89 
-3. 44 
- 2.98 
-2.51 
-2.03 
-1.53 
-1.02 
-0.51 

0.00 
0.00 
0.52 
1.05 
1.58 
2.11 
2.65 
3.  19 
3.73 
4.27 
4.82 
5.37 
5.92 
6.47 
7.03 

- 
-7.89 
-7.59 
-7.28 
-6.'96 
-6.63 
-6.29 
-5.93 
-5.57 
-5.19 
-4.79 
-4.37 
-3.93 
-3.48 
-3.02 
-2.56 
-2.08 
-1.58 
-1.07 
-0.56 
-0.05 

0.05 
0.57 
1.10 
1.63 
2. 16 
2.70 
3.24 
3.78 
4.32 
4.87 
5.42 
5.97 
6.53 
7.09 

- 
-7.92 
-7.62 
-7.31 
-6.99 
-6.66 
-6.33 
-5.97 
-5.60 
-5.22 
-4.83 
-4.41 
- 3.98 
-3.53 
-3.07 
-2.60 
-2.12 
-1.63 
-1.12 
-0.61 
-0.10 

0. 10 
0.63 
1. 16 
1.69 
2.22 
2.76 
3.30 
3.84 
4.38 
4.93 
5.48 
6.03 
6.58 
7. 14 

- 
-7.95 
-7.65 
-7.34 
-7.03 
-6.70 
-6.36 
-6.01 
-5.64 
-5.26 
-4.87 
-4.45 
-4.02 
-3.57 
-3.12 
-2.65 
-2.17 
-1.68 
-1.17 
-0.66 
-0.15 

0. 16 
0.68 
1.21 
1.74 
2.27 
2.81 
3.35 
3.89 
4.43 
4.98 
5.53 
6.08 
6.64 
7.20 

- 
-7.98 
-7.68 
-7.37 
-7.06 
-6.73 
-6.39 
-6.04 
-5.68 
-5.30 
-4.91 
-4.50 
-4.06 
-3.62 
-3.16 
-2.70 
-2.22 
-1.73 
-1.22 
-0.71 

-0.20 
0.21 
0.73 
1.26 
1.79 
2. 33 
2.87 
3.41 
3.95 
4.49 
5.04 
5.59 
6. 14 
6.69 
7. 25 

- 
-8.00 
-7.71 
-7.40 
-7.09 
-6.76 
-6.43 
-6.08 
-5.71 
-5.34 
-4.95 
-4.54 
-4.11 
-3.66 
-3.21 
-2.74 
-2.27 
-1.78 
-1.27 
-0.76 
-0.25 

0.26 
0.78 
1.31 
1.84 
2.38 
2.92 
3.46 
4.00 
4.54 
5.09 
5.64 
6. 19 
6.75 
7. 31 

- 
-8.03 
-7.74 
-7.44 
-7.12 

-6.80 
-6.46 
-6.11 
-5.75 
-5.38 
-4.99 
-4.58 
-4.15 
-3.71 
-3.25 
- 2.79 
- 2.32 
-1.83 
-1.32 
-0.81 
-0.31 

0.31 
0.84 
1.37 
1.90 
2.43 
2.97 
3.51 
4.05 
4.60 
5. 15 
5.70 
6.25 
6.81 
7.37 

- 
-8.06 
-7. 77 
-7.47 
-7.15 
-6.83 
-6.50 
-6.15 
- 5.79 
-5.41 
-5.03 
-4.62 
-4.20 
-3.75 
-3.30 
-2.84 
-2.36 
-1.88 
-1.38 
-0.87 
-0.36 

0.36 
0.89 
1.42 
1.95 
2.49 
3.03 
3.57 
4. 11 
4.65 
5.20 
5.75 
6.30 
6.85 
7.42 

- - 
-8.09 -8.12 
-7.80 -7.83 
-7.50 -7.53 
-7.19 -7.22 
-6.86 -6.90 
-6.53 -6.56 
-6.19 -6.22 
-5.82 -5.86 
-5.45 -5.49 
-5.07 -5.11 
-4.66 -4.71 
-4.24 -4.28 
-3.80 -3.84 
-3.35 -3.39 
-2.88 -2.93 
-2.41 -2.46 
-1.93 -1.98 
-1.43 -1.48 
-0.92 -0.97 
-0.41 -0.46 

0.42 0.47 
0.94 1.00 
1.47 1.53 
2.00 2.06 
2.54 2.60 
3.08 3. 14 
3.62 3.68 
4.  16 4.22 
4.71 4.77 

5.26 5.32 
5.81 5.87 
6.36 6.42 
6.92 6.97 
7.48 7.53 

remperature 
('C) 

-200 
- 190 
-180 
-170 
- 160 
-150 
-140 
-130 
-120 
-110 
-100 
- 90 
- 80 
- 70 
- 60 
-50 
-40 
-30 
- 20 
-10 

-0 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
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Temperature 
(‘C) 

140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 

I Type Fe-CuNi 1 
Units : rnV 

0 1 2 3 4 5 6 7 0 9 

7.59 
8. 15 
8. 71 
9.27 
9.83 

10.39 
10.95 
11.51 
12.07 
12.63 
13.19 
13.75 
14.31 
14.88 
15.44 
16.00 
16.56 
17.12 
17.68 
18.24 
18.80 
19.36 
19.92 
20.48 
21.04 
21.60 
22.16 
22. n 
23.29 
23.86 
24.43 
25.00 
25.57 
26.14 

7.65 
8.21 
8.77 
9.33 
9.89 

10.45 
11.01 
11.57 
12.13 
12.69 
13.25 
13.81 
14.37 
14.94 
15.50 
16.06 
16.62 
17.18 
17.74 
18.30 
18.86 
19.42 
19.98 
20.54 
21.10 
21.66 
22.22 
22.78 
23.35 
23.92 
24.49 
25.06 
25.63 
26.20 

7.70 
8.26 
8.82 
9.38 
9.94 

10.50 
11.06 
11.62 
12.18 
12.74 
13.30 
13.86 
14.42 
14.99 
15.55 
16.11 
16.67 
17.23 
17.79 
18.35 
18.91 
19.47 
20.03 
20.59 
21.15 
21.71 
22. 27 
22.83 
23.40 
23.97 
24.54 
25.11 
25.68 
26.25 

7.76 
8. 32 
8. Ea 
9.44 

10.00 
10.56 
1 1 . 1 2  
1 1 . 6 8  
12.24 
12.80 
13.36 
13.92 
14.48 
15.05 
15.61 
16.17 
16.73 
17.29 
17.85 
18.41 
18.97 
19.53 
20.09 
20.65 
21.21 
21. n 
22.33 
22.89 
23.46 
24.03 
24.60 
25.17 
25.74 
26.31 

7.  81 
8. 37 
8. 93 
9.49 

10.05 
10.61 
11.17 
11.73 
12.29 
12.85 
13.41 
13.97 
14.54 
15.10 
15.66 
16.22 
16.78 
17.34 
17.90 
18.46 
19.02 
19.58 
20.14 
20.70 
21.26 
21.82 
22.38 
22.95 
23.52 
24.09 
24.66 
25.23 
25.80 
26.37 

7.87 
8.43 
8.99 
9.55 

10.11 
10.67 
11.23 
11.79 
12.35 
12.91 
13.47 
14.03 
14.59 
15.16 
15.72 
16.28 
16.84 
17.40 
17.96 
18.52 
19.08 
19.64 
20.20 
20.76 
21.32 
21 .88  
22.44 
23.00 
23.57 
24.14 
24.71 
25.28 
25.85 
26.42 

7.93 
8.49 
9.05 
9.61 

10.17 
10.73 
11.29 
11.85 
12.41 
12.97 
13.53 
14.09 
14.65 
15.22 
15.78 
16.34 
16.90 
17.46 
18.02 
18.58 
10.14 
19. M 
20.26 
20.82 
21.38 
21.94 
22.50 
23.06 
23.63 
24.20 
24.77 
25. 34 
25.91 
26.48 

7.98 
8.54 
9. 10 
9.66 

10.22 
10.78 
1 1 . 3 4  
11.90 
12.46 
13.02 
13.58 
14.14 
14.71 
15.27 
15.83 
16.39 
16.95 
17.51 
18.07 
18.63 
19.19 
19.75 
20.31 
20.87 
21.43 
21.99 
22.55 
23.12 
23.69 
24.26 
24.83 
25.40 
25.97 
26.54 

8.04 
8.60 
9. 16 
9.72 

10.28 
10.84 
11.40 
1 1 . 9 6  
12.52 
13.08 
13.64 
14.20 
14.76 
15.33 
15.89 
16.45 
17.01 
17.57 
18.13 
18.69 
19.25 
19.81 
20.37 
20.93 
21.49 
22.05 
22.61 
23.18 
23.74 
24.32 
24.89 
25.46 
26.03 
26.60 

8.09 
8.65 
9.21 
9.77 

10.33 
10.89 
11.45 
12.01 
12.57 
13.13 
13.69 
14.25 
14.82 
15.38 
15.94 
16.50 
17.06 
17.62 
18.18 
18.74 
19.30 
19.85 
20.42 
20.98 
21.54 
22.10 
22.66 
23.23 
23.80 
24.37 
24.94 
25.51 
26.08 
26.65 

Temperature 
(‘CI 

140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
4 m  
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DIN43710-1977 Units : mV 

Temperature 
I'CI 0 1 2 3 4 5 6 1 8 9 Temperature 

I'CI 

480 

29.01 520 
28.43 510 
27.85 500 
27.28 490 
26.71 

530 29.59 
540 30. 17 
550 30.75 
560 31.33 
570 31.91 
580 32.49 
590 33.08 
600 33.67 
610 34.26 
620 34.85 
630 35.44 
640 36.04 
650 36.64 
660 37.25 
670 37.85 
680 38.47 
690 39.09 
700 39.72 
710 40.35 
720 40.98 
730 41.62 
740 42.27 
750 42.92 
760 43.57 
770 44.23 
780 44.89 
790 45.55 
800 46.22 
810 46.89 
820 47.57 

26.77 
27.34 
27.91 
28.49 
29.07 
29.65 
30.23 
30.81 
31.39 
31.97 
32.55 
33.14 
33.73 
34.32 
34.91 
35.50 
36.10 
36.70 
37.30 
37.91 
38.53 
39.15 
39.78 
40.41 
41.04 
41.69 
42.34 
42.99 
43.64 
44.30 
44.96 
45.62 
46.29 
46.96 
47.64 

26.82 
27.39 
27.97 
28.55 
29.13 
29.71 
30.29 
30.87 
31.45 
32.03 
32.61 
33.20 
33.79 
34.38 
34.97 
35.56 
36.16 
36.76 
37.36 
37.97 
38.59 
39.22 
39.85 
40.48 
41. 11 
41.75 
42.40 
43.05 
43.70 
44.36 
45.02 
45.68 
46.35 
47.03 
47.7 1 

26.88 
27.45 
28.02 
28.60 
29.18 
29.76 
30.34 
30.92 
31.50 
32.08 
32.66 
33.26 
33.85 
34.44 
35.03 
35.62 
36.22 
36.82 
37.42 
38.04 
38.66 
39.28 
39.91 
40.54 
41.17 
41.82 
42.47 
43.12 
43. n 
44.43 
45.09 
45.75 
46.42 
47.09 
47. 77 

26.94 
27.51 
28.08 
28.66 
29.24 
29.82 
30.40 
30.98 
31.56 
32.14 
32.72 
33.32 
33.91 
34.50 
35.09 
35.68 
36.28 
36.88 
37.48 
38.10 
38.72 
39.34 
39.97 
40.60 
41.23 
41.88 
42.53 
43.  18 
43.83 
44.49 
45.15 
45.82 
46.49 
47. 16 
47.84 

26.99 
27.56 
28.14 
28.72 
29.30 
29.88 
30.46 
31.04 
31.62 
32.20 
32.78 
33.38 
33.97 
34.56 
35.15 
35.74 
36.34 
36.95 
37.55 
38.16 
38.78 
39.41 
40.04 
40.67 
41.30 
41.95 
42.60 
43.25 
43.90 
44.56 
45.22 
45.89 
46.56 
47.23 
47.91 

27.05 
27.62 
28.20 
28.78 
29.36 
29.94 
30.52 
31.10 
31.68 
32.26 
32.84 
33.43 
34.02 
34.61 
35.20 
35.80 
36.40 
37.0 1 
37.61 
38.22 
38.84 
39.47 
40.10 
40.73 
41.36 
42.01 
42.66 
43.31 
43.97 
44.63 
45.29 
45.95 
46.62 
47.30 
47.98 

27.11 
27.68 
28.26 
28.84 
29.42 
30.00 
30.58 
31.16 
31.74 
32.32 
32.90 
33.49 
34.08 
34.67 
35.26 
35.86 
36.46 
37.07 
37.67 
38.28 
38.90 
39.53 
40. 16 
40.80 
41.43 
42.08 
42.73 
43.38 
44.03 
44.69 
45.35 
46.02 
46.69 
47.37 
48.05 

27.17 
27.74 
28.31 
28.89 
29.47 
30.05 
30.63 
31.21 
31.79 
32.37 
32.96 
33.55 
34.14 
34.73 
35.32 
35.92 
36.52 
37.13 
37.73 
38.35 
38.97 
39.59 
40.22 
40.86 
41.49 
42.14 
42.79 
43.44 
44.10 
44.76 
45.42 
46.09 
46.76 
47.43 
48.11 

27.22 
27.79 
28.37 
28.95 
29.53 
30.11 
30.69 
31.27 
31.85 
32.43 
33.02 
33.61 
34.20 
34.79 
35.38 
35.98 
36.58 
37.19 
37.79 
38.41 
39.03 
39.66 
40.29 
40.93 
41.56 
42.21 
42.86 
43.51 
44.16 
44.82 
45.48 
46.15 
46.82 
47.50 
48.18 

480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
71 0 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
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I TvDe Fe-CuNi I 

Temperature 
I'C) 1 2 3 4 5 6  7 0 9 

I 

830 

50.32  50.39 50.46 50.53  50.60  50.67  50.74  50.81  50.88  50.95 860 
49.63  49.70  49.77  49.84 49.91 49.98 50.04  50.11  50.18  50.25 850 
48.94  49.01  49.08  49.15  49.22  49.29  49.35  49.42  49.49  49.56 840 
48.25 48.32  48.39  48.46  48.53  48.60  48.66  48.73  48.80  48.87 

51.02  51.09 51. 16 51.23 51.30  51.37  51.44  51.51  51.58  51.65 870 
880 51.72  51.79  51.86  51.93  52.00  52.08  52.15  52.22  52.29  52.36 
890 52.43  52.50  52.57  52.64  52.71 52.79  52.86  52.93  53.00  53.07 
900 53.14 

. 

Units : mV 

Temperature 
('C) 

830 
840 
850 
860 
870 
880 
890 
900 
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I Type Cu-CuNi 1 
3.9 Standard thermoelectromotive force tables for type Cu-CuNi thermocouples 

DIN43710-1977 Units : mV 

remperature 
('C) 

-200 
-190 
-180 
-170 
-160 
-150 
-140 
-130 
-120 
-110 
-100 
- 90 
-80 
-70 
-60 
- 50 
-40 
- 30 
- 20 
-10 

-0 
0 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

0 1 2 3 4 5 6 1 a 9 

-5. m 
-5.51 -5.53 -5.55 
-5.32 -5.34 -5.36 
-5.12 -5.14 -5.16 
-4.91 -4.93 -4.95 

-4.69 -4.71 -4.73 
-4.46 -4.48 -4.51 
-4.21 -4.23 -4.26 
-3.95 -3.98 -4.00 
-3.68 -3.71 -3.73 

-3.40 -3.43 -3.46 
-3. 11 -3.14 -3.17 
-2.81 -2.84 -2.87 
-2.50 -2.53 -2.58 
-2.18 -2.21 -2.24 

-1.85 -1.88 -1.92 
-1.50 -1.53 -1.57 
-1. 14 -1. 18 -1.21 
-0 .77 -0.81 -0.84 
-0.39 -0.43 -0.47 

0.00 -0.04 -0.08 
0.00 0.04 0.08 
0.40 0.44 0.48 
0.80 0.84 0.88 
1.21 1.25 1.29 

1.63 1.67 1.71 
2.05 2.09 2. 14 
2.48 2.52 2.57 
2.91 2.95 3.00 
3.35 3.39 3.44 

3.80 3.84 3.89 
4.25 4.30 4.34 
4.71 4.76 4.80 
5. 18 5.23 5.27 
5.65 5.70 5.75 

-5.57 -5.59 
-5.38 -5.40 
-5.18 -5.20 
-4.97 -4.99 
-4.76 -4.78 
-4.53 -4.55 
-4.28 -4.31 
-4.03 -4.05 
-3.76 -3.79 

-3.48 -3. 51 
-3.20 -3.23 
-2.90 -2.93 
-2.59 -2.62 
-2.28 -2.31 

-1.95 -1.98 
-1.60 -1.64 
-1.25 -1.28 
-0.88 -0.92 
-0.50 -0.54 
-0.12 -0.16 

0. 12 0. 16 
0.52 0. 56 
0.92 0.96 
1.34 1.38 

1.76 1.80 
2. 18 2.22 
2.61 2.65 
3.04 3.09 
3.48 3: 53 

3.93 3.98 
4.39 4.43 
4.85 4.90 
5.32 5.37 
5.79 5.84 

-5.60 
-5.41 
-5.22 
-5.02 
-4.80 
-4.58 
-4.33 
-4.08 
-3.81 
- 3.54 
-3.25 
-2.96 
-2.66 
-2.34 
-2.02 
-1.67 
-1.32 
-0.95 
-0.58 
-0.19 

0.20 
0.60 
1.00 
1.42 
1.84 
2.26 
2.69 
3. 13 
3.57 
4.02 
4.48 
4.94 
5.41 
5.89 

-5.62 
-5.43 
-5.24 
-5.04 
-4.82 
-4.60 
-4.36 
-4.11 
-3.84 
-3.57 
-3.28 
-2.99 
-2.69 
-2.37 
-2.05 
-1.71 
-1.36 
-0.99 
-0.62 
-0.23 

0.24 
0.64 
1.05 
1.46 
1.88 
2.31 
2.74 
3.17 
3.62 
4.07 
4.53 
4.99 
5.46 
5.94 

-5.64 
-5.45 
-5.26 
-5.06 
-4.84 
-4.62 
-4.38 
-4.13 
-3.87 
-3.60 
-3.31 
-3.02 
-2.72 
-2.40 
-2.08 
-1.74 
-1.39 
-1.03 
-0.66 
-0.27 

0.28 
0.68 
1.09 
1.50 
1.92 
2.35 
2.78 
3.22 
3.66 
4.11 
4.57 
5.04 
5.51 
5.99 

-5.66 -5.68 
-5.47 -5.49 
-5.28 -5.30 
-5.08 -5.10 
-4.87 -4.89 
-4.64 -4.67 
-4.41 -4.43 
-4.16 -4.18 
-3.90 -3.92 
-3.62 -3.65 
-3.34 -3.37 
-3.05 -3.08 
-2.75 -2.78 
-2.44 -2.47 

-2.11 -2.15 
-1.78 -1.81 
-1.43 -1.46 
-1.07 -1.10 
-0.69 -0.73 
-0.31 -0.35 

0.32 0.36 
0.72 0.76 
1. 13 1.17 
1.55 1.59 
1.97 2.01 
2.39 2.44 
2.82 2.87 
3.26 3.31 
3.71 3.75 
4. 16 4.20 
4.62 4.66 
5.09 5.13 
5.56 5.60 
6.03 6.08 

Temperature 
('C) 

- 200 
-190 
-180 
-170 
-160 
-150 
-140 
-130 
-120 
-110 
-100 
- 90 
-80 
-70 
- 60 
- 50 
-40 
- 30 
-20 
-10 
-0 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
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1 TvPe Cu-CuNi I 
DlN43710-1977 Units : mV 

remperature 
(%I 

140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 

0 1  2  3  4 5 6 7 8  9 

6. 13 
6.62 
7.  12 
7.63 
8. 15 
8.67 
9.20 
9.74 

10.29 
10.85 
11.41 
11.98 
12.55 
13.13 
13.71 
14.30 
14.90 
15.50 
16.10 
16.70 
17.31 
17.92 
18.53 
19.14 
19.76 
20.38 
21.00 
21.62 
22.25 
22.88 
23.51 
24.15 
24.79 
25.44 
26.09 
26.75 
27.41 
28.08 
28.75 
29.43 
30.11 
30.80 
31.49 
32.19 

32.89 
33.60 
34.31 

6.  18 
6.67 
7. 17 
7.68 
8.20 
8.72 
9.25 
9.79 

10.35 
10.91 
11.47 
12.04 
12.61 
13.19 
13.77 
14.36 
14. 96 
15.56 
16.16 
16.76 
17.37 
17.98 
18.59 
19.20 
19.82 
20.44 
21.06 
21.68 
22.31 
22.94 
23.57 
24.21 
24.85 
25.50 
26.16 
26.82 
27.48 
28.15 
28.82 
29.50 
30.18 
30.87 
31.56 
32.26 
32.96 
33.67 

6.23 
6.72 
7.22 
7.73 
8.25 
8.78 
9.31 
9.85 

10.40 
10.96 
11.52 
12.09 
12.67 
13.25 
13.83 
14.42 
15.02 
15.62 
16.22 
16.82 
17.43 
18.04 
18.65 
19.26 
19.89 
20.50 
21.12 
21.75 
22.38 
23.01 
23.64 
24.28 
24.92 
25.57 
26.22 
26.88 
27.54 
28.2 1 
28.89 
29.57 

30.94 
31.63 
32.33 
33.03 
33.74 

30.25 

6.28 
6.77 
7.27 
7.79 
8.31 
8.83 
9.36 
9.90 

10.46 
11.02 
11.58 
12.15 
12.72 
13.30 
13.89 
14.48 
15.08 
15.68 
16.28 
16.88 
17.49 
18.10 
18.71 
19.33 
19.95 
20.57 
21.19 
21.81 
22.44 
23.07 
23.70 
24.34 
24.98 
25.63 
26.29 
26.95 
27.61 
28.28 
28.95 
29.63 
30.32 
31.01 
31.70 
32.40 
33.10 
33.81 

6.33 
6.82 
7.33 
7.84 
8.36 

8.88 
9.42 
9.96 

10.51 
11.07 
11.64 
12.21 
12.78 
13.36 
13.95 
14.54 
15.14 
15.74 
16.34 
16.94 
17.55 
18.16 
18.77 
19.39 
20.0 1 
20.63 
21.25 
21.87 
22.50 
23.13 
23. n 
24.41 
25.05 
25.70 
26.35 
27.01 
27.68 
28.35 
29.02 
29.70 
30.39 
31.08 
31.77 
32.47 
33.17 
33.88 

6.37 
6.87 
7.37 
7.89 
8.41 
8.93 
9.47 

10.01 
10.57 
11.13 
11  .,69 
12.26 
12.84 
13.42 
14.00 
14.60 
15.20 
15.80 
16.40 
17.00 
17.61 
18.22 
18.83 
19.45 
20.07 
20.69 
21.31 
21.93 
22.56 
23.19 
23.83 
24.47 
25. 11 
25.76 
26.42 
27.08 
27.74 
28.41 
29.09 
29.77 
30.45 
31. 14 
31.84 
32.54 
33.24 
33.95 

6.42 
6.92 
7.43 
7.94 
8.46 
8.99 
9.52 

10.07 
10.62 
11.19 
11.75 
12.32 
12.90 
13.48 
14.06 
14.66 
15.26 
15.86 
16.46 
17.07 
17.68 
18.29 
18.89 
19.51 
20.13 
20.75 
21.37 
22.00 
22.63 
23.26 
23.89 
24.53 
25.18 
25.83 
26.49 
27.15 
27.81 
28.48 
29.16 
29.84 
30.52 
31.21 
31.91 
32.61 
33.32 
34.03 

6.47 
6.97 
7.48 
7.99 
8.51 

9.04 
9.58 

10.12 
10.68 
11.24 
11.81 
12.38 
12.96 
13.54 
14.12 
14.72 
15.32 
15.92 
16.52 
17.13 
17.74 
18.35 
18.96 
19.57 
20.19 
20.81 
21.43 
22.06 
22.69 
23.32 
23.96 
24.60 
25.24 
25.89 
26.55 
27.21 
27.88 
28.55 
29.23 
29.91 
30.59 
31.28 
31.98 
32.68 
33.39 
34.10 

6.52 
7.02 
7.53 
8.05 
8.57 
9.09 
9.63 

10.18 
10.74 
11.30 
11.87 
12.44 
13.01 
13.59 
14.18 
14.78 
15.38 
15.98 
16.58 
17.19 
17.80 
18.41 
19.02 
19.64 
20.26 
20.88 
21.50 
22.12 
22.75 
23.38 
24.02 
24.66 
25.31 
25.95 
26.62 
27.28 
27.95 
28.62 
29.29 
29.97 
30.66 
31.35 
32.05 
32.75 
33.46 
34.17 

6.57 
7.07 
7.58 
8.10 
8.62 
9. 15 
9.69 

10.23 
10.79 
11.35 
11.92 
12.49 
13.07 
13.65 
14.24 
14.84 
15.44 
16.04 
16.64 
17.24 
17.86 
18.47 
19.08 
19.70 
20.32 
20.94 
21.56 
22.19 
22.82 
23.45 
24.09 
24.73 
25.37 
26.02 
26.68 
27.34 
28.0 1 
28.68 
29.36 
30.04 
30.73 
31.42 
32.12 
32.82 
33.53 
34.24 

Temperature 
(‘C) 

140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
41 0 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
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Appendix 4 A616TD Dimensions 

t 
- 

Printed circuit  board 

I 

1 

n 

6  (0.24) 
4.2  (0.17) 106 (4.17) - 4 

131 (5.16) 

M3  (0.12) X 0.5  (0.02) X 6  (0.24) 
(Terminal  screw) 

I 

I 

5 (0.98) 
I O  (0.39) 

I- t 

FG jH 3 8  

NPUT t=@ ) - + I Q V  

18 
(0.71) 
e--r 

37.5 ( 1 . 4 8 )  

I 

Unit: mm (inch) 
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Appendix 5 AGOMXT Dimensions 

4- 

Printed  circuit  board 

Y 

1 

I 

n 

4.2 (0.17)  106  (4.17) - 25  (0.98 
I 

131 (5.16) 

M3 (0.12) X 0.5 (0.02) X 6  (0.24) 
I (Terminal  screw) 

I 

!1 

10 (0.39) 

CONNECT NO 

@ 

m 

75.5  (2.97) .~ 

Unit:  mm  (inch) 

APP-34 
~ . . .  



APPENDICES 

Appendix  6 AGOMX/AWMXR Dimensions 

Printed  circuit  board 

4.2 (0.17) _I - 106 (4.17) 
1 -  

131 15.16) 

(Terminal  screw) 

25 (0.981 
~ . -  i I O  (0.39) 

CONNECT NO 

@ 
OFFSET 

@ 

. 

(0.71 

37.5  (1.48) 
I 

Unit:  mm  (inch) 
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IMPORTANT I 
The components  on  the printed circuit  boards will be  damaged by  static electricity, so 
avoid  handling  them  directly. If it is necessary to  handle them  take  the  following 
precautions. 

(1) Ground  human  body'and  work bench. 

(2) Do not  touch  the  conductive areas of the printed circuit  board  and  its  electrical  parts 
with any  non-grounded  tools etc. 

Under  no  circumstances will  Mitsubishi Electric be liable  or responsible for any  consequential  damage  that  may 
arise as a result  of  the  installation  or use of  this  equipment. 

All examples  and  diagrams  shown in  this  manual are intended  only as an aid  to  understanding  the  text,  not  to 
guarantee  operation.  Mitsubishi  Electric will accept no  responsibility  for actual use of  the  product  based  on  these 
illustrative  examples. 

Owing  to  the very  great  variety in possible  applications  of this equipment, you  must satisfy  yourself as to  its 
suitability  for  your  specific  application. 

. 
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