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Preface

Thank you very much for purchasing SMC Thermo-con.
This manual contains description for communication of this product for your full benefit from this product.

Read the operation manual carefully before use of this product, and understand the outline of the product and

safety instructions well. Instructions in the categories, “Danger”, “Warning” and “Caution”, are important for

safety and must be duly followed.

Please contact the following for any question and unclear points regarding the Thermo-con.

SMC Corporation R&D Center

Product Development Division-6

Address: 4-2-2, KINUNODAI, TSUKUBAMIRAI-CITY , IBARAKI-KEN 300-2493, JAPAN
Phone:+81-297-52-6666

Fax:+81-297-20-5007

E-mail:kaihatsu_6_g3@smcjpn.co.jp

Notice: The content of this manual can be revised without a previous notice.




CONTENTS

1 Preparation for COMMUNICALION ..........uuuiiiiii i e e e e e e e e e et e e e eeeeeannnes 1-1
2  Specifications of Communication Method .............oocuiiiiiiiiiiii e 2-1
3 Communication Format (same as current HEC SEr€S) .....coiviiiiiiiiiiiiiiiie e 3-1
3.1 Control code used for COMMUNICALION ........ccooiiieeeeee e 3-1
3.2 COMMANG COUE LISt ....eiiiiiiiiiiii i e e e e e e e e e e e e e annnees 3-1
3.3 Communication procedures and fOrMAaL ...........ccoooiiioiiiee e 3-2
3.4 Calculation Of CHECK SUM.......uiiiiiiiiiiii e e s 3-4
4 Details of COMMUNICALION FOMMAL.........ciiiiiiiiiiiiiiee i 4-1
4.1 Temperature setting (without writing FRAM) ......cooiiiiiii 4-1
4.2 Reading SettiNg tEMPEIALUIE.........uuiii i e e eei e e e e e e e e e e e e et e e e e e e e eeaateaaaeaeeaaeeennnes 4-1
4.3 Reading INTEIMAI SENSOK ... . 4-2
4.4  Reading eXtEINaAl SENSON ... ....cccuiiiiiiei i e ee et iie e e e e e e e a s e e e e e e e e ettt s e aeeaeeeesattaaaaaaeaeeeenrnes 4-3
4.5  ReaAdING AIAIMN STAIUS ... ..o 4-3
4.6 Offset setting (without Writing FRAM) .......ooouiiiiii e e e e e e eaeees 4-5
A7 REAAING Off SO ..o 4-5
4.8 Temperature setting (With Writing FRAM) ......uuiiiii e e e eaeees 4-6
4.9 Offset setting (With WItiINg FRAM) ... 4-7
4,10 Communication Format and Examples of Answers from Thermo-con.............ccccoeeeeeeiininn, 4-8
5 MODBUS communiCation fUNCLION...........uuiiiiiiieeiiiiii et e s 5-1
5.1  Precautions fOr COMMUNICATION .........uuuuutiiiiiiiiiiiieeieeieieeeeee bbb bbeebeeseeneeebeneenes 5-1
5.2 Communication SPECIfICAtION ............uuiiiiii e e 5-2
5.3 Setting @nd CRECKING ... ..uuuuuiiiiiiiiiiiiiiiiii bbb ssneesensnnnes 5-2
5.4  COMMUNICALION SEOUENCE ......ceeiiiieiiiiiie e e e ee e et ttee e e e e e e e e e ettt e e e e e e e e e e aatta e s s e eaeeeesrrtaa e eaeaaes 5-4
5.5  MESSAGE CONTIQUIALION ... ..uuuuitiiiiiiiiiiiiiiiettieiieeeebeeb e 5-5
5.6 FUNCLON COUES .....oiiiieiiiiittee ettt e e e e et e e e e e e e e e e e e e e e e e nnnnnees 5-7
G A I = { O PSP UPUPTRPPPIN 5-7
5.8 Explanation of fUNCLION COAES ........oouuuiiii e e e 5-8
I I N = To Fo Y (=T oo T O ORNS 5-12
TR IO T S =T 1S3 =7 gl 1Y/ = T o LU 5-13
5.11 Communication Format and Examples of Answers from Thermo-con.............ccccccuvvveennnns 5-16

6 TrOUDIESNOOTING ... .ttt 6-1






< SVC Preparation for Communication

=

Preparation for Communication

Make preparation for using communication facility as follows.

1)
2)

3)
4)
5)

Turn off the power switch of Thermo-con.

Connect communication cable to communication connector (RS-485 or RS-232C) of Thermo-con.

-Use twist pair shield cable as communication cable.

-Connect the host and thermo-con with the straight cable for RS-485 and the cross cable for RS-232C .

Connect shielded cable of communication cable to communication connector and drop it to
FG(flame ground).

-Connection drawing for communication is shown in the Figures 1-1 and 1-2.

-Length of communication cable for RS-485 shall be limited to around 500[m] in total, and that for
RS-232C shall be 15[m].

-If communication cable for RS-485 is longer, set the terminating resistance (120 ohm) on.

Turn on the power switch of Thermo-con.

Select communication types for all Thermo-cons. See the operation manual of the details.

That’ s all for preparation of communication. Then if a communication command from the host

computer is given, each Thermo-con will reply it.

Host Computer Thermo-con
RS-485 RS-485
Symbol Pin No Symbol

Connector

FG ™ ™ shell FG
. .

+ — — 1 +
b b
b b

. L L 9 -
b b
b b

SG — — 5 FG
Lo/ L/

Figure1l-1 Communication Connection (RS-485)

Host Computer Thermo-con
RS-232C RS-232C
Symbol Pin No Symbol

Connector

FG ™ ™ shell FG
[ [

RD — — 2 RD
B >< B

SD : | : | 3 SD
b b

SG — — 5 SG
o) )

RS

Short
CSs

Figure1l-2 Communication Connection (RS-232C)

1-1







Specifications of Communication Method %SNC

2 Specifications of Communication Method

.Standards .......................................... SEIeCt RS_485 or RS_232C

. Circuit type ......................................... Ha|f dup|ex

. Communication type ............................. AsynChronOUS

*Communication Speed «««:rrrrrrser e Changeable, 600,1200,2400,4800,9600,19200 bps
. Character COde ................................... ASC”

.Parity ............................................. SEIeCt, N_”' even number, Odd number
. Start blt ........................................... 1 blt

. Data |ength ........................................ SEIeCt 7 b|t or 8_b|t

. Stop blt ........................................... SEIeCt 1_b|t or 2 b|t

. BIOCk CheCk ....................................... Sum CheCk

Note:  Values underlined indicate default values at all reset.

It is set to these values when delivered.

Two communication protocols are available.

1) The same communication protocol as the conventional HEC Series thermo-controller
(Refer to Chapter 3 and 4)
2) Modbus communication protocol (Refer to Chapter 5)
In addition to the specification shown in 1), functions of drive mode setting (Drive ON/OFF), control
parameter setting and output ratio display are also added to the product with the Modbus
communication protocol.
HECR 2-1
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3 Communication Format (same as current HEC series)

3.1 Control code used for communication

Control code | ASCII code + "H” of ASCII code indicates hexa code.
ENQ 05H
STX 02H
ETX O3H
ACK 06H
CR ODH
SOH O01H

3.2 Command code list

Command code (COM) Contents
31H Set temperature (without writing FRAM) and read
32H Read internal sensor
33H Read external sensor
34H Read alarm status
36H Set offset (without writing FRAM) and read
37H Set temperature (with writing FRAM)
38H Set offset (with writing FRAM)

3-1
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Communication Format % SMC
3.3 Communication procedures and format

The host computer has the initiative of sequence. Sequence always starts from the host computer
and each Thermo-con replies it.

If communication data is processed normally, the Thermo-con returns specified response and if
processing communication data is failed, no response is returned.

When no response is returned to the host computer from the Thermo-con even if waiting for 3 sec.,
resend the data. The Thermo-con returns response after waiting for 50 msec.

For communication of plural number of communication data, wait until the return message is received
from the thermo-con to send the next communication data. It sometimes cannot return the messages

properly when the communication data is received successively.

Selection of Unit Specification
-There are two cases in communication format, which are specifying unit No. and not.
-When one Thermo-con is used, select “without specifying unit” and when two or more Thermo-cons
are used, select “ with specifying unit”.
-When several Thermo-con are used with without specified unit No., correct control is not realized due

to data conflict.

-In the case of use with specified unit No.,ensure to coincide communication No. and each Thermo-con
unit No.

(1) Setting Change
Host —

STX | COM Data ETX Check sum CR
101 10° 10! 102 (H) (L)

<~ Thermo-con

ACK | CR

<Specifying unit>

Host —

SOH uT STX | COM Data ETX | Check sum CR

101 10° 101 107 (H) (L)
<~ Thermo-con

ACK | UT CR

HECR 3-2
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(2) Confirming and reading

Host —

ENQ | COM Checl|<sum CR
H O

< Thermo-con

STX | COM . Daltta . ETX Checl|<sum CR
10t 10° 10! 1072 (H) (L)

Host —

ACK | CR | (Possible to omit)

<Specifying unit>

Host —

SOH | UT | ENQ | COM Checl|<sum CR
H L

< Thermo-con

SOH uT STX | COM . Dellta . ETX Checl|<sum CR
101 10° 10! 1072 H (L

Host —

ACK | CR | (Possible to omit)

-COM indicates communication command.

-UT indicates unit No. of each Thermo-con. Unit No. is the No. to identify each Thermo-cons when 2 or

more Thermo-cons are linked by communication. Set this No. within O-F. (UT is the code adding 30H

to unit No. from 30H to 3FH.)

-As for symbols at communication, minus is indicated by “-“ (2DH by ASCII code) and plus is indicated

by “0” (30H by ASCII code).

-In case of setting temperature and offset with communication, data out of set range isn’t memorised. (If

communication format is correct, ACK returns.)

-When writing in FRAM is specified, changed data is memorized in FRAM each time. FRAM is changed

only when data is changed.

3-3
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3.4 Calculation of Check Sum

Calculation range ---------------- From the second byte to ETX

when there is no ETX, add before check sum.

Calculating method--------------- Take out the lower 1 byte of the total.

eg.) Set temperature to 30 deg.C (without unit specified)
STX \31H 33H 30H 30H 30H }ETX 3FH 34H CR
Total F4H T
T

eg.) Read Thermo-con internal sensor of unit No.2
SOH 32H O05H 32H 36H39H CR
-
Total 69H T
|

Note) Check sum is not ASCII code.

Data of UT and Check Sum

Character data 0...9 A B C D E F
ASCII 30H...39H 41H | 42H | 43H | 44H | 45H | 46H
UT and check sum  [30H...39H(ditto) 3AH | 3BH | 3CH | 3DH | 3EH | 3FH

HECR
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4

Details of Communication Format

4.1 Temperature setting (without writing FRAM)

The host computer sets temperature of each Thermo-con. In this command, temperature setting data
is not written in FRAM. This data is invalidated by turning off power.

The setting range is from 10.0 to 60.0 deg.C. As 0.1 deg.C is the minimum unit, the number in the
hundredths place (10-?) should always be 0 (=30H). (When the value at every 0.01deg.C is input, it is

rounded off.)

Host —
STX | 31H Setting data ETX Check sum CR
101  10° 10! 102 (H) L)

<~ Thermo-con

ACK | CR

<Specifying unit>

Host —

SOH | UT | STX | 31H ISettinlg dataI ETX Checl|<sum CR
10t 10° 10! 1072 (H) (L)

<— Thermo-con

ACK | UT CR

4.2 Reading setting temperature
As 0.1 deg.C is the minimum unit, the number in the hundredths place (10-?) is always 0 (=30H).

Host —

ENQ | 31H Checl|<sum CR
H O

< Thermo-con

STX | 31H lSettinlg dataI ETX Checl|< sum CR
10t 10° 10t 102 (H) (L)

Host —

ACK | CR | (Possible to omit)

4-1 HECR



Details of Communication Format @SNC

<Specifying unit>

Host —

SOH | UT | ENQ | 31H Checll<sum CR
H) O

< Thermo-con

SOH uT STX | 31H ISetting dataI ETX Checll<sum CR
10t 10° 10! 10%? (H) (L)

Host —
ACK | UT CR | (Possible to omit)

4.3 Reading internal sensor

As the minimum unit is 0.01 deg.C, the value in the hundredths place can be read.

Host —

ENQ | 32H Checl|<sum CR
H O

< Thermo-con

STX | 32H Ilnternallsensqr ETX Checl|<sum CR
10t 10° 10! 1072 (H) (L)

Host —

ACK | CR | (Possible to omit)

Note) 2DH is entered in 10? digit “-“ is attached to temperature data.

<Specifying unit>
Host —
SOH | UT | ENQ | 32H | Check sum CR

H O

<— Thermo-con

SOH uT STX | 32H Internal sensor ETX Check sum CR

10t 109 101 102 (H) (L)
Host —

ACK | UT CR | (Possible to omit)

Note) 2DH is entered in 10* digit “-“ is attached to temperature data.

HECR
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4.4 Reading external sensor

As the minimum unit is 0.01 deg.C, the value in the hundredths place can be read.

Host —

ENQ | 33H Checlfsum CR
H O

< Thermo-con

STX | 33H Elxternall sensor ETX Checl|< sum CR
10t 10° 10! 1072 (H) (L)

Host —

ACK | CR | (Possible to omit)

Note) 2DH is entered in 10! digit “-“ is attached to temperature data.

<Specifying unit>

Host —

SOH | UT | ENQ | 33H Checl|<sum CR
H O

< Thermo-con

SOH | UT | STX | 33H Elxternall sensor ETX Checl|<sum CR
10t 10° 10! 1072 (H) (L)

Host —

ACK | UT CR | (Possible to omit)

Note) 2DH is entered in 10! digit “-“ is attached to temperature data.

4.5 Reading alarm status

Host —
ENQ | 34H Checl|<sum CR
H O
< Thermo-con
STX | 34H . Data . ETX Checl|< sum CR
D1 D2 D3 H L
Host —

ACK | CR | (Possible to omit)

4-3
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<Specifying unit>

Host —

SOH | UT | ENQ | 34H Checll<sum CR
H) O

< Thermo-con

SOH uT STX | 34H IDataI ETX Chec||<sum CR
DI D2 D3 (H) (L)

Host —

ACK | UT CR | (Possible to omit)

Data (D2, D2, D3) changes following bit line to ASCII code. (1 is for ON, 0 is for OFF)

DL | 22 22 2 20|
L High temp. cut off alarm ERR12
Low temp. cut off alarm ERR13
Unused
Output failure alarm ERR15
D2 | 22 2 2 20|
L Upper temperature limit alarm  WRN
Lower temperature limit alarm  WRN
Thermostat alarm ERR14
DC power supply failure alarm ERR11
D3 | 22 22 20 2 |
[

External sensor failure alarm ERR18
Internal sensor failure alarm ERR17
During Auto tuning or auto tuning warning ERR19

Flow switch alarm ERR16 or level switch alarm ERR20

When some alarms/warnings go off at the same time, D1 to D3 reaches the added value.

Ex. When the “Upper temperature limit alarm” and the “DC power voltage alarm” go off simultaneously,

D2 will be 23X1+22X0+21X0+20X1=9(=39H).

HECR
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4.6 Offset setting (without writing FRAM)

Set offset of each Thermo-con from host. In this command, offset data loses effect with turning power

to OFF because it isn’'t memorized into FRAM.

It can be set at a minimum of every 0.01 deg.C.

Host —

Symbol 10° 101 102 (H) L)

STX | 36H Offset ETX Check sum CR

<~ Thermo-con

ACK | CR

Note) As for symbols, minus is indicated by “-“(=2DH) and plus is indicated by “0”(=30H).

Host —

SOH uT STX | 36H Offset ETX | Check sum CR

Symbol 10° 101 102 (H) (L)
<— Thermo-con

ACK | UT CR

Note) As for symbols, minus is indicated by “-“(=2DH) and plus is indicated by “0”(=30H).

4.7 Reading offset

As the minimum unit is 0.01 deg.C, the value in the hundredths place can be read.

Host —
ENQ | 36H Checl|<sum CR
H O
< Thermo-con
STX | 36H . Oﬁ§et . ETX Checl|<sum CR
Symbol 10° 101 102 (H) L)
Host —

ACK | CR | (Possible to omit)

Note) As for symbols, minus is indicated by “-“(=2DH) and plus is indicated by “0”(=30H).

4-5 HECR
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<Specifying unit>

Host —
SOH | UT | ENQ | 36H Checll<sum CR
H) O
< Thermo-con
SOH | UT | STX | 36H  Offset ETX | Checksum | CR
Symbol 10° 101 102 (H) L)

Host —
ACK | UT CR | (Possible to omit)

Note) As for symbols, minus is indicated by “-“(=2DH) and plus is indicated by “0”(=30H).

4.8 Temperature setting (with writing FRAM)
The host computer sets temperature of each Thermo-con. In this command, temperature setting data
is written in FRAM.
The setting range is from 10.0 to 60.0 deg.C. As 0.1 deg.C is the minimum unit, the number in the
hundredths place (10-2) should always be 0 (=30H). (When the value at every 0.01deg.C is input, it is

rounded off.)

Host —
STX | 37H Setting data ETX Check sum CR
10t 10° 101 102 (H) (L)

<— Thermo-con

ACK | CR

<Specifying unit>
Host —
SOH | UT | STX | 37H Setting data ETX | Check sum CR

10t 10° 10! 1072 H L

<~ Thermo-con

ACK | UT CR

HECR 4-6
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4.9 Offset setting (with writing FRAM)
Set offset of each Thermo-con from host. In this command, offset data is memorized into FRAM.

It can be set at every minimum unit of +/-0.01 deg.C.

Host —

STX | 38H Offset ETX Check sum CR

Symbol 10° 101 102 (H) L)

<~ Thermo-con

ACK | CR

Note) As for symbols, minus is indicated by “-“(=2DH) and plus is indicated by “0”(=30H).

Host —

SOH uT STX | 38H Offset ETX | Check sum CR

Symbol 10° 101 102 (H) (L)
<— Thermo-con

ACK | UT CR

Note) As for symbols, minus is indicated by “-“(=2DH) and plus is indicated by “0”(=30H).

4-7
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4.10 Communication Format and Examples of Answers from

Thermo-con

Examples of commands and answers from the thermo-con (unit unspecified)

Command q ]
Unit Host requirement Answer from thermo-con
:ggﬁ ComMmETS specified (ASCII code) (ASCII code) Soal
. . Answer
31 Reading setting temperature No 053133310D 02 31 32 35 30 30 03 3F 38 OD “25.0 deg.C."
Temperature setting Set at
31 (without writing FRAM) No 02 313235303003 3F380D | 06 OD 25.0 deg.C
N Answer
32 Reading internal sensor No 0532 33320D 02 323235303203 3F3BO0OD “25.02 deg.C”
: Answer
33 Reading external sensor No 053333330D 02 33 3330 30 32 03 3F 38 0D “30.02 deg.C”
. Answer
34 Reading alarm status No 0534 3334 0D 02 34 30 38 30 03 3C 3C 0D “ERR11”
Reading offset No | 053633360D 02362D313532033F3B0D | 2150 eg.C"
36
Offset setting Set at
(without writing FRAM) No 02 36 30 313530 03 3F3C 0D | 06 0D +1.50 deg.C
Temperature setting Set at
37 (with writing FRAM) No 02 37 3235303003 3F3EOD | 06 0D 25.0 deg.C
Offset setting Set at
38 (with writing FRAM) No 02 383031353003 3F3EOD | 06 0D 11,50 deg.C
Examples of commands and answers from the thermo-con (unit specified)
Command . .
Unit Host requirement Answer from thermo-con
:Sogﬁ Gl specified (ASCII code) (ASCII code) Sela
31 Reading setting temperature 2 01 32 05 31 36 38 0D gé ?)ZD 02 31 32 35 30 30 03 32 gnssgzreg c’
Temperature setting 01 32 02 31 32 35 30 30 03 32 Set at
81 | (without writing FRAM) 2 3C 0D 06 32 OD 25.0 deg.C
32 Reading internal sensor 2 01 32 05 32 36 39 0D g|l: :o% 0232323530320332 g%sgzezeg c
33 | Reading external sensor 2 01 32 05 33 36 3A 0D 0% 3202333330303203 32| faswer e
34 | Reading alarm status 2 01 32 05 34 36 38 0D 01132023430 38 30 03 30 30 | fnewver,
Reading offset 2 | 01320536363D 0D 01 3702362D3135320332 | Anewer eq.C"
36
Offset setting 5 01320236303135300333 | j- o, Set at
(without writing FRAM) 30 0D +1.50 deg.C
Temperature setting 01 3F 02 37 323530 30 03 33 Set at
87| (with writing FRAM) F 3F 0D 06 3F 0D 25.0 deg.C
Offset setting 01 3F 02 38 30 31 35 30 03 33 Set at +1.50
38 | (with writing FRAM) F 3F 0D 06 3F 0D deg.C
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5 MODBUS communication function

MODBUS protocol is a communication protocol developed by Modicon. It is used to communicate with a PC
or PLC.
Register content is read and written by this communication protocol.
This communication has the following features.
- Control run/stop.
- Set temperature and read.
- Read the internal sensor.
- Read the external sensor.
- Read the condition of the product.
- Read the alarm generating condition of the product.

- Read and set the control parameter(PID values).

Refer to “5.10 Register Map” for the register of the product.

5.1 Precautions for communication

5.1.1 Precautions after wiring and before communication

1) Check or set the each communication setting by the operation display panel.

- The communication specification shall be the customer’s communication standard
(RS-485 or RS-232C).

- The serial protocol shall be the MODBUS.
- The communication mode shall be the SeriRem (Serial remote mode).
Other modes can perform reading, but only SERIAL mode can perform writing.

2) Check or set the communication parameters using the operation display panel.
Check or set the communication speed so that the product synchronizes with the host
computer (master) prepared by the customer.

3) Check the slave address (unit number) by the operation display panel.
No response is returned when a request message is sent from a slave address other

than those set in the product.

5.1.2 Precautions for communicating
1) Allow a suitable interval between requests.

To send request messages in series, wait for 50 msec. or longer after receiving a
response message from the product before sending the next message.

2) Retry (resend request message).
The response may not be returned due to noise. If no message is returned 3sec. after

sending a request message, resend the request message.

5-1 HECR
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3) If necessary send a read request message to check if it was written correctly.
Message to notify the completion of the process is returned when the action for the
written request message is completed.
Send a read request message to confirm if the setting was written as requested.

4) Setting limit of circulating fluid temperature
When the circulating fluid set temperature is written by communication, the data is stored
in FRAM. When the product restarts, it restarts with the value which was set before the
restart. The number of times it is possible to overwrite FRAM is limited. Data is only
stored in FRAM when it receives a circulating fluid set temperature which is different from
the previous temperatures. Please check how many times it is possible to overwrite
FRAM, and avoid unnecessary changes of the circulating fluid set temperature during

communication

5.2 Communication specification

Refer to chapter 2 in regard to communication protocol.

o ProtoCol ~ rrerrerereereeeeaaeaeaeaaaaas Modbus
e Master/ Slave  rrsrrerrarri i Slave

o Letter code W @ rrrrrereeraisiiriiiiii i ASCII

+ Slave address (Unit number) --«exeerrreeeeeee. Select from 01H to OFH
e Function code  rrsrrerrerrrrr i 03H7 06H1 lOH, 17H

o Error Check ~  rrerrrrermerneatr i, LRC method

o Data transfer direction = +-rrerrrrerarraraeiaaaens LSB

5.3 Setting and checking
5.3.1 List of Items to be Set and Checked

The table below explains the setting options of the MODBUS communication function.

ltem Explanation
Interface Select RS-485 or RS-232C
RS-485 terminal unit Set the terminal unit for RS-485
Communication protocol Set the serial communication protocol

Set the control mode of the product. Serial remote mode (SeriRem)

Control mode can be selected by setting the communication protocol to Modbus.

Slave address (Unit No.) Set the slave address (Unit No.) of the unit

Communication speed Set the communication speed of the Modbus protocol

HECR 5-2
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B Product set up procedure

The communication protocol is a command based protocol using the Modbus protocol. The communication

will be available for sending the communication commands after setting up the product.

Select communication protocol

-Select Set Mode Level 3 by pressing the "SEL" and "A" buttons, then select RS-485 or
RS-232C.

-If RS-485 is selected, set resistance of the terminating resistor.

-Press the "SEL" button once to display "Unit number", and select slave address (1H to
OFH) by pressing the "A" button (Unit 0 cannot be used).

-Press the "SEL" button and set the baud rate, parity, data length and stop bit with the
“A” or“V” button.

-Press the "SEL" button twice to display "Communication Protocol", and select "Modbus"
by pressing the "A" button.

Setting of the control mode

-Select Set Mode Level 1, and press the "SEL" button twice to display "Control
Operation”. Then, select "5. SeriRem" (Serial remote mode).

When this mode is selected, the thermo-con stops the operation at once. Also, the set
value is not able to be changed with the control panel when this mode is selected.

Send command
In the serial remote mode, the control operation, etc of the thermo-con can be set by

sending the communication commands.

5-3
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Customer's system

5.4 Communication sequence
Starts with a request message from the customer’s system (host), and finishes with a response

message from the product (slave). This product operates as a slave. It does not send any requests.

(host)

R

——estmessage

R

No response

This product
(slave)

1

10~200ms

@ Positive response
Based on the request message, reads register/writes register

and returns a positive response.

@®Negative response
Returns a negative message when the received request

message is not normal. Refer to “5.9 Negative response”.

@®No response
No response is returned when there is an error in “slave

address specification” or "LRC”.

HECR
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5.5 Message configuration

5.5.1 Message format
The message configuration is shown below. This product communicates in ASCII mode. ASCII

mode is used from Start to End.

1) 2) 3) 4) 5) 6)

Start | Slave Address Function Data LRC End

[] XX | XX XX | XX XX | ~ 1 XX XX | XX | [CR] | [LF]

1) Start
The start of the message. [:] (3AH)
2) Slave Address (=Unit number) (01H to OFH 3031 to 3046)
This is a number to identify this product. “1" is the default setting. This can be changed by
the operation display panel.
3) Function (Refer to 5.6 Function codes”.)
Command is assigned.
4) Data
Depending on the function, the address and the number of the register, the value of
reading/writing are assigned.
5) LRC
LRC method
Refer to “5.7 LRC”.
6) END
The end of the message. [CR] (ODH) + [LF] (OAH)

A response message will not be returned unless the request includes [:] and [CR] [LF].

This product clears all previously received code when [:] is received.

5-5 HECR
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5.5.2 Message example

The example shows communication with the conditions below.

1)
2)

Slave Address (=Unit number):No.1
Read a data from register 0040H.

(Read Internal sensor temperature.)

B Communication example

CAUTION

The communication example is expressed in hexadecimal value with
[ ]. The actual communication is performed in ASCII code. Refer to the

request / response message in this section.

Your system |

(Request): 010300400001BB [CR][LF]

This product

(Response): 010302094DA4 [CR][LF]

A

Data is sent and
received in ASCII
code.

Request message Response message
Code Contents Code Contents
01 Slave Address 01 Slave Address
03 Function 03 Function
0040 Head address of specified register | 02 Quantity of bytes to read
. . Information of 0040H
8001 Quantity of register to read O (circulating fluid discharge temperature: 23.81°C)
BB LRC A4 LRC
B Request message (Master to Slave)
Start | Slave Address Function Data LRC End
3A 30 @ 31 30 33 42 42 oD | O0A
Read Address Quantity to Read
Hi Lo Hi Lo
30 @ 30 34 | 30 30 @ 30 30 | 31
B Response message (Slave to Master)
Start | Slave Address Function Data LRC End
3A 30 @ 31 30 33 41 = 34 oD | OA
Read Datal
Byte Count T o
30 | 32 30 | 39 34 | 4D
HECR 5-6
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5.6 Function codes

The table berow function codes to read or write register.

NO Code Name Function
1 03(03H) Read holding registers Reading multiple registers
2 06(06H) Preset single register Writing registers™
3 16(10H) Preset multiple registers Writing multiple registers
4 23(17H) Read/write 4x registers Reading/writing multiple registers

*1:Broadcast is not supported.

5.7 LRC

LRC checks the content of the message other than [:] of START and [CR][LF] of END. The sending

side calculates and sets. The receiving side calculates based on the received message, and

compares the calculation result with the received LRC. The received message is deleted if the

calculation result and received LRC do not match.

Add up the byte number of the message consisting of 8 consecutive bits. The result except the carry

(overflow) is converted to 2’s complement.

B Calculation example

LRC message for calculation

0106000BOOFE

Calculation

1) Addition
01H+06H+00H+0BH+00H+FEH=110H
2) Object
110H—10H
3) complement of 2
10H—EFH—FOH
LRC is FOH

Sending message

[:J0106000BOOFEFO[CRI][LF]

S5-7
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5.8 Explanation of function codes

5.8.1 Function code : 03H Reading multiple registers

Register data of assigned points from assigned address is read.

B Request message <Normal> (Master to Slave)

Start | Slave Address Function Data LRC End
[:] XX XX 0 | 3 XX | XX [CR] [LF]
Read Address Quantity to Read
Hi Lo Hi Lo
XX 1 XX XX 1 XX XX 1 XX XX XX
B Response message<Normal> (Slave to Master)
Start | Slave Address Function Data LRC End
[] XX XX [0 | [3 XX | XX [CR] | [LF]
Read Datal - Read Data n
Byte Count i o ; 0 S
XX XX XX 1 XX XX 1 XX XX 1 XX XX 1 XX

® Communication example
1) Slave Address (=Unit number): No.1

2) Read three consecutive data from register 0040H.

(Read internal sensor temperature, external sensor temperature, average temperature.)

| Your system |

(Request):010300400003B9 [CR][LF]

This product

> Data is sent and

A

(Response):01030609E1FC22FC22D0 [CR][LF]

received in ASCII
code.

Request message

Response message

Code Contents Code Contents
01 Slave Address 01 Slave Address
03 Function 03 Function
0040 Head address of specified register | 06 Quantity of bytes to read
0003 Quantity of register to read 09E1 Ipformaﬂon of 0040H
(internal sensor temperature)
B9 LRC EC22 Information of 0041H
(external sensor temperature)
Information of 0042H
FC22
(average temperature=external temperature)
DO LRC
HECR 5-8
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5.8.2 Function code : 06H Writing registers

Write data to assigned address.

B Request message <Normal> (Master to Slave)

Start | Slave Address Function Data LRC End
[] XX XX 0 @ [8] XX | XX [CR] [LF]
Write Address Write Data
Hi Lo Hi Lo
XX 1 XX XX 1 XX XX 1 XX XX 1 XX
B Response message <Normal> (Slave to Master)
Start | Slave Address Function Data LRC End
[] XX 1 XX 0 @ [6] XX | XX [CR] = [LF]
Write Address Write Data
Hi Lo Hi Lo
XX 1 XX XX XX XX 1 XX XX 1 XX
B Communication example
1) Slave Address (=Unit number): No 1
2) Write data to register 0050H
(Commands to run)
| Your system | This product
(Request):010600500001A8 [CR][LF]
> Data is sent and
_ (Response):010600500002A8 [CR][LF] L‘i‘(’j‘i“’ed in ASCII
Request message Response message
Code Contents Code Contents
01 Slave Address 01 Slave Address
06 Function 06 Function
0050 Address of specified register 0050 Address of register to write
0001 Information written to 0050H (Stop flag) 0001 Information of register to write
A8 LRC A8 LRC
5-9 HECR
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5.8.3 Function code : 10H Writing multiple registers

B Request message <Normal> (Master to Slave)

Register content of assigned points of assigned address is written.

Start Slave Address Function Data LRC End
[] XX XX [ | [0 XX | XX [CR] [LF]
Write Address Quantity to Write N
Hi Lo Hi Lo ‘
XX XX XX i XX XX i XX XX i XX
Write Datal Write Data n
Byte Count i s s i o
XX XX XX XX XX 1 XX 7 XX XX XX 1 XX
B Response message <Normal> (Slave to Master)
Start | Slave Address Function Data LRC End
[] XX 1 XX [ | [0 XX 1 XX [CR] [LF]
Write Address Quantity to Write
Hi Lo Hi Lo
XX XX XX XX XX XX XX XX

® Communication example
1) Slave Address (=Unit number): No 1

2) Write two consecutive data from register 0051H.

(Commands to change of target temperature (=30.0°C) and offset temperature (=0.50°C)

| Your system |

This product

(Request):011000510002040BB80032A3 [CR][LF]

(Response):0110005100029C [CR][LF]

> Data is sent and

received in ASCII

code.

Request message Response message

Code Contents Code Contents
01 Slave Address 01 Slave Address

10 Function 10 Function
0051 Head address of specified register 0051 Head address of register to write
0002 Quantity of register to write 0002 Quantity of register to write
04 Quantity of byte to read 9C LRC
e T
0032 Information written to 0052H

(Offset temperature)

A3 LRC

HECR
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5.8.4 Function code : 17H Reading/writing multiple registers

Register content of assigned points of assigned address is read. Write the register data from the

specified address with specified points simultaneously.

B Request message <Normal> (Master to Slave)

Start | Slave Address Function Data LRC End
[] XX 1 XX 1 M XX | XX [CR]  [LF]
Read Address Quantity to Read Write Address Quantity to Write B
Hi Lo Hi Lo Hi Lo Hi Lo
XX 0 XX 0 XX XX | XX XX 0 XX XX | XX XX XX XX | XX XX XX XX
- Write Datal Write Data n
Byte Count i o 0 o

N

XX | XX

XX XX XX

~
XX

XX ] XX | XX [ XX

B Response message <Normal> (Slave to Master)

Start | Slave Address Function Data LRC End
[] XX 1 XX 1 M XX 1 XX [CR] [LF]
Read Datal NN Read Data n
Byte Count 0 Lo o Hi Lo
XX XX XX i XX XX XX . XX XX XX i XX

B Communication example
1) Slave Address (=Unit number): No 1

2) Read three consecutive data from register 0040H, and write two consecutive data from register 0051h.

(Command to read the internal sensor temperature, external sensor temperature and average temperature

and change the target temperature to <30.0°C>, offset temperature to <0.50°C >)

| Your system |

(Request): 01170040000300510002040BB8003259 [CR][LF]

This product

(Response): 01170609E1FC22FC22BE [CR][LF]

»

A

Data is sent

and

received in ASCII

code.

Request message

Response message

Code Contents Code Contents

01 Slave Address 01 Slave Address

17 Function 17 Function

0040 | Head address of specified register | 06 Quantity of byte to read

0003 | Quantity of register to read 09E1 | Information of 0040H (Internal sensor temperature)

0051 | Head address of specified register | FC22

Information of 0041H

(External sensor temperature)

(Target temperature)
Information written to 0052H
(Offset temperature)

59 LRC

0032

0002 | Quantity of register to write FC22 | Information of 0042H (Average temperature)
04 Quantity of byte to read BE LRC
0BBS Information written to 0051H

5-11
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5.9

Negative response

A negative response is returned when the following request message is received.

1) When unspecified function code is used.
2) An address out of range is specified.
3) The data field is not normal.

B Negative response message (Slave to Master)

1) 2)

Start Slave Address Function Error cODE LRC End

[:] XX 1 XX [0] [3] XX 1 XX XX 1 XX [CR] [LF]
1) Function

Assign the value consisting of the request function code (hexadecimal value) plus 80H in ASCII code.

2) Error Code

Assign error code below.

01:Function code of a command is outside the standard

02:The specified address of register is outside the range.

03:Data field of a command is not normal.

B Communication example
1) Slave Address (=Unit number): No 1

2) Read seven consecutive data from register 0100H which is out of range.

| Your system |

This product

(Request): 010301000007F4 [CRI[LF]

> Data is sent and

P (Response): 0183027A [CR][LF] (r:i(;eeived in ASCII

Request message Response message

Code Contents Code Contents

01 Slave Address 01 Slave Address

03 Function 83 Function (03H+80H)
0100 Head address of register out of range 02 E rror Code (Specified register address

is out of range.)
0007 Quantity of register to read 7A LRC
F4 LRC
HECR 5-12
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5.10 Register Map

Bit Format
Address R/W
15,14 /13 :12 11 10 9 8 7 6 5 4 3 2 1 0
0040h Internal sensor temperature  -9.90 to 80.00°C = FC22H to 1F40H
0041h External sensor temperature  -9.90 to 80.00°C = FC22H to 1F40H
0042h Average temperature -9.90 to 80.00°C = FC22H to 1F40H
0043h Status flag See chapter 5.10.1 R
0044h Alarm flag 1 See chapter 5.10.2
0045h Alarm flag 2 See chapter 5.10.2
0046h Output ratio -100% to 100% = FF9CH to 0064H
0050h Control operation See chapter 5.10.3
0051h Target temperature 10 to 60.0°C =03E8H to 1770H *1)
0052h Offset value -9.9910 9.99°C =FC19H to 03E7H
0053h PB range 0.30t0 9.90°C = 001EH to O3DEH *1)
0054h Reserved R/W
0055h | constant 11to 999 sec = 0001H to O3E7H
0056h D constant 0.00 t0 99.90 sec = 0000H to 2706H *1)
0057h Heat output limit 0 to 100% = 0000H to 0064H
0058h Cool output limit -100 to 0% = FF9CH to 0000H
*1: Rounded off to the second decimal place.
5.10.1 Status flag
The status of the product is read by the following assignment.

Name Status flag
Bit 15 14 13 12 11 |10 9 8 7 6 5 4 3 2 1 0

Bit Name Explanation

0 |Runfiag "0 Stop. 1Run

1 Alarm flag Al(?zmlllg':&:;{gsurred 1=Occurred

2 Warning flag V\()a:rn'ilr;gi zggrsred 1=Occurred

3-15 Unused
5-13 HECR



MODBUS communication function @SNC

5.10.2 Alarm flag

Each type of alarm which occurs in the product is read with the following assignment.

Name Alarm flag 1,2
Bit 15 14 13 12 1110 9 8 7 6 5|4 3 2 1 0
Bit Name Explanation
0 Unused
1 ERRO1 System error 1
2 ERRO2 System error 2
o 3 ERRO3 Back-up data error
3| 4-10 | Unused
% 11 ERR11 DC power supply failure
< 12 ERR12 Internal temperature sensor High temperature failure
13 ERR13 Internal temperature sensor Low temperature failure
14 ERR14 Thermostat alarm
15 ERR15 Abnormal output alarm Alarm given off status
0 ERR16 Low circulating flow rate alarm (option) 0= Not occurred
1= Occurred
1 ERR17 Internal temperature sensor disconnection alarm
2 ERR18 External temperature sensor disconnection alarm
o 3 ERR19 Abnormal auto tuning alarm
§ 4 ERR20 Low fluid level alarm
% 5-11 Unused
< 12 WRN Temperature upper limit
13 WRN Temperature lower limit
14 Unused
15 Unused
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5.10.3 Control operation mode
The control operation mode is assigned as follows.

Name Alarm flag 1

Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Bit Name Explanation

000=Pump stop
001=Normal operation (Run)
0-2 Operation mode 010=Auto tuning start
0ll=Learning control
100=External tune control

3-15 Unused -

The operation mode with Modbus communication is displayed

as the figure on the right (Mode O = Operation stopped).
PV < 23.0 °C #1

SV 30.0 °C
MODE Rem: 0

5.10.4 Circulating fluid set temperature
The circulating fluid set temperature can be set by specifying the circulating fluid target

temperature during Serial Remote mode.
If the temperature exceeds the upper limit of the circulating fluid set temperature range, the
circulating fluid target temperature is changed to the upper limit value. If it is lower than the lower

limit, the circulating fluid set temperature is changed to the lower limit value.

5.10.5 Setting of control mode

The operation can be controlled by sending the operation start command during Serial Remote
mode.

0=Stop 1=Start

5.10.6 Setting of the Upper Limit of the Output

The upper limit of the output can be set to restrict the power consumption. The power consumption

is reduced by 50% by setting the upper limit of heating to 50%.
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5.11 Communication Format and Examples of Answers from

Thermo-con

Examples of commands and answers from the thermo-con

Address Command a‘g’:ja:\égs Ho?é;;c:gi:rte;rgent Answe(r(f:rﬁgatci}zlyo-con Content
0040 Sjrf‘sdg’r‘?;?qtgg;:t'ure 1 :01 03 0040 0001 BB [CR][LF] | :01 03 02 09E1 10 [CR][LF] Azrés‘ggerd 6g.C."
0041 ggﬁg(i)”ﬂeerf;;‘;hre 1 :01 03 0041 0001 BA [CR][LF] | :01 03 02 09E1 10 [CRI[LF] Az’gs‘ggerd 6g.C."
0043 | Reading status 1 :01 03 0043 0001 B8 [CR][LF] | :01 03 02 0005 F5 [CR][LF] mﬂ alarm
0044 | Alarm flag 1 1 :01 03 0044 0001 B7 [CR][LF] | :01 03 02 8000 7A [CR][LF] | ERR15

:01 06 0050 0000 A9 [CRI[LF] | :01 06 0050 0000 A9 [CR][LF] | Stop
0050 Control operation mode 1
:01 06 0050 0001 A8 [CRI[LF] | :01 06 0050 0001 A8 [CR][LF] | Start
0051 | Temperature setting 1 :01 06 0051 OBB8 E5 [CR][LF] | :01 06 0051 OBBS E5 [CR][LF] gg_toaé eq.C.
0052 | Offset setting 1 :01 06 0052 0032 75 [CR][LF] | :01 06 0052 0032 75 [CRI[LF] g.estoactjeg.c.
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6

Troubleshooting

The table below shows the solutions for the problems.

Problem Cause

Solution

A wrong connecting cable is used.

Connect the host and the thermo-con
with the following cables:

A straight cable for RS-485

A cross cable for RS-232C

The settings of the host and
thermo-con are not consistent with
each others.

Make the following settings of the host
and the thermo-con consistent:

Unit Number, Baud Rate, Parity Bit,
Data Length, Stop Bit

Communication cannot be

made. The program is incorrect.

Ensure that the program is made
properly according to this operation
manual. (Control code, command
code, checksum, etc.)

The communication method is
incorrect.

Use the communication method
suitable for the specification of the
thermo-con (RS-485, RS-232C).

It is influenced by the noise from
outside.

Use a shield wire for the cable, and
ground the shield to the field ground.

Itis influenced by the reflected
wave.

Set a terminating resistance.

Four digits are not input for the
setting temperature.

Temperature cannot be set.

Input four digits for the setting

temperature. As 0.1 deg.C is the
minimum indication unit, input O
(=30H) in the hundredths place.

Value out of the setting range is

Set it within the temperature setting

input. range (between 10.0 and 60.0 deg.C).
Communication cannot be The connecting cable comes off or .
continued. broken. Check the connecting cable.

The thermo-con does not give | The host sends more than one
a correct answer. communication data successively.

When sending communication data,
wait until an answer from the
thermo-con is received to send the
next data.

6-1
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