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Notice:

OMRON products are manufactured for use according to proper procedures by a qualified operator
and only for the purposes described in this manual.

The following conventions are used to indicate and classify warnings in this manual. Always heed the
information provided with them.

DANGER! Indicates information that, if not heeded, could result in loss of life or serious
injury.

Caution Indicates information that, if not heeded, could result in minor injury or dam-
age to the product.

OMRON Product References

All OMRON products are capitalized in this manual. The word “Unit” is also capitalized when it refers
to an OMRON product, regardless of whether or not it appears in the proper name of the product.

The abbreviation “PC” means Programmable Controller and is not used as an abbreviation for any-
thing else.

Visual Aids

The following headings appear in the left column of the manual to help you locate different types of
information.

Note Indicates information of particular interest for efficient and convenient opera-
tion of the product.

1, 2, 3... Indicates lists of one sort or another, such as procedures, precautions, etc.

J OMRON, 1992

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior written permis-
sion of OMRON.

No patent liability is assumed with respect to the use of the information contained herein. Moreover, because OMRON is
constantly striving to improve its high-quality products, the information contained in this manual is subject to change
without notice. Every precaution has been taken in the preparation of this manual. Nevertheless, OMRON assumes no
responsibility for errors or omissions. Neither is any liability assumed for damages resulting from the use of the informa-
tion contained in this publication.
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About this Manual:

The manual describes the operation of the ESAF/ESEF Fuzzy Temperature Controller and includes
the sections described below.

Please read this manual completely and be sure you understand the information provided before at-
tempting to operate the Fuzzy Temperature Controller.

Section 1 introduces the basic features of the ESAF/E5EF Fuzzy Temperature Controller’s front pan-
el and a brief description of its remote mode and local mode.

Section 2 gives a general description of the ESAF/E5EF Fuzzy Temperature Controller’s rear panel
communications connector/terminals.

Section 3 provides the interface specifications and basic operational elements required in order to
use the RS-232C/RS-422/RS-485 Controllers and also provides the header codes.

Section 4 provides the basic operational elements required in order to use the BCD Output Models
and also gives two examples of its use.

Section 5 describes the connections and settings of the Transmission Output Models.
Appendix A provides an ASCII list.

Appendix B provides a list of optional accessories.

ix



SECTION 1
Front Panel: Nomenclature and Functions

This section gives a brief and general description of the ESAF/ESEF Fuzzy Temperature Controller’s front panel.

1-1 Front Panel . ... i i e e e e e e 2
1-2 Remote Mode and Local MOde .. .o vvi i iii ittt e et ee e et e e 2



Remote Mode and Local Mode

Section 1-2

1-1  Front Panel

ESAF-A

Auto-tuning (AT) indicator
Flashes during auto-tuning

Shift indicator
Lights when input
shift function is used.

Remote indicator

Lights when in remote
mode; OFF when in local
mode.

Output (OUT) indicator
Lights when control output is
ON; OFF with current output.

Level Key
Press this key for at least 2 s to
change display levels.

Remote Key

Press this key for at least 1 s to
enable remote operation. Press
again to enable local operation
and setting via key operation.
This key cannot be used on the
Transmission Output Model.

1-2

Remote mode

Local mode

The following diagram identifies the major features found on the Fuzzy Tem-
perature Controller front panel and gives a brief description of the function of
each front panel feature.

Display Key

Press this key to shift the
display to the next
parameter.

||
AT ALM1 _ALM2

Down Key

Process Value (PV) display
Displays process value, characters identifying
the parameter being set, and error messages.

Alarm Output 1 (ALM1) indicator
Lights when Alarm Output 1 is ON.

Set Value (SV) display
Displays main settng and other
values.

Alarm Output 2 (ALM2) indicator
Lights when Alarm Output 2 is ON.

Auto-tuning (AT) Key

Press for at least 1 s to begin auto-
tuning. Press again for at least 1 s to
stop auto-tuning.

Up Key

Press this key to increase
the value on the display.
Hold down the key to
successively decrease the
value on the display.

Press this key to decrease the value on the
display. Hold down the key to successively
decrease the value on the display.

Front Cover

Remote Mode and Local Mode

Pressing the Remote Key puts the ESAF/E5EF in remote mode. In remote
mode, the keys on the front panel of the ESAF/E5EF cannot be used, except
for monitoring the set value with the Display Key, Level Key, and Remote

Key.

Pressing the Remote Key again puts the ESAF/E5EF in local mode and en-
ables settings via keys on the front panel. In the local mode, the ESAF/ESEF
cannot be remotely controlled, except for reading of the process temperature.

The changing from one mode to the other cannot be remotely controlled.



Remote Mode and Local Mode Section 1-2

The Heater Burnout Detection Models are shown below.

ESAF-AH E5SEF-AH




SECTION 2
Rear Terminals

This section gives a general description of the ESAF/ESEF rear panel communications connector/terminals. Depending
upon the requirements, one of several connector/terminal types can be selected for use with the ESAF/ESEF Fuzzy Tem-
perature Controller.

2-1 Connector/Terminal .. ... .. ... oot e e 6
2-2  Connecting Communications CONNECIOrS .. .......vur ittt eneneenneneennn. 9



Connector/Terminal Section 2-1

2-1 Connector/Terminals

Depending upon the requirements, one of several connector/terminals can
be used.

Communications connector

A 9-pin D-sub Connector for connecting to the host
computer when communications are executed using
RS422, RS485 or transmission output.

Communications connector

A 25-pin D-sub Connector for connecting to
the host computer when communications
are executed using RS-232C or BCD.

E5AF- 02 (RS-422)
E5AF-_03 (RS-485)

E5AF-_01 (RS-232C)
E5AF-_F (transmission output)

E5AF-_20 (BCD)

E5AF-_F-X

E5AF-_02-X (RS-422)
(transmission output)

E5AF-_03-X (RS-485)

Terminal Connections

ESEF-A

For current  For voltage For relay or
output output SSR output

O O ®
Q Control[ FG
4t020 mA L 12 VDC 40 mA D —
e e e Q' output @ = Ground FG terminal 17 to avoid noise interference.

100 to 240 VAC
oupal _©
Alarm output lL 0 50/60 Hz

Alarm output 2

B

12
@5 @
S
t t

Note: Do not connect unused terminals. Use these terminals  Use these terminals when
when connecting a connecting a platinum re-
thermocouple. sistance thermometer.



Connector/Terminal Section 2-1

E5SEF-AH (with Heater Burnout Alarm)

For voltage For relay or
output SSR output

.
, 12 VDC 40 mA S&T)tl:?[

Alarm output
| ®

Heater burnout alarm output**

FG

= Ground FG terminal 17 to avoid noise interference.

100 to 240 VAC
50/60 Hz

)

B
@ @
by ¢

Note: *The Current Transformer must be the E54-CT1 or T T
E54-CT3. Other Current Transformer cannot be con-
nected. Use these terminals Use these terminals when
**The heater burnout alarm goes ON when the ESEF when connecting a connecting a platinum resis-
detects a sensor failure or heater burnout. thermocouple. tance thermometer.

E5SEF-BA (with 8 Memory Banks)

For current  For voltage For relay or
output output SSR output

O © ®

Q Conlrol[ FG
41020 mA | 12 VDC 40 mA
e e e Q' output = Ground FG terminal 17 to avoid noise interference.
@ 100 to 240 VAC
50/60 Hz

Alarm output 1
L

Alarm output 2

B
- he
b3 bE

f f

Note: Do not connect unused terminals. Use these terminals  Use these terminals when
when connecting a connecting a platinum re-
thermocouple. sistance thermometer.

E5EF-BAH (with 8 Memory Banks and Heater Burnout Alarm)

For voltage For relay or
output SSR output

+
® ® FG
Q  Control
VDC 40 mA output [ m L Ground FG terminal 17 to avoid noise interference.
:E) 100 to 240 VAC
Alarm o‘utput 50/60 Hz

Heater burnout alarm output**

B

@2
D @G
i

Note: *The Current Transformer must be the E54-CT1 or T T
E54-CT3. Other Current Transformer cannot be con-
nected. Use these terminals Use these terminals when
**The heater burnout alarm goes ON when the ESEF when connecting a connecting a platinum resis-
detects a sensor failure or heater burnout. thermocouple. tance thermometer.



Connector/Terminal

Section 2-1

E5EF-A02 (with RS-422 Communications)

For relay or
SSR output

For voltage
output

For current

output

l | |
4to+20 mA12 ;DC40 mA A
& & &

Alarm output 1

Alarm output 2

Control FG

output

50/60 Hz

Note: Do not connect unused terminals. .
Use these terminals

when connecting a
thermocouple.

E5EF-AH02 (with RS-422 Communications and Heater Burnout Alarm)

For relay or
SSR output

For voltage
output unit

| |
o mA\ i

j 0,

Alarm output

| ®
®

Control
output

50/60 Hz

Heater burnout alarm output**

SDA
RDB
RDA Q‘
Note: *The Current Transformer must be the E54-CT1 or SG @ +
E54-CT3. Other Current Transformer cannot be con-
nected.
**The heater burnout alarm goes ON when the E5EF Use these terminals
detects a sensor failure or heater burnout. when connecting a
thermocouple.
E5EF-A03 (with RS-485 Communications)
For current For voltage For relay or
output output SSR output
OO ®
FG
Q  Control
4 0 20 MA 12 VDC 40 mA (-0 output [ €y 1

I
Alarm output 1

Alarm output 2

Note: Do not connect unused terminals.
Use these terminals
when connecting a
thermocouple.

= Ground FG terminal 17 to avoid noise interference.

100 to 240 VAC

B

®

€D

4
t

Use these terminals when
connecting a platinum re-
sistance thermometer.

Ground FG terminal 17 to avoid noise interference.

100 to 240 VAC

B
o
b

Use these terminals when
connecting a platinum resis-
tance thermometer.

Ground FG terminal 17 to avoid noise interference.

100 to 240 VAC
50/60 Hz

@ B
o
b

!

Use these terminals when
connecting a platinum resis-
tance thermometer.



Connecting Communications Connectors/Terminals Section 2-2

E5EF-AHO03 (with RS-485 and Heater Burnout Alarm)

Note:

2-2

For voltage For relay or
output SSR output

.
12 VDC 40 mA Q  Control [ ®
e e O output e

e | @
Alarm output
| ®

Heater burnout alarm output**

FG
@ j; Ground FG terminal 17 to avoid noise interference.

100 to 240 VAC
50/60 Hz

B

. @
" @00, @95,
*The Current Transformer must be the E54-CT1 or
E54-CT3. Other Current Transformer cannot be con- T T
*The heater burnout alarm goes ON when the ESEF Use these terminals ~ Use these terminals when
detects a sensor failure or heater burnout. when connectinga  connecting a platinum resis-
thermocouple. tance thermometer.

Connecting Communications Connectors/Terminals

Connect a host system or peripheral device to the appropriate communica-
tions connector; confirm that the system or device conforms to that connec-
tor's communications specifications. Before mounting the Fuzzy Temperature
Controller, be sure to consider the added depth required by connected
cables.

Panel

AN

*1

*2

Depth of the main body from panel when mounted

*1: Without OMRON XM4 *2: With OMRON XM4 D-sub Connector
D-sub Connector

100 mm No less than 170 mm (25-pin connector)
No less than 160 mm (9-pin connector)

The following OMRON D-sub Connectors are recommended:

25 pin: XM4A-2521 (plug) + XM2S-2511 (hood)
9 pin:  XM4A-0921 (plug) + XM2S-0911 (hood)

If using an equivalent connector, make sure that the connector screws are
the following metric size: M2.6 x 0.45 mm.




Connecting Communications Connectors/Terminals Section 2-2

Securely insert the communications connector from the external system into
the communications connector on the Temperature Controller. After connec-
tion, tighten the screws on either side of the communications connector with
a screwdriver.

When connecting communications via terminal blocks, use crimp-style termi-
nals of the appropriate size for use with M3 x 8 mm connector screws.

—
Q|

For the appropriate cable length, refer to the respective communications
specifications.

10



SECTION 3
Using the RS-232C/RS-422/RS-485 Controllers

This section provides the interface specifications and basic elements required in order to use the RS-232C/
RS-422/RS-485 Controllers. The header codes are also provided in this section in addition to both a communications
program and operation example.

3-1 Interface Specifications .. ........ ... ittt i 12
e e N 5 30 12
302 RS2 L e e e e e e 13
303 RS-A8S o e 16

3-2 Before Applying POWer .. ... e 18

3-3 Key Operation . ... .....ouiun ittt ittt it 20

3-4  General RS-232C/RS-422/RS-485 Specifications . .. ....oovvi ittt .. 21

3-5 Communications and Error Control . .. ....... .. ittt it ii e 21
3-5-1 Communications Control Procedures .. ...t nennns 21
352 BIOCKS it e 22
3-5-3 Error Comtrol ... vttt ittt ettt e i et e e 22
e S o T 11 1 Te) 1 OO 23

3-6 Header Codes oo v ii ittt ittt e ittt e et et e e e 24

3-7 Selection of Write Modes . .o vtv ittt ittt e ettt et e e 25

3-8 RAMDAaAta All Save .. ...ttt e e 26

3-9 Remote/Local Mode Selection . ....ovt ittt ittt it et et 26

310 Set Value Wt . ..ottt et et e et e e 27

3-11 SetValue Read . ... .ooi it i e ettt e et e 27

3-12 Set Limit Read ... ... i e e 28

3-13 Process Temperature Read ......... . .. i 29

3-14 Heater Current Value Read . . ... ... . i i i e e 30

3-15 Initial Status Read . ... .. it it i et e e e e 31

3-16 AUto-tuning Start . . . ..ottt e 33

3-17 AUto-tUNING StOP . . ot ittt e e e 34

3-18 Undefined Error . . ... ..ot e e e e e e 34

3-19 End Code List . ..o ittt e e e e 35

3-20 Communications Time . ... ... ...t i et ettt e et et 36

3-21 Communications Program Example ........ .. ... .. i 37
3-21-1 Program Example of RS-232C/RS-422/RS-485 Communications . . .......... 37
3-21-2 Operation Example . ... ... ... i e 40
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Interface Specifications Section 3-1

3-1 Interface Specifications
3-1-1 RS-232C

This interface is for the ESAF only. Electrical characteristics conform to EIA
RS-232C.

Communications Signals

T 7
0000000000000
POOOOOOOOOOO\

25 e o 14
Signal Abbreviation Signal Pin no.
direction
Frame ground (safety ground) FG — 1
Signal ground or common return SG — 7
Send data SD Output 2
Receive data RD Input 3
Request to send RS Output 4
Clear to send CSs Input 5
Data set ready DR Input 6
Data terminal ready ER OQutput 20

Connection Diagram

The following diagram shows how the ESAF is connected to the host comput-
er using the RS-232C.

)
Host computer ' ' ES5AF
RS-232C ' ' RS-232C
' ]
Abbrevi- |Pin Pin | Abbrevi- .
ation no. no. | ation LT1081CN or equivalent
FG 1b— 1 FG
7N 7\
SG 7 7 SG j
SD 2 2 SD ZTX

2

RS ab o-F - a| Rs
cs |s Treo -5 cs -
DR | 6 .= --Hse| ©or
ER |20} -|-F =-"-~ 20 R —AMN—
\Z \N_/

Shielded cable
If the terminals are connected as shown by the
dotted lines in the figure, which is not absolutely
necessary, the cable can be used regardless of
the direction.

12



Interface Specifications

Section 3-1

3-1-2 RS-422

Communications Signals

Synchronization:
Cable length:

Applicable connectors:

OJONORON®)
OO0

9 - --------6

Connector

Internal clock

15 m maximum. To increase the cable length, use
OMRON's RS-232C optical interface (Z3RN).

Plug:

XM4A-2521 (OMRON) or equivalent

Hood: XM2S-2511 (OMRON) or equivalent

Terminals

Electrical characteristics conform to EIA RS-422.

Connection method (RS-232C direct connection): 1:1 connection only

A carrier detect (CD) signal for the host computer is not supported by the
E5AF via its RS-232C port since the ESAF's RS-232C is defined as DTE
(Data Terminal Equipment). If a CD signal is needed, it must be provided a
the host computer.

The following information identifies the input/output signals of the interface.

Signal Abbreviation Signal direction Connector pin no. Terminal no.
Send Data A SDA Output 9 21
Send Data B SDB Output 5 20
Receive Data A RDA Input 6 23
Receive Data B RDB Input 1 24
Signal Ground SG —-— 3 22
Frame Ground (safety ground) FG —-— 7 —-—

13




Interface Specifications Section 3-1

Connection Diagram

The following illustration shows how the E5AF is connected to the host com-
puter via RS-422.

Host computer |
RS-422

ES5AF
Terminati Abbre-
,gg{;ﬁc'g" Viaﬁ[)i RS-422 MC34050 or equivalent
o Pin| Abbre- 220w SW6OL
_‘d ( N no. | viation r:\N\,_o \o—‘
. RDA 9 SDA 1]

RDB 5 sDB

&.‘, SDA 6 | rRDA AV 1

' SDB 1| RDB Ay d
LM bw—o &

h'6.8 V]

SG 3 SG
N [N, 220 SW602 ~<
The termination re- 1 | w m m

. Shielded cable
sistance must have |

a minimum resis- . ! The termination resistance (220 W) can be connected closing by SW601 and SW602.
tance of 100 W.

Synchronization: Internal clock
Cable length: 500 m maximum (total)

Applicable connectors: Plug: XM2A-0901 (OMRON) or equivalent
XM4A-0921 (OMRON) or equivalent
Hood: XM2S-0911 (OMRON) or equivalent

Connection method (RS-422 connection): Maximum 1:32 connection

Note SW601 and SW602 of the terminator must be turned on. SW601 and SW602
of the Controllers other than the terminator must be turned off.

14



Interface Specifications Section 3-1

RS-422 System Examples

The following example shows several ESAF-A02's connected to a personal
computer using the RS-422 connection method with Link Adapters.

Personal computer

—~——

NN

l
\ =21 D
\ -

RS-232C

|T[2|3I4'5!6l7|8[20

(Host system)

Controller No. 0

Controller No. 1

Up to 32 Controllers (n) can be connected. The maximum extended cable

length is 500 m.

RS-232C
1]2]s]a]s5][6]7[8]20
RS-232C Link Adapter:
I 3G2A9-AL004-E (OM-
RON) (Refer to product
RS-422 literature for details.)
711]13]5]16]9
.;.( RS-422
3G2A9-AL001 (OMRON)

[]a]s[s]e]o

7 7

1] 1

3] 3

=] s Link Adapter [ s — Link Adapter
6 6
9 9
7[1]s]s]e]0]
RS-422 RS-422 RS-422
113 }51}161|9
E5AF-A02 E5AF-A02 ES5AF-AQ02

Controller No. n-1

15



Interface Specifications

Section 3-1

The following example shows several ESAF-A02-X’s connected to a personal
computer. Only one Link Adapter is required (to convert to RS-232C at the
computer) because the Controllers are connected directly to each other.

Personal computer

Host :
computer \\

3-1-3

RS- 232C

112]3]415|6/7!8/20]

1{2]3]4]5]6[7[8]20

RS-232C

Link Adapter (3G2A9-AL004-E)

711]/3]5]619
RS-422
________________ -
I !
1135|619
ESAF-A02:X ESAF-A02 X Controlle no
Controller no. 0 Controller no. 1 -1 ’

The maximum number of connecting Controllers (n) is 32 with a total cable

length of 500 m maximum.

RS-485

Electrical characteristics conforms to EIA RS-485.

Communications Signals

The following information identifies the input/output signals of the interface.

OJONORON®)
OO0

9

- - ——=-----6

Connector

Terminal

Signal

Abbreviation

Signal direction

Connector pin no.

Terminal no.

Inverted output

Negative (-) side

Input/output

9, 6 (common)

21, 23 (common)

Non-inverted output

Positive (+) side

Input/output

5, 1 (common)

20, 24 (common)

Signal ground

SG

3

22

16




Interface Specifications

Section 3-1

Connection Diagram

'
Host computer

The following diagram shows how the ESAF is connected to the host comput-
er using RS-485.

VDD .
E5AF: SW601 of Controllers other SN751L77N or equivalent

! than the terminator must be turned

RS-485 ' off. S1K E:
Abbrevi- !
ation , RS-485 1 V2
G Pin Abbrevi- 220 W SW601
1 no. | ation o o— 47K
N C )
- 9 - ® AAA
I\(\5 2 Xﬂ . S
+ 5 + AN
NV
SG 3| se 68V i i J’ /
) '

Shielded cable

. E5AF
, terminator
'+ RS-485
'
_ Pin | Abbrevi- 220 W swe01 ON
() () no. | ation
9 - o N
5 + <
3 SG j SW601 of the terminator
\_/ \_/ , must be turned on.
Shielded cable |
'
'
Synchronization: Internal clock

Cable length: 500 m maximum (total)

Applicable connectors: Plug: XM4A-0921 (OMRON) or equivalent
Hood: XM2S-0911 (OMRON) or equivalent

Connection method (RS-485 connection): Maximum 1:32 connection

In the connection diagram above, the Temperature Controllers cannot be
connected to a SYSMAC Wired Remote I/O System (SYSMAC BUS).

17



Before Applying Power Section 3-2

3-2 Before Applying Power

Before switching on power to the E5AF, set the switches by following the pro-
cedures below.

Opening the ESAF Disconnect the communications cable from the E5AF. Lift the internal mecha-
nism while pressing the hook at the bottom of the front panel.

Communications

cable Pull out the internal mechanism while
holding down the hook with your finger.
Mounting or Removing the To mount the Output Unit, insert it in the direction shown by the arrow. To re-
Output Unit move it, first remove the communications board (A) by pulling it in the direc-
tion of the arrow (=). Then remove the Output Unit.
Mount the Output Unit with
this mark facing the direction
== (A) indicated by the arrow.
If the relay for the output selector switch (SW202), the
SSR, or the Voltage Output Unit is installed, set the out-
put selector switch to PUL (pulse). If the Current Output
Unit is installed, set the switch to CUR (current).
Function Switches Refer to the E5AF instruction manual or the operating procedures in the da-

tasheet for detailed information about setting the switches shown in the fol-
lowing diagram.

Key Protect (SW101)

Output selector (SW202, OUT)

Temperature sensor selector (SW206, INPUT)
Alarm 2 mode selector (SW203, ALM2)

Alarm 1 mode selector (SW205, ALM1)

Function selector (SW201, FUNCTION)

18



Before Applying Power Section 3-2

Terminator Designation For the RS-422 (E5AF-A02) and RS-485 (E5AF-A03) Models, designate the
E5AF located at both ends of the transmission line as an terminator by set-
ting the terminator switch of that Controller to ON. (Terminator designation is
not required for the RS-232C Models.)

Communications
connector

Terminator Switches SW601 and SW602 are factory set to OFF. SW601 and SW602 of Controllers
other than the terminator must be OFF.

<

SW602 SwW601

Terminator SW602 SW601
RS-422 designation ON ON
RS-485 designation There is no SW602. ON

Caution If a wrong Controller is designated as the terminator, the operating current
will increase, thus causing the Fuzzy Temperature Controller to malfunction.

19



Key Operation

Section 3-3

3-3

Display Levels

Key Operation

Before attempting communications when using RS-232C, RS-422, and
RS-485 Models, set the baud rate (communications speed) and Controller
number according to the following procedures; use the keys on the front of
the Controller to make the settings. For operation procedures other than the
following, refer to the operation manual supplied with the Controller or the
operating procedures listed in the datasheet.

The ESAF/ESEF goes to display level 0 when power is turned on. The display
level changes when the level key is pressed for two seconds or more. The
displayed contents at each level are shown in the following diagram. The
baud rate and Controller numbers can be set at display level 2.

Power on

Display level 0

Display level 1 Display level 2
Level Key Level Key Level Key

fuzzy strength.

Process temperature, main
setting, alarm value, input
shift value, PID constants,

Setting limit, control Control output value, Con-
period, input shift value, troller number, input type,

hysteresis, fuzzy scale 1, baud rate alarm modes (1
fuzzy scale 2. and 2).

Setting the Controller
Number and Baud Rate
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Character Display:

Control output value (See Note)
C2 Press Display Key

Input type

2 Press Display Key

A= IAIarm 1 mode

2 Press Display Key

AL -2 I Alarm 2 mode (see Note)

<2 Press Display Key
'Y = = & | Controller number

2 Press Display Key

A Baud rate

2 Press Display Key

Note Heater Burnout Detection Models do not have a Alarm 2 mode display.

Controller Number (u-no): This setting assigns a Controller number (inte-
gers from 0 to 99) to each Fuzzy Temperature Controller to allow the host
computer to distinguish one Fuzzy Temperature Controller from the others in
the same system during communications. When u-no appears on the pro-
cess value display, use the Up Key or Down Key to input a set value. The
Controller number is set to 0 before shipment. Do not give identical Controller
numbers to Fuzzy Temperature Controllers in the same system, as this will
interfere with communications.

Baud Rate (bps): This sets the speed for communications with the host com-
puter. When bps appears on the process value display, use the Up Key or
Down Key to input a set value. The rate is set to 9600 bps before shipment.
The baud rate can be set to 150, 300, 600, 1200, 2400, 4800, or 9600 bps.
The set value becomes effective only after the ESAF/ESEF power is switched
off once and then on again.
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3-4

3-5

3-5-1

General RS-232C/RS-422/RS-485 Specifications

Transmission line connection:

Communications system:

Synchronization system:

Communications speed:

Communications code:

Error detection:

Interface:

bit

Start bé

P e m e e e e m e m =y e =y .=y m =y = - p—m—- = e

Multiple point
RS-232C/RS-422 (4-wire, half-duplex),

RS-485 (2-wire, half-duplex)

Start-stop synchronization (2 stop bits)
150/300/600/1200/2400/4800/9600 bps

ASCII (7 bits)

Vertical parity (even) and FCS (frame check

sequence)

RS-232C/RS-422/RS-485

Definition of Terminal: DTE (Data Terminal Equipment)

arity
bit

Ul
(2N}
0.

2 stop

bits

The ESAF RS-232C is defined as DTE (Data Terminal Equipment). This
means that a carrier detect (CD) signal for the host computer is not sup-

ported. If a CD signal is needed, it must be provided (via the +12 V terminal)
on the host computer side.

The communications specifications of the E5AF are the same as those of the

E5AX, except for the commands that are used for the fuzzy function of the

ESAF.

Communications and Error Control

The communications protocol for the ESAF/ESEF is a special conversational

type. The first right to send belongs to the host computer, and the right is

transferred with each block sent. Whenever a command block is sent, a re-
sponse block is sent in return.

Communications Control Procedures

Host

E5AF/ESEF

@

Controller no.

Header code

Text

FCS

Terminator

Command block

@

Controller no.

Header code

Text

FCS

—

@

Controller no.

Header code

Text

FCS

Terminator

Terminator

Response block

Command block

@

Controller no.

Header code

Text

FCS

Terminator

Response block

hl

L
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Communications and Error Control Section 3-5

Controller numbers correspond to unit numbers in a PC system. When as-
signing Controller numbers for several Controllers, be sure to avoid duplica-
tion of the settings.

3-5-2 Blocks
The block transmitted from the host computer is referred to as a command
block.
Blocks sent from the Temperature Controller are called response blocks.
One block begins with the start character “@” and communications address,
and ends with the FCS and a terminator. Data characters are in ASCII.
8 bit
/\ »
T «
@| Controller no.| X| X X| X|* )
X101 | x100 "
\ A\ C NN/
(00t0 99) Header Text FCS Terminator
code
FCS range of calculation

FCS Calculation Example

3-5-3 Error Control
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The FCS (frame check sequence) is formed by converting the 8-bit data ob-
tained by taking the exclusive-OR of @ to the last text character into two
ASCII characters. Be sure to attach the FCS to the end of the text.

Controller Header Text FCS

ASCII code no. code

Ls| 40H | 30H | 30h | 52H| 55H | 30H| 31H | 34H| 36H

FCS = 40H (+) 30H (+) 30H (+) 52H (+) 55H (+) 30H (+) 31H = 46H
(Converted into ASCII code 34H + 36H)
(+) is exclusive-OR, H is hexadecimal code.

ESAF/ESEF errors must be corrected at the host computer. The host comput-
er controls the following error recovery procedures:

Errors in transmission can be detected in the following ways.
1. Character checks (check of each character)

* Vertical parity check (even): This is an exclusive-OR check for each char-
acter.

» Framing check: This detects the 0 bitin a stop bitand determinesitto be an
error.

» Overrun check. Overrun occurs when the next character is received while
the current character is being processed.

2. Block checks (check of each block)

» Format check: Command format structure is checked.

 Register data check: The range of values such as the channel numbers or
set value is checked.



Communications and Error Control Section 3-5

3-5-4 Precautions

* FCS: Exclusive-OR from @ to the last character in the text.

When reading or writing various types of numeric data, take decimal posi-
tions into account. All data is expressed in four digits.

It is necessary to take decimals into account in the following cases:

* Proportional band

 Output value

» Main setting, alarm value, process temperature, and set limit value when Pt
100W is selected.

» Fuzzy scale 1 and fuzzy scale 2.

» Heater burnout alarm value and heater current value for the ESAF/ESEF-
AH_ and E5EF-BAH.

Example 1: When a Pt 100W is selected as an input and the main setting
is 20%C, the data becomes 0200.

Example 2: A main setting of -15%C is expressed as F015. When a Pt
100W is selected as input, a main setting of -10.5%C is ex-
pressed as F105.

After sending a command, a response is returned. Check the contents of the
response and process it on the host computer.

The system cannot operate when the ESAF detects overflow, underflow, or
A/D error. Write a program which checks the status data.

When a communications input is executed in ordinary BASIC, the computer
waits for an input and cannot operate without it. Write a program which can
confirm that communications are not taking place when, for example, the
E5AF is not powered up.

When errors are suspected to have been caused by noise, try executing
communications repeatedly (approximately 10 times) until the ESAF/E5SEF
returns to the normal operating condition.
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Section 3-6

3-6

Header Codes

The following table shows the header codes for each Model. The codes are
accompanied by their function names. The table also indicate whether each
of the functions can be operated in the Remote mode and the Local mode.
For further details, check the reference section in the last column.

Header code Name Remote mode Local mode Remarks Reference
section

ME Backup mode Yes - (See Note 1) 3-7
MA RAM write mode selection
MW RAM data all save Yes - (See Note 1) 3-8
MB Remote/Local mode select Yes Yes (See Note 3) 3-9
WS Main setting write Yes - (See Note 1) 3-10
W% Alarm temperature write
Wi Input shift value write
WB Proportional band write
WN Integral time write
\AY Derivative time write
ww Heater burnout alarm Yes - (See Note 1 3-10

temperature write and 2)
Wj Fuzzy strength write Yes - (See Note 1) 3-10
Wk Fuzzy scale 1 write Yes —_— 3-10
Wi Fuzzy scale 2 write Yes - 3-10
RS Main setting read Yes Yes —-— 3-11
R% Alarm temperature read
RI Input shift value read
RB Proportional band read
RN Integral time read
RV Derivative time read
RO Output value read
RW Heater burnout alarm Yes Yes (See Note 2) 3-11

temperature read
Rj Fuzzy strength read Yes Yes - 3-11
Rk Fuzzy scale 1 read Yes Yes 3-11
RI Fuzzy scale 2 read Yes Yes 3-11
RL Setting limit read Yes Yes - 3-12
RX Process temperature read Yes Yes - 3-13
Rz Heater current read Yes Yes (See Note 2) 3-14
RU Initial status read Yes Yes —-— 3-15
AS Auto-tuning start Yes - —-— 3-16
AP Auto-tuning stop Yes - —-— 3-17
IC Undefined error Yes Yes Response to an | 3-18

undefined
header code.
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Note 1.

Write commands are not valid in the local mode or during auto-tuning. If

attempted, an end code “OD” (command cannot be executed) reply will be

received.

2. These header codes are available when using the ESAF/ESEF-AH_ and
E5EF-BAH.

3. This header code is available when using the ESEF-AH_ and ESEF-BAH.




Selection of Write Modes Section 3-7

3-7 Selection of Write Modes

The set value data sent from the computer or the sequencer is internally
stored in the ES5AF/E5EF, which has a non-volatile memory and a RAM. The
set value is stored in the non-volatile memory even when power is turned off.
The RAM, however, should be used instead of the non-volatile memory if the
set value must be changed frequently while operating the ESAF/ESEF.

The ESAF/ESEF has two kinds of write modes (backup mode and RAM write
mode), either of which can be chosen for data storage.

When power is turned on, the ESAF/E5SEF enters its backup mode automati-
cally. Changing the mode is possible with communications commands only.
The selection of write modes are explained as follows:

Backup Mode In the Backup mode, all set values are stored in the non-volatile memory and
the RAM. This mode should not be selected if the value you set must be
changed frequently (more than a few times a day in single value control oper-
ation, for example) while operating the ESAF/ESEF.

The ESAF/ESEF automatically enters its Backup mode each time power is
ON. The non-volatile memory stores data when ESAF/E5EF is in local mode.

The following block diagram shows the condition of data storage for both
Backup mode and Local mode:

Communications board Non-volatile memory

CPU

Keys RAM

(Local mode)

RAM Write Mode In the RAM write mode, all set values are stored in the RAM while power is
on. This mode should be selected if the value you set must be changed fre-
guently (in program control operation, for example). Any set value stored in
the RAM is lost when the power is turned off. Any set value written in this
mode will not be backed up. Use the RAM data all save function to store it.

The following block diagram shows data storage in the RAM write mode.

Non-volatile memory

Communications board CPU ff RAM data all save

RAM

Relationship between Write Mode Switching and Remote/Local Modes

Switching from the Remote mode to the Local mode or vice versa does not
affect the write mode that has been already set. Any values that have been
set are automatically stored in the non-volatile memory when the mode is
switched from the Remote mode to the Local mode. In the Local mode, val-
ues are stored in the non-volatile memory regardless of the write mode that
has been selected.
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Remote/Local Mode Selection Section 3-9

Command Format ME: Backup mode
MA: RAM write mode

Channel no.: 01

[ [ [ [
@| Controller no.| M_ 01 FCS * )
x10t | x100| | | |
A\ /\ N/
Start 00t099 Header Channel no. Terminator
code
Response Format If the end code is 00, operation was normal. If the end code is other than 00,
the command was not processed.
[ [ [ [
@| Controller no.| M_ End code FCS * )
xiot| x100| | | xiet| xae |

Note For the end code list, refer to 3-19 End Code List.

3-8 RAM Data All Save

If the RAM data all save is executed, the contents of the RAM is transferred
to the non-volatile memory. Any set value written in the RAM write mode is

lost when power is turned off. To avoid this, execute the RAM data all save.
There will be a response delay after this command is executed since the

transfer will take approximately 0.5 s.

Command Format Channel no.: 01
[ [ [ [
@| Controller no.| MW 01 FCS * )
x10t | x100( | | |
N NN N\ N/
Start 00to99 Header Channel no. Terminator
code
Response Format If the end code is 00, operation was normal. If the end code is other than 00,
the command was not processed.
[ [ [ [
@| Controller no.| MW |  End code Fcs | % )
x10t| x100| | | xaet| xae0 |

3-9 Remote/Local Mode Selection

Select Remote or Local mode.

Command Format Set value 0000: Remote mode
Set value 0001: Local mode
Channel no.: 01

| | | | | | |
@| Controller no.| MB 01 Set Value FCS * )
x10t| x100| | | xa0t| x100| x10%| x102| x10t| x109| x16| x169
U\ /\ /\ / \ /
Start 00 to 99 Header Channel no. Terminator
code
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Set Value Read Section 3-11

Response Format If the end code is 00, operation was normal. If the end code is other than 00,
the command was not processed.
| | | |
@| Controller no.| MB End code FCS * )
x10t | x10°| | | xu6] x16 |

3-10 Set Value Write

For main setting, alarm value, proportional band, integral time, derivative
time, cooling coefficient, dead band, input shift value, heater burnout alarm
value, fuzzy strength, fuzzy scale 1, fuzzy scale 2.

Command Format

I I I I I I I
@| Controller no. | W Channel no. Set Value FCs * )
x10t| x100| | | xa0t| x100| x103] x102| x10| x100| x16] x16°
N\ A\ / \ /
Start 00t099  Header Terminator
code

Note 1. Decimals must be taken into account for writing some types of data.

2. For negative data values, x103 becomes “F” (e.g. -35%C = F035).

3. The channel number can be set to either 01 or 02. When setting alarm
output 2 for the ESAF-A, use the channel number 02. For all other set-
tings, use channel number 01, or end code 15 will be returned.

4. The Controller number (00 to 99) must be a decimal code that allows the
host computer to distinguish an ESAF Model from the other ESAF Models
in the same system when communicating (via RS-422 or RS-485). Do not
give identical Controller numbers to Fuzzy Temperature Controllers in the
same system as this will interfere with communications.

|
@ 0 0 w % 0 2 0 1 2 0 FCS * )
AN /\ /\ /\ /
Start Controller Header code Channel no. 120%C
no.
Response Format If the end code is 00, operation was normal. If the end code is other than 00,
the command was not processed.
| | | |
@| Controller no.| W End code FCS * )

x1o0t| x100| | | xet| xae0 |
\ N/
00 to 99 Header
code

Note For the end code list, refer to page 3-19 End Code List.

3-11 Set Value Read

For main setting, alarm value, proportional band, integral time, derivative
time, cooling coefficient, dead band, input shift value, heater burnout alarm
value, fuzzy strength, fuzzy scale 1, fuzzy scale 2.
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Command Format For Channel no. settings, refer to 3-10 Set Value Write.
| | | |
@| Controller no.| R Channel no. FCS * )
xiot| x100| | | x10t| xac0 |
AN N/
Start 00 to 99 Header
code.
Response Format If the end code is 00, operation was normal. If the end code is other than 00,

the command was not processed.

For negative data values, x102 becomes F (e.g. -35%C = F035). The output
value is processed down to the first decimal place (e.g. 0567 = 56.7%). For
details refer to 3-16 Auto-tuning Start.

| | | | | | |
@| Controller no.| R End code Set Value FCS * )
x10t| x100| | | xaet| x160| x103| x102| x10t| xaot |
U\ /\ /
Start 00 to 99 Header
code

3-12 Set Limit Read

The upper or lower limit of the set value can be read. If a temperature ex-
ceeding the range of the set limit is written, end code 15 (register error) will
result. Use the Setting Limits command to check the setting range.

Command Format

[ [ [ [
@| Controllerno.| R L 0 1 FCS * )
x10t| x100| | | x10t| x100 |
AN AN\ /
Start 00 to 99 Header Channel no.
code
Response Format For negative data values, x103 becomes F (e.g. -35%C = F035).

Any data read will not include decimals. Refer to the following examples:
For a Pt 100W input (-99.9% to 450.0%C), the lower limit is F999 and the

upper limit is 4500.
For a K thermocouple input (-200 to 1,300%C), the lower limit is F200 and

the upper limit is 1300.

| | | | | |
@| Controllerno.| R L End code Set value lower limit
x10t| x100| | | xa6t| x160| x103| x102| x10t| x100
\ /\ /

00to 99 Header T T T T

code o

Set value upper limit FCS * )

x103 | x102 | x10| x10° |
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Process Temperature Read

Section 3-13

3-13 Process Temperature Read

Command Format

This command is used to read the process temperature and status data.

| | | |
@| Controllerno.| R X 0 1 FCS * )
x10t| x100| | | x10t | x100 |
NN AN\ /
Start 00 to 99 Header Channel no.
code
Response Format
| | | | | |
@| Controllerno.| R X | End code Process temperature
x10t| x100| | | xa61| x160| x103| x102| x10?| x109
N /\ /
Start 00t0o 99 Header | | | |
code
Status data FCS * )
x163 | x162| x16| x16° |
\ /
Status Data
N\
X163 X162 X161 X160
23 22 21 20|23 22 21 20| 23 22 21 20| 23 22 21 20
Remote mode: J I— Overflow
Local mode : 1: —— Underflow
Sensor malfunction
A/D converter failure
Backl_Jp mode: 0 Heater burnout detection
RAM write mode: 1 RAM data abnormality (See Note)
Auto-tunlng being 0; RAM and non-volatile memory
carried on. |_ data coincide.
Alarm output 2 ON. 1: RAM and non-volatile memory
Alarm output 1 ON data do not coincide.
Input shift input ON

As the status data, the corresponding bits are set. For example, when alarm
output 1 is ON, the status data is 0200 (ASCII code - 30H, 32H, 30H, 30H).

For negative data values, x103 becomes F (e.g. -35%C = F035).
An A/D error requires ESAF/ESEF inspection.

When the ESAF/ESEF is underflowing, the process temperature will be the
lower limit value of the maximum input range. During overflowing or with sen-
sor error, the process temperature will be the upper limit value of the maxi-
mum input range. Check the status data for the proper operation of the
ESAF/ESEF.

For the Heater Burnout Detection Models, alarm output 1 bit is used as the
alarm bit. Alarm output 2 bit is for the detection of heater burnout and abnor-
mal input.

For the Heater Burnout Models, the input shift bit is 0.
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Heater Current Value Read Section 3-14

RAM Data Abnormality:

When a data error occurs while a set value is being written into the RAM, the
RAM data will be void, and the data in the non-volatile memory will be trans-
ferred instead.

Non-volatile memory

Communications board CPU U Transfer

RAM

FAAA—

Data error

Simultaneously, the status data will have the RAM data abnormality flag.
Check the error referring to the following examples and take necessary
counter-measures:

Example 1: Always check if the status data has the RAM data abnormal-
ity flag. The RAM data abnormality flag in the status data
means that an abnormality has occurred. The flag will be
reset after it is read.

Example 2: Always monitor the set values. Any value different from the
one that has been written means that abnormality has oc-
curred.

3-14 Heater Current Value Read

The CT input value and status data can be read.

Command Format

[ [ [ [
@| Controllerno.| R Z| 0 1 FCs * )

x10t | x100[ | | x1ot| x100 |
AN NN\ /

Start 00to 99 Header Channel no.
code

Use Channel number 01, or end code 15 (data error) will be returned.
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Response Format

I I I I I I
@| Controllerno.| R Z| End code CT input value
x10t | x100| | | x16t| x160| x10% | x102| x10t| x100
A N/
Start 00t099  Header
code
I I I I
Status data FCS * )
X168 | x162| x161| X160 |
\ /

Status Data

X163 X162 X161 X160

23 22 21 20[ 23 22 21 20

I— *1 Overflow

*2 Display hold

*1: If the heater current exceeds 50.0 A, 1 will be set, at which time 50.0 will be read as an heater current value.
*2: If the control output is ON for less than 200 ms, 1 will be set and the present value will be maintained as a heater current value.

3-15 Initial Status Read

This command is used to check the initial status of the internal settings of the

ESAF/ESEF.
Command Format
| | | |
@| Controllerno.| R U 0 1 FCS * )
xio0t| x100[ | | x1ot| x100 |
A AN\ / _/
Start 00to 99 Header Channel no. Terminator
code
Response Format
| | | | |
@| Controller no.| R U| End code Status [ ALM1 [ ALM2 {;ggf FCS * )
x10t| x100| | | xa6| x160| x103| x102 |
A\ /\ / \ /\ /\ /\ /
Start 00to 99  Header ()* 2* ©@* @
code *: refer to the following subsections within this response format section.
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Initial Status Read Section 3-15
(1) Status Data
x161 x169
23 22 21 20 23 22 21 20
“q “qr

L Controlmode ............. ON/OFF PID with feed-forward circuitry
Output operation .......... Normal Reverse
Input shift display . ......... Yes No
Display unit ............... %F %C
PID constant display .. ..... Yes No
Outputtype ............... Current Pulse

(2) Alarm Mode

x160 Name

No alarm function

Upper/lower limit alarm

Upper limit alarm

Lower limit alarm

Upper/lower limit range alarm

Upper/lower limit alarm with stand-by sequence

Upper limit alarm with stand-by sequence

Lower limit alarm with stand-by sequence

Absolute value alarm

Ol N|j]ojoa]ls~|]W]IN]|+F]O

Proportional alarm (See Note)

Note The proportional alarm mode is not available for alarm output 2 of the ESAF/
ESEF-A_and E5EF-BA. Alarm output 1 of the ESAF/ESEF-AH_ and E5EF-
BAH has alarm data. Alarm output 2 of the Models do not have an alarm

function.
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Auto-tuning Start Section 3-16

3)

Input Type (E5AF)
No. Type
0 R
1 S
2 K
3 J
4 T
5 E
6 JPt100
7 Pt100
8 L
9 U

Thermocouple Type (ESEF)

No. Type
0 R
1 S
2 K
3 J
4 T
5 E
6 B
7 N
8 L
9 U

Platinum Resistance Thermometer Type

No. Type
0 JPt100
Pt100

3-16 Auto-tuning Start

Command Format

| | | |
@| Controllerno.| A S 0 1 FCS * )

x10t | x100| | [ x10t] x100 |
N\ /\ /\ /

Start 00t0 99 Header Channel no.
code

Note 1. If this command is sent during auto-tuning, an end code “OD” (command
cannot be executed) will be returned.
2. To check the execution, completion, or interruption of auto-tuning, use the
response block status data that corresponds to the process temperature
reading.

33



Undefined Error Section 3-18

3. To restart auto-tuning while auto-tuning is in progress, stop it once and
then restart.

4. With ON/OFF control (function selector SW201 is ON), auto-tuning cannot
be executed.

Response Format

| | | |
@| Controllerno.| A S End code FCS * )
x1o0t| x100| | | xe| x1e0 |
\ /\. /
Start 00t0o 99 Header
code

3-17 Auto-tuning Stop

Command Format

[ [ [ [
@| Controllerno.| A P| 0 1 FCs * )

x10t| x100[ | | x1o0t| x100 |
AN AN\ /

Start 00to 99 Header Channel no.
code

Note When auto-tuning is interrupted, the setting data becomes that before the
start of auto-tuning.

Response Format

| | | |
@| Controllerno.| A P End code FCS * )
x1o0t| x100| | | xe| x1e0 |
AWAN N/
Start 00t0o 99  Header
code

3-18 Undefined Error

The response when the header code of the command cannot be read.

Response Format

| | |
@| Controllerno.| I C FCS * )

x10t | x100( | |
U\ /\ /

Start 00to 99  Header
code

34



End Code List

Section 3-19

3-19 End Code List

End code Contents
x 161 x 160
0 0 Normal ending (when there is no error in the command block sent from the host computer)
0 1 -—
0 2 -—
0 3 -—
0 4 -—
0 B -—
0 C -—
0 D Command cannot be executed
1 0 Parity error (even)
1 1 Framing error
1 2 Overrun error
1 3 FCS error
1 4 Format error
1 5 Data error
1 6 -
1 8 -
1 9 -
2 1 Non-volatile memory write error (see note)

Note This end code is available when using the ESEF.

Error Criteria

End code Contents Condition

0D Local mode When a write command is sent while the Fuzzy Temperature Controller is in its
local mode or performing auot-tuning.

10 Parity error (even) When the sum of “1” bits in the received data do not agree with the even or
odd parity that has been set.

11 Framing error When the stop bit is 0.

12 Overrun error When the receive data register is full and new receive data is transferred to it.

13 FCS error When the FCS shows disagreement.

14 Format error When the total length of the command is incorrect.

15 Data error When there is a setting error in write data.
When a Channel number is invalid.
When the write data is not acknowledged as numeric values.

Order of Priority

ESAF:
Wrong Controller number > Undefined > Local mode > Parity > Framing >
Overrun > FSC error > Format > Register data

ESEF:

Undefined > Command execution impossible > Parity > Framing > Overrun >
Format > FCS error > Non-volatile memory > Data
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Communications Time Section 3-20

3-20 Communications Time

Due to transmission speeds and E5AF’s internal processing, there will be a
time delay in RS-232C, RS-422, or RS-485 communications as follows:

Example 1: Writing the Main Setting
Setting 500%C to Channel no. 01, Controller no. 00.
Command Format:

@00WS010500 (FCS 2 digits) *.) 15 bytes.

Since the configuration of start-stop sync data requires 11 bits to 1 byte,

11 bits x 15 bytes = 165 bits. Therefore, when communicating at 1,200 bps,
165/1,200 bps = approx. 0.2 s.

Internal Processing Time: 0.5 s max.
Operating Cycle: 0.5 s max.

The time from the start of communications to the start of the resulting opera-
tion is therefore a maximum of 1.2 s (0.2 + 0.5 + 0.5).

Example 2: Reading the Process Temperature
Reading the temperature of Controller 0O.
Command Format:

@OO0RX01(FCS 2 digits) *.) 11 bytes.
11 bits x 11 bytes = 121 bits.

Response Format:

@O00RX000500(status data 4 digits)(FCS 2 digits) * ) 19 bytes (present
value: 500%C).

11 bits x 19 bytes = 209 bhits. Therefore, when communicating at 1,200 bps,
(121 + 209 bits)/1,200 bps = approx. 0.3 s. However, no more than 0.8 s is

required between the time the command is sent and the response is output.

Internal Processing Time: 0.5 s max.
Operating Cycle: 0.5 s max.

The time from the communications start to the process temperature read is
approx. 0.5 s. Thus the temperature displayed is actually no more than a
maximum of 0.7 s (0.2 + 0.5) previous to the time of reading.
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3-21 Communications Program Example
3-21-1 Program Example of RS-232C/RS-422/RS-485 Communications

Input the data to be transmitted from the start character “@” to the last char-
acter of text data. After data input, FCS is calculated and transmitted with a
terminator. If this program is not executed correctly, there is an error in the
transmission section; check the connection of communications cables

1000 "**kkkhkkdkdhkhhhhhdkhhrhhhdhdhhhhhhhdxhhrdrhdhddkhrhrrsk

1010 r* PROGRAM : ES5AF-__ communications for PC-9801 *
1020 '~ VERSION : 2.01 *
1030 '* Copyright (C) 1990 OMRON Corporation *

1040 ’'*Fkkhkkhhddhhkhkhhhdhhhkhhhhdhdhdhdhhrhdddddrrhhddbxrrrhdsk
1050 IEEEE S S S SR LR EEEEEEEEEEEEEEEREEEESEEEEEEEEEEEEEE SR

1060 '* <Main processing> *

1070 ’'*F*dkkhhkkkhdhhhhhhhdhdhrhhhdhrhhhhhhhxhddddrrrhddsk

1080 *MAIN

1090 GOSUB *INIT '<Initial setting>

1100 GOSUB *MDAT '<Transmission data formation>
1110 GOSUB *COMM '<Communication execution>
1120 GOSUB *DISP '<Display processing>

1130 GOSUB *QUIT '<End processing>

1140 END "End

1150 Thkkkkhkkkkkhkkhkhkkhkhkkkhkkhkhkkhkkkhkkhkkhkhkkhkkkhkkkkkikkkkk,*x%

1160 '* <Initial setting> *

1170 ’'T*F*Fkkhkkkhdhhhhhhhdhdhrrhhhdhdhdhhhdhddrddddrrrhddsk

1180 *INIT

1190 CLs 'Clear screen

1200 TIM=1000 'Reception wait time setting
1210 LMT=10 'Retry frequency setting
1220 DIM NGMS$ (LMT-1) ‘NG data storage in memory
1230 PRES="@OORUO1" 'Default command

1240 TRMS$="*"+CHRS$ (13) 'Terminator definition
1250 NG1$="NO RESPONSE” 'NG data definition

1260 NG2$="END CODE:" !

1270 NG3$="FCS ERROR ” !

1280 OPEN ”"COM:E73"AS #1 'Set communications port

1290 RETURN

1300 Thkkkkhkkkkkhkkhkhkkhkhkkkhkkhkhkkhkkkkkhkkhkhkkhkhkkhkkhkhkkhkkkkk,*x%

1310 '* <Transmission data formation> *

IRPAVERAEE R R R R EEEEEEEEEEEEEEEEEEREEEEEEEEREEEEE R R R R

1330 *MDAT
1340 INPUT ”SEND DATA : ”,SENDS$ 'Send command input
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1350
1360
1370
1380
1390
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

38

IF SEND$="" THEN SEND$=PRES$

DUMY $=SENDS

GOSUB *FCS
SEND$=SEND$+FCS$+TRMS
RETURN

'Transmission command determination
14
'FCS calculation

'<Transmission data formation>

LR SR R Sk Sk o ok b S e e S R R R R R S R R R S o e S S O S

'* <Communication execution>

*

Thkkkkhkkkkkhkkkhkhkkhkhkkkhkkhkhkkkhkkkkkhkkhkhkkhkhkkhkkkkkikkkkk,*x*%

*COMM

NG=0

*RETRY

CNT=0

REC=0

RESPS$=""

PRINT #1,SENDS$:

WHILE (CNT<TIM AND REC=0)
IF LOC(1)=0 THEN *SKIP
DUMY$=INPUTS$ (LOC(1),#1)
RESP$=RESP$+DUMY$
CHK$=RIGHT$ (RESPS$, 2)

IF CHK$=TRM$ THEN REC=1
*SKIP

CNT=CNT+1

WEND

GOSUB *RESP.CHK

IF CHK<>0 THEN RETRY
RETURN

"Clear retry and counter

'Clear reception wait time
'Clear reception end flag

'Clear reception data

'‘Data transmission

"(Waiting for reception)
'Received data presence/absence judgment
'Received data acceptance
'Terminator check

'Reception wait time progression
'Response check

'Retry execution

Thkkkkhkkkkkhkkhkhkkkhkhkkkhkkhkhkkkhkkkhkkhkkhkhkkhkhkkhkkkkkikkkkk*x*%

'* <Display processing>

*

LR R Sk Sk S ok ok b S e e S R R R R R S R R R R R S o S S S S S

*DISP

PRINT "“"RESPONSE : ”;RESPS$
IF NG=0 THEN *DISP.END
FOR I=1 TO NG

PRINT “TRY”;I;"”=> ";NGMS$S(I-1)

NEXT
*DISP.END
RETURN

'Received data display
'NG data display

14
I
l4

14

LSRR SR Sk S o ok b S e e S R R R R R S R R R R R S o S S S S S

'* <End processing>

*

Thkkkkhkkkkkhkkhkhkkhkhkkkhkkhkhkkhkkkhkkhkkhkhkkhkhkkhkkhkhkkikkkkk*x%
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1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060

2070
2080
2090
2100
2110
2120
2130
2140
2150

*QUIT
CLOSE #1
RETURN

Close communications port

LSRR Sk Sk Sk o ok b S i e S R R R R R R R R R R R S o g S O S S S

'* <FCS calculation>

*

LSRR R Sk Sk o ok b S e e S R R SR R R R R R R R S e o S S S S S

*FCS
FCS=0
FOR I=1 TO LEN(DUMY$)

FCS=FCS XOR ASC(MID$ (DUMY$,I, 1)

NEXT

FCS$=RIGHTS (”0”+HEX$ (FCS),2)

RETURN

'Clear FCS

I
14

l4

'FCS HEX conversion

Thkkkkhkkkkkhkkhkhkkhkhkkkhkkhkhkkhkkkhkkhkkhkhkkhkhkkhkkkhkkikkkkk*x%

'* <Response check>

*

Thkkkkhkkkkkhkkhkhkkkhkhkkkhkhkhkhkkhkkkkkhkkhkhkkhkhkkhkkhkhkkhkkkkkkx%

*RESP.CHK

CHK=1

IF REC=0 THEN *RESP.ER
CDE$=MIDS$ (RESPS,6,2)

CHK=2

IF CDE$<>"00” THEN *RESP.ER
CHK=0

GOSUB *FCS.CHK

IF CHK=0 THEN *CHK.END
*RESP.ER

IF CHK=1 THEN NGMS$ (NG)=NG1$

'Tf no response is received
'CHK =1

'If ending is abnormal

"CHK = 2

"FCS check

'Normal end

Il

'NG data storage

IF CHK=2 THEN NGMS$ (NG)=NG2$+CDES$ '

IF CHK=3 THEN NGMS (NG)=NG3$
NG=NG+1
IF NG=LMT THEN CHK=0

*CHK.END
RETURN

’

'NG frequency progression

'Tf NG frequency exceeds the set retry
frequency, then retry CHK = 0

Il

Thkkkkhkkkkkhkkhkhkkhkhkkkhkhkhkhkkhkkkhkkhkkhkhkkhkhkkhkkhkhkkhkkkkkkx%

'* <FCS check>

*

LR R R Sk S ok S e R S R S R R R R R R R R S o S S S S S

*FCS.CHK

LENGTH=LEN (RESPS$ ) -4
DUMY$=LEFT$ (RESP$, LENGTH)
GOSUB *FCS

'Obtain range of calculation

’

'FCS calculation
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2160 RECFCS$=MID$(RESPS$,LENGTH+1,2) When FCS error occurs
2170 IF FCSS$S<>RECFCS$ THEN CHK=3 "CHK = 3
2180 RETURN

3-21-2 Operation Example
The following is an execution example of the previous program:
Bold characters represents operation and the carriage return symbol ) rep-
resents the RETURN key. This program cannot execute transmission normal-
ly unless the initial transmission settings of the personal computer are: even

parity, 7 bits, 2 stop bits, and the same baud rate as the ESAF. If the connec-
tors are not properly connected, the program may stop halfway.

The host computer is a PC-9801.

RUN D

SEND DATA: )

RESPONSE : @00RU000000077 %
(If only the RETURN key is pressed when inputting data,

the RU command is transmitted to Controller no. 00.)

RUN D

SEND DATA : @00RX01 )
RESPONSE : @00RX000085000047 «
(The process temperature of Controller no. 00 is read.)

RUN D

SEND DATA : @00WS011234 )
RESPONSE : @00WS0044 4
(1234 is written as the set value for Controller no. 00.)

RUN D
SEND DATA : @00RSO01 )

RESPONSE : @0O0RS00123445
(The main setting of Controller no. 00 is read.)

RUN D

SEND DATA : @00ASO1 )

RESPONSE : @00AS0D26 % (Final Response)
TRY 1=>NO RESPONSE

TRY 2=>FCS ERROR

TRY 10=>END CODE:0D (Data Error)

The meaning of response is as follows:

@O0RX 00 0085 0000 47 *

FCS

Status data

Process temperature 85

End code (Normal)
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4-1

Communications Connectors

4-1-1 Connection of E5AF-A20 and PC
The ESAF Fuzzy Temperature Controller with BCD communications can be
directly connected to a PC (Programmable Controller) or a personal comput-
er.
ESAF-A20 PC (SYSMAC)
—_— 1
Input circuit DSL1 p OuT N
""""""" DsL2
] [ —_ 3 3
' o (Transiior outpu)
: ;, supply : DSL4 L
' w24V 1 DB e , our :
' 47kW o , ,
""""""" 8 : CcoM :
WwD1 oV
9 ) )
wp2 e———————————————————— | |t e e e . e .- - - - - .
10
WD3
11
WD4
—_— 12
VAL 7 Input Unit
(24 VDC input)
------------- — 14 N F = === === = = = =«
] ] RD1 IN
:}{ : Eer : COM O :
: B ! 1:%11/( ;
! ! E 18 : oMW\ :
' ! BUSY O )
' GND ! 23,24
------------- 24 DC
Output circuit GND 13,25 +V (24 VDC) out
| // COM (0V) ]
COM (24VDC) :IN
+24V Y
oV y—o
Note The communications specifications of the ESAF-A20 and those of the

E5AX-A20 are identical.

Operation Communications are possible as long as the VAL signal from the SYSMAC

PC is ON (low).

When a data select code (DSL1 to DSL6) is input from the PC to the

E5AF-A20, the E5AF-A20 either reads data from lines WD1 through WD4 or

writes data to lines RD1 through RD4 according to the data select code.

Note 1. Use the communications connector on the back of the E5AF to connect
the PC and the E5AF-20.

2. To communicate between one PC and several ESAF-A20 Models, use a
wired OR to connect each signal terminal other than the VAL terminal,
and select the Controller to communicate with using independent VAL sig-
nal lines.

Terminals
Input/output signal name Voltage Current Impedance Remarks
Input DSL1 to DSL6 24 VDC 51 mA 4.7 kW —_—
D1 to WD4
VAL
Output D1 to RD4 24 VDC 5to 15 mA e Open collector
BUSY
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4-1-2 Terminals

E5AF-A20 terminal identifications and functions are shown below.

13 ~===--=-- oo m— o 1
Y 7
0000000000000
pOOOOOOOOOOQ
25 = 14
Terminal no. Signal name Signal Description
direction

1 DSL1 Input Data select code 20
2 DSL2 Input Data select code 21
3 DSL3 Input Data select code 22
4 DSL4 Input Data select code 23
5 DSL5 Input Data select code 24
6 DSL6 Input Data select code 2°
7 S S —
8 wD1 Input Write data 2°
9 wD2 Input Write data 21
10 WD3 Input Write data 22
1 WD4 Input Write data 23
12 VAL Input Effective signal
13 GND ——— Output side power supply 0 V
14 RD1 Output Read data 20
15 RD2 Output Read data 21
16 RD3 Output Read data 22
17 RD4 Output Read data 23
18 BUSY Output BUSY signal
19 — — —
20 — — —
21 — — —
22 — — —
23 24 VDC e 24 VDC output side power supply (must be supplied from an external

power supply)
24 24 VDC - 24 VDC output side power supply (common with terminal 23)
25 GND —-— 24 VVDC output side power supply (common with terminal 13)
Connectors Plug: XM4A-2521 (OMRON) or equivalent.

Hood: XM2S-2511 (OMRON) or equivalent.
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4-2

4-3

4-4

Setting Before Power Application

Make all the proper switch settings as described in 3-2 Before Applying Pow-
er before applying power to the ES5AF. However, no terminator designation is
necessary.

Operations: Front Key Section

There is no need to set a baud rate or other communications parameters with
the operating keys of ESAF-_20 (BCD) Controllers. For additional information

about the operation, refer to the operating procedures in the datasheet.

Communications Programming

4-4-1 Things to Remember

1,2 3.

1. Process values and set values must be read and written in units of four
digits. If all four digits are not written/read, no data will be written or the
E5AF will continue displaying the previous data even after reading
starts.

2. The read data is renewed in the following situations:

« On the falling edge of the VAL signal.

* When a new data select code is set.

« After the four digits of the present data is read, but before reading the next

set of data.

Data can be received when the VAL signal is low.

Data is read after the rising edge of the BUSY signal.

When writing, set the write data and then change the select code.

The select code is read on the falling edge of the BUSY signal. Do not
change the select code while the BUSY signal is high.

7. Once the select code has been changed, do not change it again until
after the falling edge of the next BUSY signal.

8. If the VAL signal goes high while the BUSY signal is low (under pro-
cess), select code processing may be interrupted. Do not change the
VAL signal while the BUSY signal is high.

9. Wait at least 20 ms after the BUSY signal has gone high (OFF) before
changing the VAL signal. VAL signal detection requires a maximum of
20 ms.

10. For negative values, write F as the leftmost digit (e.g. -23%C = F023).

11. When several Controllers have been connected into a wired-OR data
line, keep each VAL signal high for at least 20 ms.

S

4-4-2 Communications Errors

44

Note

When an error occurs, it will not be displayed, but the BUSY signal will be

output. A communications error will occur under the following conditions:

* When an undefined select code is sent.

« When improper four-digit writing data has been set.

* When read or write data cannot be set (refer to the note below).

* When a write command is received while the Controller is in local mode or
is auto-tuning.

The Alarm Temperature (2) (AL2) for ESAF-AH_ cannot be set.
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4-5 Data Select Code
Each of the following set values can be written or data can be read by desig-
nating the relevant data select code for the ESAF-_20 (BCD Models).
Code Write Code Read
00 Undefined 20 Process temperature 100
01 21 10?1
02 22 102
03 23 103
04 Set temperature (1) 100 24 Set temperature (1) 100
05 10?1 25 10?1
06 102 26 102
07 103 27 103
08 Undefined 100 28 Undefined 100
09 101 29 101
0A 102 2A 102
0B 103 2B 103
oC Alarm temperature (1) 109 2C Alarm temperature (1) 100
oD (See Note) 101 2D (See Note) 101
OE 102 2E 102
OF 103 2F 103
10 Alarm temperature (2) 100 30 Alarm temperature (2) 100
11 101 31 101
12 102 32 102
13 103 33 103
14 Undefined 34 Undefined
15 35
16 Memory status 36 Memory status
17 Mode status 37 Mode status
18 Undefined 38 Error code (1)
19 39 Error code (2)
1A 3A Status (1)
1B 3B Status (2)
1C 3C Status (3)
1D 3D Alarm Type (1)
1E 3E Alarm Type (2)
1F 3F Sensor Type

Note Alarm temperature (1) is effective for the ESAF-AH_.
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Data Explanation

1. Memory and Mode Status  Each status explained below is for the write mode. For details, refer to 3-7
Selection of Write Modes.

Memory Status

Data select code [16]

23

X

X

X

1: Execute RAM data all save
(See Note)

Note The BUSY signal will be delayed after this command is executed because
data transfer will take up to 0.5 s.

Mode Status
Data select code [17]

X

X

X

20

Memory Status

| I: 0: Backup mode
1: RAM write made

Data select code [36]

23

X

X

X

[ 0: RAM and non-volatile memory data coincide.

Mode Status
Data select code [37]

X

X

X

20

2. Error Code Error Code (1)
Data select code [38]

L 1: RAM and non-volatile memory data do not coincide.

|_[ 0: Backup mode
1: RAM write made

X

22

X

20

Error Code (2)
Data select code [39]

23

22

21

20

— A/D error

RAM data abnormality

|— Overflow
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Underflow
Input abnormality
Heater burnout detection (ESAF-AH_ only)
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3. Status

Status (1)

Data select code [3A]

28 | 22

21 | 20

|— Input shift input ON (See Note 1)
Alarm 1 output relay ON (See Note 2)

Alarm 2 output relay ON (See Note 2)

Auto-tuning being carried out

Note 1. The input shift bit of ESAF-AH_ will be 0.
2. Alarm output 1 bit of the ESAF-AH_ is the alarm bit. Alarm output 2 bit is
for the detection of an abnormal input and heater burnout.

Status (2)
Data select code [3B]
28| 22 ] x| 20
1 “0”
Temperature scale . . . ... %F %C
PID constant display . ... Yes No
Outputtype ............ Current Pulse
Status (3)
Data select code [3C]
X 22 21 20
I_ wp “Qr
Control mode* ......... ON/OFF PID with feed-forward circuitry
Output operation ....... Normal  Reversed
Input shift value display . Yes No

Alarm Model (1)
Data Select Code [3D]

For the ESAF-A , this code indicates the Model of alarm output 1. The re-
sponses are shown in response 0 to 9 of Alarm Model (1).

Response

Model

Description

Alarm

Nl W]IN] RO

©

No alarm

Upper/lower limit alarm

Upper limit alarm

Lower limit alarm

Upper/lower limit range alarm

Upper/lower limit alarm with stand-by sequence

Upper limit alarm with stand-by sequence

Lower limit alarm with stand-by sequence

Absolute value alarm

Proportional alarm

Alarm Model (2)
Data Select Code [3E]

For the ESAF-A , this code indicates the Model of alarm output 2. The re-
sponses are shown in response 0 to 8 of Alarm Model (1).
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Input Type
Data select code [3F]
With this data select code, the following table is applicable.

Response Model
0 R
1 S
2 K
3 J
4 T
5
6 JPt100
7 Pt100
8 L
9 U

4-6  Timing Chart

The following charts show the timing of the signals when reading or writing
data.

4-6-1 Writing

DSL1, 100 set 20 ms min.
0) I—*

VAL DSL2, 10! set DSL3, 102 set DSL4, 103 set
4\ @D 3) (5)
(A (Al Am AV
10°data [ (g) 10+ data | (g) | 10°data| (B) 10° data

BUSY _wite | ’_wme_ ’_wme_ ’_wme_

©)l / ©n / ©m / v
DSL DSL DSL DSL DSL
1t06 | 1 n v

) / o) / oy /

WD WD X WD X WD X wD
1t0 4 >< I 1l In v

DSL: Data select
code
WD: Write data

1) (A1, A, (AII...... 40 to 60 ms
2) AV 40 to 90 ms
(When four-digit write data is all ready)
<) I (=) VTP MIN. 30 ms
4) (O, (O, (ol...... MAX. 90 ms
5 OV MAX. 120 ms

48



E5AF-A20: Application Example #1

Section 4-7

4-6-2 Reading
DSL1 set 20 ms min.
©) L= 5
VAL 100 read 10! read 102 read 103 read
\DSLZ set  DSL3set DSL4 set \
ANO 0 @ e @e e oy @
BUSY / ® ® ®)
\ ©l 7‘ \ ©l f \ ©m 4 \ OV 4
1DtSoL6 X \ DSL DSL DSL DSL \
(] o o
/A AV A X, Y, \
RO N ° X » X % X % /
DSL: Data select
code
RD: Read data
1) (A, (AN, (AL, (A)IV...... 30 to 50 ms
2) (B)viieiiieieii e MIN. 30 ms
3) (O, (O, (O, (C)IV...... MAX. 80 ms
Note If the scanning speed of the PC is too slow to read the low level BUSY signal
(part (A) of the above timing chart), change the DSL setting as follows:
(D)1 > (O, or, (D)II > (O)II, (D)1 > (C)IN
4-7 ES5AF-A20: Application Example #1
The following example describes the 1/0 configuration and programming re-
quired to send set values and process values between the ESAF-A20 and
the C1000H SYSMAC C-series PC.
4-7-1 1/O Configuration

The following illustration and table show the system configuration and 1/0
allocations used in this example. Signal direction designations are from the
view of the E5AF; 1/0O allocations and PC Unit designations are from the view

of the PC.

Input Units

Output Units
IR 001

IR002
IR 003
IR 004 l
!

IR 000

C1000H SYSMAC
C-series PC

Display

ESAF

\— Control
inputs

Thumbwheel
switches
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IR 00000 Turned ON to output set value via IR 004 to display
IR 00001 Turned ON to write set value input from IR 001 to ESAF
IR 001 Inputs set value from four thumbwheel switches
IR 002 Inputs data from E5AF to PC
IR 003 Outputs data from PC to EBAF
IR 004 Outputs set value to 4-digit segment display
Terminal no. Signal name Signal Description I/0 allocation
direction
1 DSL1 Input Data select code 20 IR 00704 on Output Unit
2 DSL2 Input Data select code 21 IR 00705 on Output Unit
3 DSL3 Input Data select code 22 IR 00706 on Output Unit
4 DSL4 Input Data select code 23 IR 00707 on Output Unit
5 DSL5 Input Data select code 24 IR 00708 on Output Unit
6 DSL6 Input Data select code 2° IR 00709 on Output Unit
7 _— _— — _—
8 wD1 Input Write data 20 IR 00700 on Output Unit
9 wD2 Input Write data 21 IR 00701 on Output Unit
10 wD3 Input Write data 22 IR 00702 on Output Unit
11 wD4 Input Write data 23 IR 00703 on Output Unit
12 VAL Input Effective signal IR 00704 on Output Unit
13 GND ——— Output side power supply 0 V ———
14 RD1 Output Read data 20 IR 00900 on Input Unit
15 RD2 Output Read data 21 IR 00901 on Input Unit
16 RD3 Output Read data 22 IR 00902 on Input Unit
17 RD4 Output Read data 23 IR 00903 on Input Unit
18 BUSY Output Busy signal IR 00904 on Input Unit
19 -— -— —_— -—
20 -— -— —_— -—
21 -— -— —_— -—
22 -— -— —_— -—
23 24 VDC —-— Output side power supply 24 VDC | ——
24 24 VDC —-— Output side power supply 24 VDC | ——-
25 GND —-— Output side power supply 24 VDC | ——
4-7-2 Program 1: Read Program

In the following program, a single shift register is used to control data move-
ment of both data select codes and read data. A total of nine scans will be
required to move all eight units of data from the ES5AF (4 data select codes
and 4 digits of read data). The data read into the PC is stored in the DM area
and output to the display from there. Data select codes (DSL) are stored in
DM 0000 to DM 0003. Data is output to the display via IR 004.
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00000
—} : DIFU(13) 03300 I
03300 00312
) | [y
— | vd MOV(21)
#0001
040
03300 04008
4 1 %
—| f w4 00312
00312
00204

]

: DIFU(13) 03200 I

25314

: DIFD(14) 03201 I

+—i

03200

SFT(10)

+—i

03201

25314

040
R 049

i

Continues on the next page.

Activates read operation.

Turns ON bit 1 of word that
will be used as shift regis-
ter.

Controls VAL signal

IR 03200 is ON for
1 scan to indicate
rising edge of
BUSY signal

IR 03201 is ON for
1 scan to indicate
falling edge of
BUSY signal

Used to control
data movement se-
quence
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4-7-3
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04000
— MOVD(83)
DM 0000
Moves DSL1 to output word.
#0110
003
04001
} MOVD(83)
DM 0001
Moves DSL2 to output word.
#0110
003
04002
} MOVD(83)
002 Moves 100 read data to DM
#0000 area from input word.
DM 0010
04003
f MOVD(83)
DM 0002 Moves DSL3 to output word.
#0110
003
04004
} MOVD(83)
002 Moves 101 read data to DM
#0100 area from input word.
DM 0010
04005
} MOVD(83)
DM 0003
Move DSL4 to output word.
#0110
003
04006
: MOVD(83)
002
Moves 102 read data to DM
#0200 area from input word.
DM 0010
04008
f MOVD(83)
002 Moves 103 read data to DM
#0300 area from input word.
DM 0010
25313
f MOV(21)
DM 0010 Moves set value stored in DM area
to output word for display
004

: END(01) I

Program 2: Write Program

In the following program, a single shift register is used to control data move-
ment of both data select codes and write data. A total of six scans will be re-
quired to move all eight units of data to the ESAF. The data written to the
E5AF is taken from DM 0030, which contains the value input from the thumb-
wheel switches via IR 001 in the last MOVE instruction. The data select
codes (DSL) are stored in DM 0020 to DM 0023.
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00001
L
_| T : DIFU(13) 03400 I Activates write operation.
03400 00312
—| : }f MOV(21) Turns ON bit 1 of word that
will be used as shift regis-
#0001 ter.
040
03400 04008
L L
9 I pdl 00312 Controls VAL signal
00312
00204 IR 04200 is ON for
1 1 scan to indicate
I : DIFU(13) 04200 I rising edge of
BUSY signal
IR 04201 is ON for
: DIFD(14) 04201 I 1scanto indicate
falling edge of
25314 BUSY signal
¢ | |
|
04200 SFT(10) Used to control
1 P data movement se-
9 T 040 quence
04201 R 049
25314
4 |
|
04000
! f MOVD(83)
DM 0030 Moves write data 100 to output word.
#0000
003
MOVD(83)
DM 0020
Moves DSL1 to output word.
#0110
003
04001
[ } MOVD(83)
DM 0030 Moves write data 101 to output word.
#0001
003
MOVD(83)
DM 0021 Moves DSL2 to output word.
#0110
003
04003
1 I MOVD(83)
DM 0030 )
Moves write data 102 to output word.
#0002
003
MOVD(83)
DM 0022 Moves DSL3 to output word.
#0110
003
Continues on the next page.
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04005

i

MOVD(83)

DM 0030

#0003

003

25313

MOVD(83)

DM 0023

#0110

003

MOV(21)

001

DM 0030

: END(01) I

Moves write data 103 to output word.

Moves DSL4 to output word.

Moves value set on thumb-wheel
switches from IR 001 to DM 0030.

4-7-4  Program 3: Combination of Program 1 and Program 2

Continues on the next page.
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ntlp
00000 00001
] [y
| v 4 : DIFU(13) 03300 I
Read SW
00001 00000
4 ] [y
—i} 4 : DIFU(13) 03400 I
Write SW '
03300 00312
4 | [y
—i} 4 MOV(21)
03400 #0001
— 035
03300 03508
4 | [y
—|I 4 03301
03301
03400 03508
4 1 9%
—|I + 03401
03401
03301
—“ 00312
03401

The following program combines both read and write operations using a sig-
nal shift register to control data movements for both

Activates read operation.

Activates write operation.

Turns ON bit 1 of word that
will be used as shift regis-
ter.

Controls interlock for read operation.

Controls interlock for write operation.

Controls VAL signal.
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00204
+—1 : DIFU(13) 03200 I
: DIFD(14) 03201 I
25314
y ] !
I
03200 SFT(10)
\ P
1 I 040
03201 R 049
25314
p |
|
03301
[ : IIL(OZ) I
03500
! f MOVD(83)
DM 0000
#0110
003
03501
! f MOVD(83)
DM 0001
#0110
003
03502
- f MOVD(83)
002
#0000
DM 0010
03503
! f MOVD(83)
DM 0002
#0110
003
03504
! f MOVD(83)
002
#0100
DM 0010
03505
1 I MOVD(83)
DM 0003
#0110
003
03506
|
( | MOVD(83)
002
#0200
DM 0010
03508
- } MOVD(83)
002
#0300
DM 0010
: ILC(03) I
Continues on the next page.

IR 03200 is ON for 1 scan
to indicate rising edge of
BUSY signal

IR 03201 is ON for 1 scan
to indicate falling edge of
BUSY signal

Used to control data move-
ment sequence of both read
and write operations

Interlocks read operation

Moves DSL1 to output word.

Moves DSL2 to output word.

Moves read data 100 to DM area.

Moves DSL3 to output word.

Moves read data 101 to DM area.

Moves DSL4 to output word.

Moves read data 102 to DM area.

Moves read data 108 to DM area.
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03401

—t

03500

: 1L(02) I

—i

03501
L

MOVD(83)

DM 0030

#0000

003

MOVD(83)
DM 0020

#0110

003

03503

MOVD(83)
DM 0030

#0001

003

MOVD(83)
DM 0021

#0110

003

03505
|

MOVD(83)
DM 0030

#0002

003

MOVD(83)
DM 0022

#0110

003

MOVD(83)
DM 0030

#0003

003

MOVD(83)

DM 0023

#0110

003

25313
L

: ILC(03) I

MOV(21)

DM 0010

004

MOV(21)

001

DM 0030

: END(01) I

Interlocks write operation.

Moves write data 100 to output word.

Moves DSL1 to output word.

Moves write data 101 to output word.

Moves DSL2 to output word.

Moves write data 102 to output word.

Moves DSL3 to output word.

Moves write data 103 to output word.

Moves DSL4 to output data.

Moves read data stored in DM 0010 to
output word for the display.

Moves data input from thumb-wheel
switches to DM area for writing to
E5AF.
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4-8 ESAF-A20: Application Example #2

The following example describes the connections and programming required
to transfer set values and process values between the ESAF-A20 and the

PC.

4-8-1 Hardware Configuration

E5AF-A20

PC

(DM 0505: read

LU

IR 005 output
to display

Heater

IR 003: Read data from E5AF to PC

IR 004: Write data from PC to E5AF

7-segment display

data from E5AF)

IR 000 input

R N R i
P ’:. b 1 Display for data read from the ESAF

]

data for ESAF)

Read/write control switchy/
(IR 00208)

(DM 0501: write from switches Thumbwheel switches to
El 0 input set value for ESAF

O

ov

o

oo

VAL control switch
(IR 00215)

oo

Program Operation

1,2 3.

Execution control switch (IR 00200)

The program provided in this section operates as follows:

1.

2.

When the VAL control switch is ON, the ESAF-A20 is ready to process
communications.

When the read/write control switch is ON, data will be written to the
ES5AF-A20. When this control switch is OFF, data will be read from the
ESAF-A20.

Select codes 04 through 07 (set value 1) are used to write data and se-
lect codes 20 through 23 are used to read data (the process value).
Each time the DSL (data select code) switch is turned ON, the ES5AF-
A20 increments the select code and read/writes one digit (of the 4 dig-
its).

Read data is displayed on a 7-segment display and write data is input
via thumbwheel switches.
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4-8-2 PC Program Example

BUSY signal

00311 N
—| : 03200
00311 Indicate BUSY signal status
+—it : DIFU(13) 03201 I
-
00311
W MOVB(82)
002 Transfers VAL signal status
#1215
Execution control switch 004
00200
y 1 CP N
| I CNT 001
03414 Differentiated bit for VAL signal ON R #0001
03405
y I 1
|
00311
__l L CP
! CNT 002 Counters that count ON transitions in
R #0001 the BUSY signal. These counters are
03405 used to control data movement
_| : instructions indirectly through
DIFU(13) instructions
All of these counters are reset
00311 through IR 03405, which is turned
) | cP ON by the Completion Flag for CNT
I | CNT 003 009, below.
R #0002
03405
1
+—i
00311
— cp
! CNT 004
R #0003 |/
03405
& | 1
|
00311
y 1 CP i
| I CNT 009 Indirectly resets CNT 001 through CNT 004
- #0004 through IR 03405
Differentiated bit for CNT 008
03409
4 | 1
|
03413
Differentiated bit for VAL signal OFF

Continues on the next page.
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CNT 001

.l

CNT 002

: DIFU(13) 03303 I

i

CNT 003

I DIFU(13) 03304 I

—1

CNT 004

: DIFU(13) 03305 I

.l

CNT 009

: DIFU(13) 03306 I

i

Differentiated bit for VAL signal OFF
03413

: DIFU(13) 03300 I

i
| -

VAL signal input
00215 9 P

03405

+—i

I DIFD(14) 03413 I

00208 03303

: DIFU(13) 03414 I

+——H

From
CNT 001

MOVD(83)

DM 0501

#0000

004

00208 03304

MOVD(83)

DM 0502

#0110

004

—t—

From
CNT 002

MOVD(83)

DM 0501

#0001

004

00208 03305

MOVD(83)

DM 0502

#0112

004

i

From
CNT 003

MOVD(83)

DM 0501

#0002

004

Continues on the next page.

MOVD(83)

DM 0503

#0110

004

N

Produce differentiated bits from Completion
Flags for CNT 001 through CNT 004 and
CNT 0009.

Resets CNT 001 through CNT 004

Produces differentiated bits for VAL signal
ON and OFF transitions

1st write digit

DSL1
The differentiated bits pro-
duced off CNT 001 through
CNTO004 are used together
with the ON status of the
2nd write digit | Read/write control input (IR

00208) to sequentially move
the write data to the output
word for ESAF.

The write data in DM 0501
DSL2 was moved there from

IR 000, the input word from
the thumbwheel switches.

IR 03404 (next page) is used
to indicate that all four digits

3rd write digit | have been written.

DSL3
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00208 03306
1 1} MOVD(83)
From DM 0501
CNT 004
#0003
004
MOVD(83)
DM 0503
#0112
004
03404
Always ON FI
6113 VS ag
H MOV(21)
000
DM 0501
00208
H MOV(21)
#0504
DM 0502
MOV(21)
#0706
DM 0503
00208 03303
W H MOVD(83)
From DM 0502
CNT 001
#0110
004
00208 03304
W H MOVD(83)
From DM 0502
CNT 002
#0112
004
00208 03305
W H MOVD(83)
From DM 0503
CNT 003
#0110
004
00208 03306
W H MOVD(83)
From DM 0503
CNT 004
#0112
004
00208
W MOV(21)
#2120
DM 0502
MOV(21)
#2322
DM 0503

Continues on the next page.

4th write digit

DSL4

7

See description on pre-
vious page.

Moves set value input via thumbwheel
switches (IR 000) to DM 0501

DSL1 and DSL2 ™

DSL3 and DSL4

-

N
DSL (for 1st digit)

DSL (for 2nd digit)

DSL (for 3rd digit)

DSL (for 4th digit)

reading data.

Store the data select
codes (DSL) for writing
data.

Move the data select
codes for reading to the
output word for the
E5AF.

These instructions are
also activated indirectly
from CNT 001 through
CNT 004, but this time
the read/write control in-
put signal (on IR 00208)
is OFF.

Store the data select codes (DSL) for
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03406
H MOVD(83)
From CNT 005 003
#0003
DM 0505
03407
H MOVD(83)
From CNT 006 003
#0103
DM 0505
03408
H MOVD(83)
From CNT 007 003
#0203
DM 0505
03409 00208
1l (P4
1 4 MOVD(83)
From CNT 008 003
#0303
DM 0505
03402
Always ON Flag
06113
H SDEC(78)
DM 0505
#0030
DM 0506
06113
H MVN(22)
DM 0506
005
06113
H MVN(22)
DM 0507
006
00311
1l
I 00313
00412
1l
I 00315
: END(01) I

N

1st read digit

2nd read digit

The differentiated bits
produced off CNT 005
through CNT 008 are
used to sequentially
move the read data from
the input word for ESAF
to storage words in the
DM area.

3rd read digit

IR 03402 is used to indi-
cate that all four digits
have been read.

4th read digit

Converts read data into 7-segment
display code

Outputs first two digits to 7-segment dis-
play

Outputs last two digits to 7-segment dis-
play

Output bit for BUSY indicator

Output bit for VAL indicator
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4-8-3 1/O Allocations
I/O Bits The following I/O bits are used in the IR area of the PC to transfer signals
and data between control/display devices and the PC and between the PC
and the ESAF.
Bit IR 000 IR 002 IR 003 IR 004

(Input from thumbwheel switches)

(control inputs)

(Input from E5AF)

(Output to ESAF)

00
01
02
03

Write data 100 for ESAF

Execution control input

Not used.

04
05
06
07

Write data 10? for E5AF

Not used

08
09
10
11

Write data 102 for E5AF

Read/write control input

12
13
14
15

Write data 103 for ESAF

Not used.

Write data (set value
1) for EBAF

Data select output to
ES5AF

Not used.

BUSY signal input

Read data

from E5AF

VAL control input

(processes value)

VAL control value

Not used.

Bit

IR 005

IR 006

IR 007

00
01
02
03

04
05
06
07

Output of process value to segments
a through g of the 7-segment display
(1st digit)

Output of process value to segments
a through g of the 7-segment display
(3rd digit)

Not used.

Not used.

08
09
10
11

12
13
14
15

Output of process value to segments
a through g of the 7-segment display
(2nd digit)

Output of process value to segments
a through g of the 7-segment display
(4th digit)

Not used.

Output to BUSY indicator

Not used

Not used.

Not used.

Output to VAL indicator
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Counters The various data transfers in the program are timed using nine counters, as
shown in the following table. The Completion Flags for these counters are
programmed through operand bits of DIFU(13) (called differentiated bits) to
activate actual data transfers.

Program No. Set value Differentiated Application
address bit

Not used. CNT 000 Not used. Not used. Not used.

00146 CNT 001 #001 IR 03303 1st digit of write data

00150 CNT 002 #001 IR 03304 2nd digit of write data

00154 CNT 003 #002 IR 03305 3rd digit of write data

00158 CNT 004 #003 IR 03306 4th digit of write data

00292 CNT 005 #001 IR 03406 1st digit of read data

00296 CNT 006 #002 IR 03407 2nd digit of read data

00300 CNT 007 #003 IR 03508 3rd digit of read data

00304 CNT 008 #004 IR 03409 4th digit of read data

00164 CNT 009 #004 IR 03300 Completion of all 4 digits of write data (indirectly

resets CNT 001 through CNT 004)

Work Bits The following bits are used within the program to control execution.

Bit IR 032 IR 033 IR 034

00 |Bitindicating BUSY signal ON Differentiated bit for CNT 009 Not used.

Completion Flag
01 | Differentiated bit for BUSY signal | Not used.
ON
02 | Differentiated bit for BUSY signal Bit indicating 4 digits read
OFF
03 | Not used. Differentiated bit for CNT 001 Reset bit for CNT 005 to CNT 008
Completion Flag
04 Differentiated bit for CNT 002 Bit indicating 4 digits written
Completion Flag
05 Differentiated bit for CNT 003 Reset bit for CNT 001 to CNT 004
Completion Flag
06 Differentiated bit for CNT 004 Differentiated bit for CNT 005
Completion Flag Completion Flag
07 Not used. Differentiated bit for CNT 006
Completion Flag
08 Differentiated bit for CNT 007
Completion Flag
09 Differentiated bit for CNT 008
Completion Flag

10 Not used.

11

12

13 Differentiated bit indicating VAL

signal OFF

14 Differentiated bit indicating VAL

signal ON

15 Not used.
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4-8-4  Counter Operation Timing Chart

64

OFF

The following illustrates the counter sequence and timing.

BUSY

@)

@ (©)

4)

ON

CNT 001

CNT 002

CNT 003

CNT 004

CNT 009

CNT 008




SECTION 5
Transmission Output Models

This section provides the basic elements relating to the connections and the settings of the Transmission Output Models.

5-1 Connection of Output Connector . . .
5-1-1 Connection Example ... ..
5-1-2 Terminals ..............
5-1-3 Connection .............

5-2  Settings Before Switching Power On

68
68
68
68
69

65



Connection of Output Connector Section 5-1

5-1 Connection of Output Connector

5-1-1 Connection Example

Process temperature or process value opening that are output by the ESAF
Transmission Output Models is in a range of 4 to 20 mA. This enables
smooth valve control and the output can be easily recorded by inputting it to
an external recorder.

© |

] Process Temperature
= selected
-
Recorder
Output selected
Valve control
5-1-2 Terminals
G-———— e —— === 1
21
OJONOXONO)
O00Q 20
[ TR U 6
Connector Terminal
Signal name Terminal number
Connector connection Terminal connection
Transmission output 1,2, 3,4,and 5 are common |21
(positive)
Transmission output 6, 7, 8, and 9 are common 20
(negative)

Plug: XM4A-0921 (OMRON) or equivalent one.
Hood: XM2S-0911 (OMRON) or equivalent one.

5-1-3 Connection

ESAF 1(2, 3, 4,5common)  External unit

(Connector Model)
21 (Terminal Model)
20 (Terminal Model)

C PR

—

6 (7, 8,9 com-
p 4 mon)
F (Connector Model) Recorder
Output: 4 to 20 mA DC with a load resistance of 600W max.
Output contents: Process temperature/output value or process value

opening (selected by internal switch)
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Resolution when outputting process temperature:
Approx. 1/3,200 resolution or 0.1%C/%F, whichever is larger.
When outputting output value:  0.1% (1% in manual operation)

Output updating time: 500 ms

Normal-reverse switching function; Yes

Note The output specifications of the ESAF Transmission Output Models and

those of the E5AX Transmission Output Models are identical.

5-2 Settings Before Switching Power On

Set all switches as described here before switching on power to the Fuzzy
Temperature Controller. For mounting or removing the Output Unit or setting
each function switch, refer to 3-2 Before Applying Power. However, no termi-
nator designation is necessary.

With the EBAF-AF Transmission Output Models, the contents of its output
can be set.

Selection of Output Data

Transmission output selector switch
(SW207)

Transmission Output Selector (SW207)

g1 2
Items Selector position
1 2
Output contents Output value ON -
Process temperature OFF
Operation Reverse output - ON
Normal output —_— OFF
Settings before shipment OFF OFF
Note 1. Process temperature
20 mA 20 mA
) )
) )
) )
4 mA ' 4 mA ]
SL-L 5. -H Process S5L-L SL- Process
(CntH) (ZnH)  temperature (CnH) (ZnH temperature

Normal output

Reverse output
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2. Control Output

20 mA 20 mA

4 mA 4 mA

0% 100%  Output 0% 100%  Output
Normal output Reverse output
Output Data vs. Output Current
Output value Process temperature Output amount
Normal Reverse Normal Reverse
20 mA to 4 mA |sl-hto sl-1 sl-1 to sl-h 100.0 t0 0.0% | 0.0 to 100.0%

Note 1. The upper limit of the set value is expressed by sl-h and the lower limit of
it is expressed by sl-I.
2. In the case of A/D error, memory error, or abnormal input, 1 mA (safety
side) is output in the same manner as the Electrical Current Output Unit.

3. If the process temperature exceeds either edge of the set limit, the trans-
feroutput will rither be 4 mA or 20 mA.




Appendix A
ASCII List
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Appendix B
List of Optional Accessories

Link Adapters

3G2A9-AL001

Three RS-422 connectors for RS-422 line distribution.

3G2A9-AL004-E

RS-422.

Connectors

XM4A-0921, XM4A-2521 (Plug)

D-sub connectors. Use in combination with XM2S.

XM2S-0911, XM2S-2511 (Hood)
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Optical Link Adapter

Z3RN

To extend RS-232C line.

Recorder

E55A-A6_C, E55A-B__ C (4 to 20 mA input)

In conjunction with ESAF-_F, the process temperature can be recorded.
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A

accessories, optional, 73, 74
ASCII list, 71

auto-tuning
start, 33
command format, 33
response format, 34
stop, 34
command format, 34
response format, 34

B

blocks, 22
command, 22
frame check sequence, 22
response, 22

C

carrier detect signal, 13, 21
CD signal, 13, 21

communications, 21

BCD

error, 44

important notes on programming, 44
connectors, BCD, 42
control procedures, 21
operation example, 40
program example, 37
RS-232C specifications, 21
RS-422 specifications, 21
RS-485 specifications, 21
time, 36

connection, ESAF-A20 and PC, 42
connections, output connector, 68

connectors, 6
BCD, 42
BCD type, 43
connecting, 9

Index

D

data select code
BCD, 45
error code, 46
explanation, 46
memory status, 46
mode status, 46
status, 47
alarm type, 47
sensor type, 48

Data Terminal Equipment, 13
Definition of Terminal, 21

display
process value (PV), 2
set value (SV), 2

display levels, 20
DTE, 13,21

E

ESAF-A20
counter operation timing chart, 65
exclusive read programs, 51, 55
exclusive write programs, 53
hardware configuration, 58
1/0 allocation, 49
I/O relay list, 63
PC program example, 59
timer and counter list, 64

end code
error criteria, 35
list, 35
order of priority, 35

error, undefined, 34

error control, 21, 22
block check, 22
character check, 22

F

FCS, 22

frame check sequence, 22
front cover, 2

front panel, 2

fuzzy scale 1
reading, 27
writing, 27

fuzzy scale 2
reading, 27
writing, 27

73



Index

fuzzy strength
reading, 27
writing, 27

H

header codes, 24

heater current value, read, 30
command format, 30, 31

I

indicator
alarm output (ALM1), 2
alarm output 2 (ALM2), 2
auto-tuning, 2
output (OUT), 2
remote, 2
shift, 2

initial status, read, 31
alarm mode, 32
command format, 31
response format, 31

interface specifications, 12
RS-232C, 12
RS-422,13
RS-485, 16

K

keys
Auto-tuning Key, 2
Down Key, 2
Level Key, 2
Mode Key, 2
operation, 20
Remote Key, 2
Up Key, 2

L

local mode, 2

M

models, Heater Burnout Detection, 3

modes, alarm output, 32

N

non-volatile memory, 25

74

O

opening, ESAF, 18

operations, BCD, front key section, 44

output connector, 68
connection, 68
connection example, 68
terminals, 68

Output Unit
mounting, 18
removing, 18

P

power, settings, 69
power application, BCD, setting, 44
precautions, 23

process temperature
RAM data abnormality, 30
reading, 29
command format, 29
response format, 29

R

RAM data abnormality, 30

RAM data all save, 26
command format, 26
response format, 26

remote mode, 2

remote/local mode selection, 26
command format, 26
response format, 27

RS-232C
communications signals, 12
connections, 12

RS-422
communications signals, 13
connections, 14
system examples, 15

RS-485
communications signals, 16
connections, 17

S

set limit values, reading, 28
command format, 28
response format, 28

set values
reading, 27
command format, 28
response format, 28
writing, 27
command format, 27
response format, 27
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settings
baud rate, 20
output data vs. output current, 70
selection of output data, 69
transmission output selector (SW207), 69
unit number, 20

switches
function, 18
terminator designation, 19

T

terminal, 6
terminals, BCD type, 43
timing chart

reading, 49

writing, 48

W

write modes
backup mode, 25
command format, 26
RAM write mode, 25
response format, 26
selection, 25
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