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Warning Symbol A

This symbol calls attention to an operating procedure or practice,
which if not correctly performed, could result in personal injury or
damage to or destruction of part or all of the product and system.
Do not proceed beyond a warning symbol until the indicated con-
ditions are fully understood and met.
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Chapter 1 Overview

1-1 General

The Fuzzy Logic plus PID microprocessor-based controllers
series incorporate two bright, easy to read 4-digit LED displays,
indicating process value and set point value. The Fuzzy Logic
technology enables a process to reach a predetermined set point
in the shortest time, with a minimum of overshoot during power-
up or external load disturbance.

The unit is powered by 11-26 or 90-250 VDC/VAC supply,
incorporating a 2 Amp control relay output as standard. The sec-
ond output can be used as a cooling control, or an alarm. Both
outputs can select triac, 5V logic output, linear current or linear
voltage to drive an external device. There are six types of alarms
plus a dwell timer that can be configured for the third output. The
units are fully programmable for PT100 RTD and thermocouple
types J, K, T, E, B, R, S, N, and L with no need to modify the
unit. The input signal is digitized by using an 18-bit A to D con-
verter. Its fast sampling rate allows the unit to control fast
processes.

Digital communications RS-485 or RS-232 are available as an
additional option. These options allow the units to be integrated

A programming port is available for automatic configuration,
calibration, and testing without the need to access the keys on the
front panel.

By using proprietary Fuzzy modified PID technology, the con-
trol loop will minimize overshoot and undershoot the shortest
time. The following diagram is a comparison of results with and
without Fuzzy technology.

PID control with properly tuned PID parameters ————-
PID + Fuzzy control
Temperature
A
Set

point 1

Load Disturbance

i Warm Up

» Time

with supervisory control systems and software.

High accuracy

The TBC series controllers are manufac-
tured with custom designed ASIC
(Application Specific Integrated Circuit)
technology which contain an 18-bit A to
D converter for high resolution measure-
ment (true 0.1°F resolution for thermo-
couple and RTD) and a 15-bit D to A con-
verter for linear current or voltage control
output. The ASIC technology provides
improved operating performance, low
cost, enhanced reliability, and higher den-
sity.

Fast sampling rate

The sampling rate of the input A to D
converter is 5 samples/second. The fast
sampling rate allows this series to control
fast processes.

Fuzzy control

The function of Fuzzy control is to adjust
the PID parameters continually in order
to make manipulation of the output value
more flexible and adaptive to various
processes. The result is to enable a
process to reach a predetermined set
point in the shortest time, with the mini-
mum of overshoot and undershoot during
power-up or external load disturbance.

Figure 1-1 Fuzzy Control Advantage

Digital communication

An optional RS-485 or RS-232 interface
card provides digital communication. By
using twisted pair wires there are a maxi-
mum of 247 units that can be connected
together via RS-485 interface to a host
computer.

Programming port

A programming port is available to con-
nect the controller to a PC for quick con-
figuration.

Auto-tune

The auto-tune function allows the user to
simplify initial setup for a new system.
An algorithm is provided to obtain an
optimal set of control parameters for the
process. It can be applied either as the
process is warming up (cold start) or if
the process has been in a steady state
(warm start).

Lockout protection

Depending on security requirements, one
of four lockout levels can be selected to
prevent the unit from being changed
without permission.

Bumpless transfer

Bumpless transfer allows the controller to
continue to control if the sensor breaks by
using its previous value as the sensor
breaks. Hence, the process can be con-
trolled temporarily as if the sensor is nor-
mal.

Soft-start ramp

The ramping function is performed dur-
ing power up as well as set point changes.
It can be ramping up or ramping down.
The process value will reach the set point
at a predetermined constant rate.

Digital filter

A first order low pass filter with a pro-
grammable time constant is used to
improve the stability of the process value.
This is particularly useful in certain
applications where the process value is
too unstable to be read.

SEL function

The units have the flexibility to allow the
user to select those parameters which are
most significant and put these parameters
in the front of the display sequence.
There are eight parameters which can be
selected to allow the user to build their
own display sequence.



1-2 Ordering Code

TBC-4- [J OO OO

Power Input
4 = 90-250 VAC (47-63 Hz)
5 = 11-26 VAC/VDC

Signal Input
1 = Thermocouple: J (default), K.,T.E.B,R,S.N,L

RTD: PT100 DIN

2 = 0-60mV

3 = 0-1VDC

4 = 0-5VDC

5 = 1-5VDC

6 = 4-20 mA

7 = 0-20 mA

8 = 0-10 VDC

9 = Other

Output 1

1 = Relay: 2A /240 VAC

2 = Pulse dc for SSR drive: 5 VDC (30 mA max)
Isolated, 4-20 mA (default), 0-20 mA
Isolated, VDC, 1-5 (default), 0-5

Isolated, VDC, 0-10

Triac-SSR output 1A /240 VAC

3
4
5
6
C = Pulse dc for SSR drive: 14 VDC (40 mA max)

Accessories

TEC-101-109 = Isolated 1A / 240VAC Triac Output Module
(SSR)

TEC-101-110 = 14V / 40mA SSR Drive Module

TEC-101-101 = Isolated 4 - 20 mA / 0 - 20 mA Analog Output
Module

TEC-101-114 = Isolated 1 - 5V / 0 - 5V Analog Output Module

TEC-101-115 = Isolated 0 -10V Analog Output Module

TEC-102-101 = Isolated RS-485 Interface Module

TEC-102-103 = Isolated RS-232 Interface Module

TEC-102-104 = Isolated 4 - 20 mA / 0 - 20 mA Retrans Module

TEC-102-105 = Isolated 1 - 5V / 0 - 5V Retrans Module

TEC-102-106 = Isolated 0-10V Retrans Module

TEC-101-111 = Isolated 20V/25mA DC Output Power Supply

TEC-101-112 = Isolated 12V/40mA DC Output Power Supply

TEC-101-113 = Isolated 5V/80mA DC Output Power Supply

TEC99014 = RS-232 Interface Cable (2M)

Related Products

TEC99001= Smart Network Adaptor for third party software,
which converts 255 channels of RS-485 or RS-422
to RS-232 Network.

TEC99003 = Smart Network Adapter for programming port to
RS-232 interface

TEMPCO-Set = Free Configuration Software Communicator: PC
software to communicate 1024 tags available
on Tempco web site (www.tempco.com) in
Technical Data Section.

| L

Display Board and Cable

0
3

None

With Display Board and 12" (300 mm) Cable (default)
Consult Tempco for other cable lengths.

Communication

0
1
2
3
4
5
9
Al

None

RS-485 Interface

RS-232 Interface

Retransmission 4-20 mA (default), 0-20 mA
Retransmission 1-5 VDC (default), 0-5 VDC
Retransmission 0-10 VDC

Other

arm

0 = None
1 = Relay: 2A /240 VAC, Form C

Relay: 2A /240 VAC Form A

Pulse dc for SSR drive: 5 VDC (30 mA max)
Isolated, 4-20 mA (default), 0-20 mA

Isolated VDC, 1-5 (default), 0-5

Isolated VDC, 0-10

Triac-SSR output 1A / 240 VAC

Isolated 24V @ 25 mA DC, Output Power Supply
Isolated 12V @ 40 mA DC, Output Power Supply
Isolated 5V @ 80 mA DC, Output Power Supply
Pulse dc for SSR drive: 14 VDC (40 mA max)

1-3 Programming Port

© | v ©)
sz 2 |0 P
2 |% 118
o1 |+
wal
o1 |4 3
ST j%m
1 . 43 &
§ > ﬁ Pin 1 2 |2
3 1 |82

Programming Port

Figure 1.2
Programming Port Overview

A special connector can be used to access
the programming port which is connected to
a smart network adaptor TEC99003 and a
PC for automatic configuration.

The programming port is used for off-line
automatic setup and testing procedures
only. Don't attempt to make any connection
to these pins when the unit is powered on.

2



1-4 Keys and Displays

KEYPAD OPERATION

SCROLL KEY:

This key is used to select a parameter to be viewed
or adjusted.

UP KEY: (1]

This key is used to increase the value of the selected
parameter.

DOWN KEY: [¥]
This key is used to decrease the value of the
selected parameter.

RESET KEY: [R]
This key is used to:
1. Revert the display to show the process value.

2. Reset the latching alarm, once the alarm condition is
removed.

3. Stop the manual control mode, auto-tuning mode, and
calibration mode.

4. Clear the message of communication error and auto-
tuning error.

5. Restart the dwell timer when the dwell timer has timed
out.

6. Enter the manual control menu if failure mode occurs.

ENTER KEY: Press [@] for 5 seconds or longer.
Press for 5 seconds to:

1. Enter setup menu. The display shows .

2. Enter manual control mode when is selected.
Press for 6.2 seconds to select manual control
mode.

3. Enter auto-tuning mode when is selected.
Press for 7.4 seconds to select auto-tuning mode.

4. Perform calibration to a selected parameter during the
calibration procedure. Press for 8.6 seconds to
select calibration mode.

__Upper Display, to display process value,
menu symbol and error code etc.

Output 1

Indicator —|™© °C

ﬁ)jztig:ttoei*o ,-’ ,-’ '-’ ’-’ 0= Proce5§ Unitallr;dicator
Alarm |~ ’—’o '—'- ’-’. l—'. OOF* (Gor®R

Indicator

Manual

Mode — O Lower Display,
Indicator - | todisplay set point value,
. parameter value or
Auto-tuning_} . control output value etc.
Indicator

4 Buttons for ease of

|Z| EI Ekf control setup and
set point adjustment

Figure 1.3 Front Panel Description

Table 1.1 Display Form of Characters

AlATETENI T, INTAlST5]X
BI&|F|FlJ|J]|O[a]|T|E]|Y|Y
CI|L|G[LIK[FP]IP|P|U|u]|Z
cle|H|H|L|L|Q VIiY?2[~
Dldlh|Ah|IM[A]|R]|-IW ==z

” Indicates Abstract Characters

Figure 1.4 Display of Initial Start-up



1-5 Menu Overview

User Setup Manual Auto-tuning Calibration
Menu Menu Mode Mode Mode
5 sec. 6.2 sec. 7.4 sec. 8.6 sec. 9.8 sec.
[ (E e [ (- AL
l l ¢_ j l Release l
2 *4 then press *3
o] adf ors seonds - 2000
¢ INPT ¢ UNIT l to start < RTDL
ClonT < op auto-tuning I Rron
BRC—0g ¢ No mode. T cio
Cps Cinm S
¢ T1 ¢ SP1L
g D g SP1H Press
for 5 seconds
C :DYSI; C ?:TLI_:_: to start Press for
C—rs manual control. 5secondsto
g T perform calibration.
¢ D
c OUT1
C glg Entering these modes will break the control loop
C o1AY and change some of the previously set data. Make
e sure that the system is able to accept these modes.
=g OFST
(C: RAMP
C oFL{JFT‘z *1: This flow chart shows a complete listing of
Croary all parameters. For actual application the
Croor number of available parameters depends
C O2HY on setup conditions and could be less than
g CYC2 that shown in the flow chart.
CPB
(C: DB *2:Youcanselectupto8parameterstobe
c ALFN placed in the user menu by using SEL1~SELS8
c ALMD located at the bottom of setup menu.
. ALHY
ALFT
C COMM *3: Release , press again for at least 2
¢ ADDR but no more than 3 seconds, then release
g BAUD to access the calibration menu.
¢ DATA
c PARI
c STOP
©C F;il_:l The user menu shown in the flow chart
) C—e3 correspondstothe default setting for
Cse2 SELECT parameters SEL1 to SEL8. SP3
QcC SEL3 will be hiddenif NONE is selected for
g SEL4 ALFN.SP2 willbe hidden ifthe alarm
a4 SEL5 functionisnotselected forOUT2. An
c SEL6 unused parameter will be hidden even if it
C SEL7 selected by the SEL parameters.
SEL8




1-6 Parameter Descriptions

Parameter| Parameter Description ipti
NoSt;tllon (Refer to Page:) Range I:)\ieerlaul:eIt Pﬁ{,?;"tﬁﬁ " Par?&?;?‘tg gﬁé’;))m" Range D\f;ﬁ,ﬂt
" |set point f t . . 25.0°C P | Proportional band ° °
SP1 P oroutput 1| Low: SP1L High: SP1H (77.0°F) PB |value Low: 0 High:(g%g'go% (1%?)%%
cp2 | Set point for output 2 Er i i : .
P2 |when output 2 per- | Low:-19999  High: 45536 | 10.0°C | ][] Integral time value _ |Low:0 _ High: 3600 sec | 100
forms alarm function (18.0°F) kg ivati i i
F3 ; ™D Derivative time value |Low: 0 High: 360.0 sec 25.0
Set point for alarm or | | o\: -19999 High: 45536 10.0°C . :
SP3  |dwell timer output : gn: (18.0°F) out! | 0)r£Yr: Rev;ersle (rlteating)
utput 1 functio control action
0) nonE : No parameters are locked outt P " 1)ds r & Direct (cooling) 0
Lolt tSelbect parameters 1) SEE: Setup data is locked control action
(o] lock :
LOCK e locked out 2) u5Er Szgpdgg%igg ¢ St 0 0) rEl 9. Relay output
point are IockecFI) " 25rd: gqlid sta}(te ;elay
rive outpu
3) ALL : All data is locked 2) 55r:solid statpe relay
0) J-tL:Jtype thermocouple y-20 output s
- -20. 4. ce
1) ¥-&L: K type thermocouple olEY | Output 1 signal type 9 "-E"':" +4-20 mA DC Note 1
2) E-EL: T type thermocouple oIy 2 0 'Z: 0-20mADC
[¥ Bl Begiy -
3) E_-tL: Etype thermocouple Z; 0-5v. 8 ;x BC
4) b_tL: B type thermocouple 7) :’-5:"': 1 : 5V Dg
5) f-h:: R type thermocouple 8) - "'5'; 0-10vDC
6) 5-tL: S type thermocouple Select BPLS (bumpless
7) n-tL: N type thermocouple o/t |Output 1 failure tcrgﬂtsam%ru?b%{ 11 %%r?t‘ﬁlto
I — 8) L-tL: L type thermocouple OIFT transfer mode function as the unit fails, or 0
nsor
" selection 9) PEdn:PT 100 ohms DIN curve 1 fsgg%rt\f)oFFFF(o) oo
INPT 10) Pt.J5:PT100 oh contel
45 ohms JIS curve | (0) oiHy |Output 1 ON-OFF .
11)9-20: 4-20 mA linear current olHY |hysteresis . Low: 0.1 High: 50.0°C 0.1°C
input only functional if PB=0 (90°F) (0.2°F)
12)8-28:0-2 i cILi
)8-20 inpu? mA linear current (fﬁb{,LCII Output 1 cycle time | Low: 0.1 High: 90.0 sec. N%?&
n_cn. . - F5E
13)0-560: ﬁ\_p?g mV linear millivolt SFST Offset value for P control | Low: 0 High: 100.0% 25.0
14)3’ 2 0-1V linear voltage input asp ?;TD”E: Uo ram.?/fu.nction
nocu ' : = Ramp f i A - Use unit/minute
15)'-" 5U- : 0-5V linear voltage input RAMP 5e|e§iounnc on as Ramp Rate 0
16) 1=5Y 1 1.5V linear voltage input 2 Hrr: Use unithour as
17)3' ‘G 0-10V linear voltage input r Ramp rat L 0 Aamp F;?th 0°C
or : RR ate ow: e ' 0.0
ik 0) & :Degree C unit High: (900.0°F)
UNIT |InPut unit selection | 1) PF : Degree F unit 1 0)nonk: |C:)utpu_t 2 No
2) T :Process unit dEH unction
) 2 ST Deviati i
0) na.dP: No decimal point owte | Output 2 function 3; dElo. Dez:at:g: ECI)?I:] See
oF Delcimal point 1) {-dP: 1 decimal digit 0 out2 6) 7= . Process High Note 1
DP |selection 2) 2-dP. 2 decimal digits 7) ‘f‘—"-"— 'f’~: Process Low
3) 3-dF. 3 decimal digits 8) - 27% : Cooling PID
o Function
Input low scale value 0) L Y:Rel
INLO | (Used with INPT Low: -19999  High: 45486  |-17.8°C r EL g3 Relay output
choices 11 to 17 only) (0°F) REST-E gqlid State relay
, rive output
A4, |Input high scale value : Soli
oy | (Used with INPT Low: INLO+50 High: 45536 | s TR T
choices 11 to 17 only) (200.0°F) octd i
! Output 2 signal type |3) y- 347: 4-20 mA DC See
5FIL |Low limit of set point . -17.8°C o2TY 49 0 g 0 Note
U Low: -19999  High: 45536 05 G-5:0-20mADC
lue : 5) n- 1u:0-1VDC
SPIH |High limit of set point ° 0-co
il e, PO/ Low: SPIL  High: 45536 | foo0eF 6) g-52:0-5VDC
SHIF . 200.0°C 4 ° D) i-5ui1-8VDO
- ~-200. . 200.0°C
Ship |PV shift (offset) value |Low: (360 geF) High: (360.0°F) 0.0 8 g-15:0-10vVDC
0) &:0second time constant tSeIect BPLS (bumpless
o ) ransfe .0- 9
1) f¢': 0.2 second time constant ocFE | Output 2 failure continurze%ruct)p%t ;?:?)-r?télto
2) 05: 0.5 second time constant O2FT | transfer mode fur|1<:ti08 as the unit fails, or 0
3) {21 second time constant S o '(0) NS
cir |Filter damping time 0 2 o n 5 : alarm function. See Note 2.
o constant of PV : 2 seconds time constant 2 o2HY va%%u\}v %ehny(s)th]etrests2 L 50.0°C 0.1°C
. 1 u : i : ’ .
5) 2 5 seconds time constant O2HY | performs alarm function ow: 0.1 High: (90.0°F) | (0.2°F)
6) 1{:10 seconds time constant LYC2 | output 2 cvele ti L See
u . H .
7) 20: 20 seconds time constant cye2 put2 cycletime |Low:0-1 High: 900 5€S. | Note t
8) 31 30 seconds time constant Note 1: Depends on Ordering Code
9) 55 60 seconds time constant Note 2: BPLS for Cooling Only




1-6 Parameter Descriptions, continued...

Pﬁcr)?;nti%tﬁr Parameter Description Range szflz::gt Pﬂ;&;g{?otrelr Parameter Description Range Dvegﬁjtgt
i i Data bit count HI ;
fPL | Cooling proportional . _— dAER 1 & 0) 1o : 7 data bits
EPB band value Low: 50 High: 300% 100 DATA of digital 8k E . ) 1
w I communication 1) : 8 data bits
eating-cooling U -
dh i ) 0) EYEn : Even parit
DB s:ﬁtét_)%r\}gr(lge?atlve Low: -36.0  High: 36.0% 0 PAr  |Parity bit of digital ) 0dd P . y 0
= P PARI |communication 1) : Odd parity
2) nonE . No parity bit
0) nonE : No alarm function .
- seop | Stop bit count 0) ‘bs £ : One stop bit
1) £ 7 - Dwell timer action of digital ) 0
2) dEH: . Deviation high alarm STOP | communication 1) Zbs £ : Two stop bits
dELa. s £l Retransmission low ) °
ALFn | Alarm function for 9 + Deviation low afarm See RFEI—?O scale value Low: -19999  High: 45536 (:?éOO"CI;:)
alarm output 4) dbHi : Deviation band out Note 1 ’
ALFN of band alarm — X
, rEH, Retransmission high 100.0°C
5) dbi o Deviation band in REHI scale value Low: -19999 High: 45536 (212.0°F)
band alarm '
PYH, . i
6) b Elraorcr::]ass value high 0) ronl: No parameter
puy selected
nr=to: slraci,%?ss value low 1) Ltoct:LOCK is put ahead
. - Normal 2) + nPE:INPT is put ahead
norn: Normal alarm action
, ) ' 3) wm E:UNIT is put ahead
AlAd | Alarm operation 1) L Ech : Latching alarm action 4P )
mode o\ Hol & Hold al i 0 4) : DP is put ahead
ALMD Lo
)’ olc alarm action 5 SHi F: SHIF is put ahead
3) L EHo : Latching & Hold .
action 6)  Pb:PBis put ahead
ALHY | Hysteresi trol 50.0°C 01°C 7) Er : Tlis put ahead 5
L ysteresis contro . i he 50.0° a° T )
ALHY | of alarm Low: 0.1 High: (90.0°F) 0.2°F) SEL %?Iiggzi:éﬁ:ameter 8) kd:TD s put ahead
SEL1 9 © HY . O1HY is put ahead
, 0) @7 :Alarm output ON as ryr . i
ALFE | Alarm failure transfer unit fails 0 10)£ 9L /- CYC1 is put ahead
ALFT | mode 1) oFF - Alarm output OFF as 11) of 5L OFST is put ahead
unit fails 12) 7~ :RRis put ahead
0) nonk: No communication 13) ocHY, O2HY is put ahead
mur
1) rku : Modbus RTU mode 14) L 9L g.cyczis put ahead
protocol 15) LPb.cPBis put ahead
2) 4-20 .4 E 20mA oot 16) db:DBis put ahead
Conn Ej?\r(;?;l:lnicaﬁon 5 0-20 . roe r;gsm;‘ssmn outpu See 17) Addr: ADDR is put ahead
COMM ) - reErans?ﬂssion output | Note 1 18) ALy: ALHY is put ahead
4) 0-5¢ -0-5Vv SEL? |Select 2nd parameter
) retransmission output SEL2 |for user menu Same as SEL 3
5) 1-5¢ :1-5V SEL3  |Select 3rd parameter
retransmission output SEL3 |for user menu Same as SEL1 4
6) 0-10:0-10v SELY  |Select 4th parameter
retransmission output SEL4 |for user menu Same as SEL1 6
. Address assignment SELS | Select 5th parameter 7
jlo)‘]:g’R for digital 9 Low: 1 High: 255 - SEL5 |for user menu Same as SEL
icati
communication SEL6  |Select 6th parameter
SELG |for user menu Same as SELA1 8
0) 24 :2.4 Kbits/s baud rate
yg . . SELT  |Select 7th parameter
1) o : 4.8 Kbits/s baud rate SEL7 |for user menu Same as SEL1 10
bAud | Baud rate of digital 2 , '+ 9.6 Kbits/s baud rate SEL8 | Select 8th parameter Same as SEL1 17
BAUD communication 3) {44 :14.4 Kbits/s baud rate | 2 SEL8 |for user menu
4) 192 :19.2 Kbits/s baud rate Note 1: D 45 on Ord Cod
ote 1: Depends on Ordering Code
5) 288 . 288 Kbits/s baud rate P 9
6) 384 * 38.4 Kbits/s baud rate




Chapter 2 Installation

Dangerous voltages capable of causing death are some-

times present in this instrument. Before installation or
beginning any troubleshooting procedures, the power to all
equipment must be switched off and isolated. Units suspected of
being faulty must be disconnected and removed to a properly
equipped workshop for testing and repair. Component replace-
ment and internal adjustments must be made by a qualified main-
tenance person only.

To minimize the possibility of fire or shock hazards do
not expose this instrument to rain or excessive moisture.

Do not use this instrument in areas under hazardous con-

ditions such as excessive shock, vibration, dirt, moisture,
corrosive gases or oil. The ambient temperature of the area
should not exceed the maximum rating specified in chapter 6.

Display Board

s

® j
°© |
B @ @ @ o
@ S b
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o g

\— Control Board

TBC-41 Board PID Control

Y —r

2-1 Unpacking

Upon receipt of the shipment, remove the unit from the carton
and inspect the unit for shipping damage.

If there is any damage due to transit, report it and file a claim
with the carrier. Write down the model number, serial number,
and date code for future reference when corresponding with
Tempco.

2-2 Mounting

The dimensions of the control board, display board, and the
mounting plate for the display board as shown in Figure 2-1
through 2.3 (see pages 8 and 9).

1/4" OD x 5/16" Long Spacer
with #6-32 x 3/4" Screw (4 each)

1/4" OD x 1/2" Long Spacer
with #6-32 x 3/4" Screw (4 each)




Figure 2-1 Control Board Dimensions (mm)
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Figure 2-2 Display Board Dimensions (mm)
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Figure 2-3 Mounting Plate for Display Board Dimensions (mm)
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2-3 Wiring Precautions

e Before wiring, verify the correct model number and options
on the label. Switch off the power while checking.

e Care must be taken to ensure that the maximum voltage rating
specified on the label is not exceeded.

e |t is recommended that the power for these units be protected by
fuses or circuit breakers rated at the minimum value possible.

o All units should be installed inside a suitably grounded metal
enclosure to prevent live parts from being accessible to human
hands and metal tools.

e All wiring must conform to appropriate standards of good prac-
tice and local codes and regulations. Wiring must be suitable
for the voltage, current, and temperature rating of the system.

e Beware not to over-tighten the terminal screws. The torque
should not exceed 1 n-m (8.9 in-1b.)

e Unused control terminals should not be used as jumper points as
they may be internally connected, causing damage to the unit.

e Verify that the ratings of the output devices and the inputs as
specified in chapter 6 are not exceeded.

e Except for the thermocouple wiring, all wiring should be
stranded copper with a maximum gauge of 18 awg.

2-4 Power Wiring

The controller is designed to operate at 11-26 VAC/VDC or 90—
250 VAC. Check that the installation voltage corresponds to the
power rating indicated on the product label before connecting
power to the controller. The controller power input should be
equipped with a fuse and switch as shown below in figure 2.7

Figure 2-7 Power Supply Connections

TE2

» 90 - 250 VAC or

‘ ~o—0" O » 11-26 VAC/VDC

Fuse
2A/250VAC

TE1

.08" max
(2.0 mm)

I
D l—strip 0.18"- 0.27"

(4.5-7.0 mm)

Figure 2-4 Lead Termination

© | onst ©
s 1], TEG
sz 2 |1 3 |=
<[4 ] 2 8
2 |8 118
9P 1 1=
282 |6
9P 14
solz J= TE7
o[ 1 3 =
252 | 2 |2
=z[3 1 ]es
© ©

Figure 2-5 Terminal Connection

This equipment is designed for installation in an enclo-
sure which provides adequate protection against electric
shock. The enclosure must be connected to earth ground.

Local requirements regarding electrical installation should be
rigidly observed. Consideration should be given to prevent unau-
thorized personnel from accessing the power terminals.

10



2-5 Sensor Installation Guidelines

Proper sensor installation can eliminate many problems in a con-
trol system. The probe should be placed so that it can detect any
temperature change with minimal thermal lag. In a process that
requires fairly constant heat output, the probe should be placed
close to the heater. In a process where the heat demand is vari-
able, the probe should be close to the work area. Some experi-
mentation with probe location is often required to find the opti-
mum position.

In a liquid process, the addition of agitation will help to elimi-
nate thermal lag. Since the thermocouple is basically a point
measuring device, placing more than one thermocouple in paral-
lel can provide an average temperature readout and produce bet-
ter results in most air heated processes.

2-6 Sensor Input Wiring

TE7

- (N[
t| +f i
LA\t

| A\+

we) @

e

TC V mA RTD

Figure 2-8 Sensor Input Wiring
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Proper sensor type is also a very important factor in obtaining
precise measurements. The sensor must have the correct temper-
ature range to meet the process requirements. In special process-
es, the sensor might have requirements such as leak-proof, anti-
vibration, antiseptic, etc.

Standard sensor limits of error are +4°F (£2°C) or 0.75% of the
sensed temperature (half that for special) plus drift caused by
improper protection or an over-temperature occurrence. This
error is far greater than controller error and cannot be corrected
on the sensor except by proper selection and replacement.



2-7 Control Output Wiring

TE3
1 120V/240VAC
2 »~ Mains Supply

Figure 2-9 Output 1

Relay or Triac (SSR)

to Drive Load

TE3
1 o 120V / 240V
2 Mains Supply

=

Three Phase 0 ©° °T° o Three
Delta Heater o o olo—o Elha?e
Load iy ' eater

-0 O o“o——o0 Power

Disconnect or
Contactor Breaker

Figure 2-10 Output 1 Relay or Triac (SSR)

to Drive Contactor

TE3 .\ SSR
1 @+ @—{Loadl—o 120V /240V
D Mains Supply
21 —o-o—
Internal Circuit
30mA/5V F=====77=77 =" 1
Pulsed ! oAl !
Voltage | !
i 33 i+
1
i 33 i
1 M 1
i oV i
e . |

Figure 2-11 Output 1 Pulsed Voltage

TE3
+
1 o020mA —1 Maximum Load
4-20mA <— 1L9A% " 500 ohms
2 _|

Figure 2-12 Output 1 Linear Current

to Drive SSR
TE4
TES LOAD
i 1
120V/240V
1 [0-1V, 05V [raag) Maximum Load Mains Supply
o [1-8V 0-10v 10K ohms 2 g

Figure 2-13 Output

1 Linear Voltage

Figure 2-14 Relay or Triac (SSR)
to Drive Load

12



TE4

=il

1 120V / 240V
2 Mains Supply

TE4 SSR
+
1 :e)+ g_wﬁ 120V / 240V
2 oo Mains Supply

Internal Circuit

Three Phase o o oio—o Three 30mA/5V ey 1
Delta Heater S o o’o—o Ihase Pulsed i
Load — - Heater Voltage :
-0 O o’0—o0 Power 33 i

Disconnect or
Contactor Breaker

Figure 2-15 Output 2 Relay or Triac (SSR)
to Drive Contactor

Fr————————————

Figure 2-16 Output 2 Pulsed Voltage

to Drive SSR
TE4 TE4
+ +
1 0-20mA — Maximum Load 1 0-1V. 0-5V “— Maximum Load
5 4-20mA < 1229 500 ohms 5 | 1-5V, 0-10v L2 10K ohms

Figure 2-17 Output 2 Linear Current

Figure 2-18 Output 2 Linear Voltage

2-8 Alarm Wiring

TES

LOAD >

120V/240V
. Mains Supply

winn| =

Figure 2-19 Alarm Output
to Drive Load
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TE5

0 120V / 240V
Mains Supply

WIN|—=

|_'\9.QSU'

Three Phase °,\° ofo—o 'Fl;?lgesee
Delta Heater e o o—o0 Lo

Load —_ : eater

—0 O o’o0—o Power

Disconnect or
Contactor Breaker

Figure 2-20 Alarm Output to Drive Contactor



2-9

Twi

Data Communication

RS-485 to RS-232

TEG 1 network adaptor
3
2 T2 TEC99001
. RS-232
™1
e K—) PC
sted-Pair Wire
TEG e
3 .
2 X2
1
Max. 247 units can be linked
TE6 X1
3
2 TX2 o : .
$ | Terminator Resistor
1 [ | 220 ohms /0.5W

Figure 2-21 RS-485 Wiring

RXD
COoM

TEG

—<IN[W

5 PC

9-pin
RS-232
port

|

TEC99014

Figure 2-22 RS-232 Wiring

If you use a conventional 9-pin RS-232 cable instead of TEC99014, the
cable must be modified according to the following circuit diagram.

To DTE (PC) RS-232 Port

TE6 (o1 ) loeo
—0 2 RD
™1 RO ¢——06 37D
™D | 3 02 o 4 DTR
=2 ™ 7
o) 5 GND
RXD | 2 - % 3os| 6DSR
¢ 04 7 RTS
com| 1 GND o 09 8 CTS
\5/ 9 RI
Female DB-9

Figure 2-23 Configuration of RS-232 Cable
14



Chapter 3 Programming

Press for 5 seconds and release to enter the setup menu.
Press to select the desired parameter. The upper display indi-
cates the parameter symbol, and the lower display indicates the
selected value of the parameter.

3-1 Lockout

There are four security levels that can be selected using the
LOCK parameter.

If NONE is selected for LOCK, then no parameter is locked.
If SET is selected for LOCK, then all setup data are locked.

If USER s selected for LOCK, then all setup data as well as
user data (refer to section 1-5) except the set point are
locked to prevent them from being changed.

If ALL is selected for LOCK, then all parameters are locked to
prevent them from being changed.

process value

input signal

SL S SH
Formula: PV = INLO + (INHI-INLO) S =SL

SH-SL

3-2 Signal Input
INPT: Selects the sensor type or signal type for signal input.
Range: (thermocouple) J-TC, K-TC, T-TC, E-TC, B-TC,

R-TC, S-TC, N-TC, L-TC
(RTD) PT.DN, PT.JS
(Linear) 4-20mA, 0-20mA, 0-60mV, 0-1VDC,
0-5VDC, 1-5VDC, 0-10VDC

UNIT: Selects the process unit

Range: °C, °F, PU (process unit). If the unit is set for nei-
ther °C nor °F, then it defaults to PU.

DP: Selects the resolution of process value.
Range: (For T/C and RTD) NO.DP, 1-DP
(For linear) NO.DP, 1-DP, 2-DP, 3-DP
INLO: Selects the low scale value for the linear type input.
INHI: Selects the high scale value for the linear type input.

How to use the conversion curve for linear type
process values, INLO and INHI;

If 4-20mA is selected for INPT, SL specifies the input signal low
(i.e., 4mA), SH specifies the input signal high (i.e., 20mA), S
specifies the current input signal value, and the conversion curve
of the process value is shown as follows:

Figure 3-1 Conversion Curve for
Linear Type Process Value

Example: A 4-20 mA current loop pressure transducer with
range 0-15 kg/cm2 is connected to input, then perform the

following setup:
INPT = 4-20
INHI = 15.00

INLO = 0.00
DP = 2-DP

SL = Setpoint Low Limit SH = Setpoint High Limit

Of course, you may select other value for DP to alter

the resolution.

3-3 Control Outputs

There are four kinds of control modes that can be configured as shown in table 3.1.

Table 3-1 Heat-Cool Control Setup Value

,\CAOZ"O' OUT1 | OuT2 | O1HY | O2HY | CPB DB | OUT1:
odes Output 1 Type
Heat only REVR X DA X X X OouUT2:
Output 2 Type
Cool only DIRT X Dk¢ X X X O1I-F|)Y- P
Heat: PID Output 1 Hysteresis
Cool: ON-OFF | REVR | DEHI X O X X O2HY:
i Output 2 Hysteresis
Coaipip | REVR |cooL | X X O | O | ces:
' Cooling Proportional Band
X : Does not apply ¥ Required if ON-OFF control DB:

(O: Adjust to meet process
requirements

15
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Heat only ON-OFF control: Select REVR for OUT1. Set PB
(Proportional Band) to 0. O1HY is used to adjust dead band for
ON-OFF control. The output 1 hysteresis (O1HY) is enabled in
case PB=0. The heat only on-off control function is shown in the
following diagram:

Figure 3-2 Heat Only ON-OFF Control

PV
A
| | | |
I | I I
SP1 T—— A~ —+——- T
I I I
I I I
I I | | Dead band = O1HY
I I I
SP1-O1HY | _ 1 1
| |
| I | I
} t } t >
I I I I Time
OUT1 Action | | | I
A I I I |
I I | |
| | I I
ON T -— = -— =
OFF T——— -—=
Time

The ON-OFF control may introduce excessive process oscillation
even if hysteresis is minimized. If ON-OFF control is set (i.e.,
PB=0), TI, TD, CYCI, OFST, CYC2, CPB, and DB will be hid-
den and have no function in the system. The auto-tuning and
bumpless transfer function will be disabled as well.

Heat only P (or PD) control: Select REVR for OUTI, set TI to
0. OFST is used to adjust the control offset (manual reset). O1HY
is hidden if PB is not equal to 0. OFST function: OFST is meas-
ured by % with a range of 0-100.0%. In the steady state (i.e.,
process has been stabilized), if the process value is lower than the
set point, a definite value, say 5°C, while 20°C is used for PB,
that is lower 25%, then increase OFST 25%, and vice-versa. After
adjusting OFST value, the process value will be varied and even-
tually coincide with set point. Using the P control (TI set to 0),
disables auto-tuning.

Refer to section 3-12 "manual tuning" for the adjustment of PB
and TD. Manual reset (adjust OFST) is not practical because the
load may change from time to time and OFST may need to be
adjusted repeatedly. The PID control can avoid this situation.

Heat only PID control: If REVR is selected for OUT1, PB and
TI should not be zero. Perform auto-tuning for the new process,
or set PB, TI, and TD with historical values. See section 3-11 for
auto-tuning operation. If the control result is still unsatisfactory,
then use manual tuning to improve the control. See section 3-12
for manual tuning. The unit contains a very advanced PID and
Fuzzy algorithm to create a very small overshoot and very quick
response to the process if it is properly tuned.

Cool only control: ON-OFF control, P (PD) control, and PID
control can be used for cool control. Set OUT1 to DIRT (direct
action). The other functions for cool only ON-OFF control, cool
only P (PD) control, and cool only PID control are the same as for
heat only control except that the output variable (and action) for
cool control is inverse to heat control.

NOTE: ON-OFF control may result in excessive overshoot and
undershoot problems in the process. P (or PD) control will result
in a deviation of process value from the set point. It is recom-
mended to use PID control for heat-cool control to produce a sta-
ble and zero offset process value.

Other setup required: O1TY, CYC1, O2TY, CYC2, O1FT and
O2FT are set in accordance with the types of OUT1 and OUT2
installed. CYC1 and CYC?2 are selected according to the output 1
type (O1TY) and output 2 type (O2TY). Generally, select 0.5~2
seconds for CYCI1 if SSRD or SSR is used for O1TY; 10~20 sec-
onds if relay is used for O1TY and CYCl1 is ignored if linear out-
put is used. Similar conditions are applied for CYC2 selection.

You can use the auto-tuning program for the new process or
directly set the appropriate values for PB, TI, and TD according
to historical records for the repeated systems. If the control
behavior is still inadequate, then use manual tuning to improve
the control. See section 3-12 for manual tuning.

CPB (Cooling Proportional Band) Programming: The cooling
proportional band is measured by % of PB with a range of
50-300. Initially set 100% for CPB and examine the cooling
effect. If the cooling action should be enhanced, then decrease
CPB, if the cooling action is too strong, then increase CPB. The
value of CPB is related to PB and its value remains unchanged
throughout the auto-tuning procedures.

Adjustment of CPB is related to the cooling medium used. If air
is used as the cooling medium, adjust CPB to 100%. If oil is used
as the cooling medium, adjust CPB to 125%. If water is used as
the cooling medium, adjust CPB to 250%.

DB (Heating-Cooling Dead Band) programming: The adjust-
ment of DB is dependent on the system requirements. If a more
positive value of DB (greater dead band) is used, an unwanted
cooling action can be avoided but an excessive overshoot over the
set point will occur. If a more negative value of DB (greater over-
lap) is used, an excessive overshoot over the set point can be min-
imized, but an unwanted cooling action will occur. It is adjustable
in the range -36.0% to 36.0% of PB. A negative DB value shows
an overlap area over which both outputs are active. A positive DB
value shows a dead band area over which neither output is active.

Output 2 ON-OFF control (alarm function): Output 2 can also
be configured with an alarm function. There are 4 kinds of alarm
functions that can be selected for output 2. These are: DE.HI
(deviation high alarm), DE.LO (deviation low alarm), PV.HI
(process high alarm), and PV.LO (process low alarm). Refer to
figure 3.3 and figure 3.4 for descriptions of the deviation alarm
and the process alarm.
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PV OUT2 = DE.HI

SV+SP2 1

SV+SP2-02HY 1

| I
: .
. ! 1 Time
OUT2  Action 1 |
A | I
I i
ON T ——~— - -
OFF T—
Time

Figure 3-3 Output 2 Deviation High Alarm

PV
|
|
SP2+02HY 1 | |
1 1
1 1
1 1
SP2 1 3 +
! ! ! !
1 1 1 I Time
OUT2 Action I I I |
A | | | i
1 1 1 1
ON T — —
OFF T— — — - ==
Time

Figure 3-4 Output 2 Process Low Alarm
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3-4 Alarms

The controller has one alarm output. There are six types of
alarm functions and one dwell timer that can be selected, and
four kinds of alarm modes (ALMD) are available for each
alarm function (ALFN). Besides the alarm output, output 2
can be configured as another alarm. But output 2 only pro-
vides four kinds of alarm functions and only normal alarm
mode is available for this alarm.

A process alarm sets two absolute trigger levels. When the
process is higher than SP3, a process high alarm (PV.HI)
occurs, and the alarm is off when the process is lower than
SP3-ALHY. When the process is lower than SP3, a process
low alarm (PV.LO) occurs, and the alarm is off when the
process is higher than SP3+ALHY. A process alarm is inde-
pendent of the set point.

A deviation alarm alerts the user when the process deviates
too far from the set point. When the process is higher than
SV+SP3, a deviation high alarm (DE.HI) occurs. The alarm
is off when the process is lower than SV+SP3-ALHY. When
the process is lower than SV+SP3, a deviation low alarm
(DE.LO) occurs. The alarm is off when the process is higher
than SV+SP3+ALHY. The trigger level of the deviation
alarm moves with the set point.

A deviation band alarm presets two trigger levels relative
to the set point. The two trigger levels are SV+SP3 and SV-
SP3 for alarm. When the process is higher than (SV+SP3) or
lower than (SV-SP3), a deviation band high alarm (DB.HI)
occurs. When the process is within the trigger levels, a devi-
ation band low alarm (DB.LO) occurs.

In the above descriptions SV denotes the current set point
value for control which is different from SP1 as the ramp
function is performed.

There are four types of alarm modes available for each alarm
function. These are: normal alarm, latching alarm, holding
alarm and latching/holding alarm. They are described as fol-
lows:

Normal alarm: ALMD=NORM

When a normal alarm is selected, the alarm output is de-ener-
gized in the non-alarm condition and energized in an alarm
condition.

Latching alarm: ALMD=LTCH

If a latching alarm is selected, once the alarm output is ener-
gized, it will remain unchanged even if the alarm condition
is cleared. The latching alarm is reset when the RESET key
is pressed after the alarm condition is removed.

Holding alarm: ALMD=HOLD

A holding alarm prevents an alarm when the control is pow-
ering up. The alarm is enabled only when the process reaches
the set point value. Afterwards, the alarm performs the same
function as a normal alarm.

Latching/holding alarm: ALMD=LT.HO

A latching/holding alarm performs both holding and latching
functions. The latching alarm is reset when the RESET key
is pressed after the alarm condition is removed.

Alarm failure transfer is activated as the unit enters failure
mode. The alarm will go on if ALFT is set for ON and go off
if ALFT is set for OFF. The unit will enter failure mode when
a sensor break occurs or if the A-D converter of the unit fails.



3-5 Configuring User Menu

Most conventional controllers are designed with a fixed order in
which the parameters scroll. This series has the flexibility to
allow you to select those parameters which are most significant to
you and put these parameters at the front of the display sequence.

SEL1~SELS: Selects the parameter for view and change in the
user menu. Changing the SEL1~8 will change the user menu dis-
played when the © key is tapped, as opposed to being pressed
for 5+ seconds.

Range: LOCK, INPT, UNIT, DP, SHIF, PB, TI, TD, O1HY,
CYCl1, OFST, RR, O2HY, CYC2, CPB, DB, ADDR,
ALHY

When using the up and down keys to select the parameters, you
may not see all of the above parameters. The number of visible
parameters is dependent on the setup condition. The hidden
parameters for the specific application are also blocked from the
SEL selection.

Example:
OUT?2 set for DE.LO PB=100.0 SEL1 set for INPT
SEL2 set for UNIT SEL3 set for PB SELA4 set for TI
SEL5~SELS set for NONE
Now, the upper display scrolling becomes:

| ?/ LN gy L 5P3|@»|,npt|umt

<&
£ Ph

3-6 Ramp
Ramp

The ramping function is performed during power up as well as
any time the set point is changed. If MINR (minutes) or HRR
(hours) is chosen for RAMP, the unit will perform the ramping
function. The ramp rate is programmed by adjusting RR. The
ramping function is disabled as soon as failure mode, manual
control mode, auto-tuning mode or calibration mode is entered.

Example without dwell timer

Select MINR for RAMP, select °C for UNIT, select 1-DP for DP,
set RR=10.0. SV is set to 200°C initially, and changed to 100°C
30 minutes after power-up. The starting temperature is 30°C.
After power-up, the process runs like the curve shown below:

170°C
in 17 min.

Figure 3-5 RAMP Function

Time
(minutes)

Note: When the ramp function is used, the lower display will
show the current ramping value. However, it will revert to show
the set point value as soon as the up or down key is touched for
adjustment. The ramping value is initiated to process value either
on power-up or when RR and/or the set point are changed. Setting
RR to zero means no ramp function.

3-7 Dwell Timer

The alarm output can be configured as a dwell timer by selecting
TIMR for ALFN (alarm function). When the dwell timer is con-
figured, the parameter SP3 is used for dwell time adjustment. The
dwell time is measured in minutes ranging from 0.1 to 4553.6
minutes. Once the process reaches the set point the dwell timer
starts to count down to zero (time out). The timer relay will
remain unchanged until time out. The dwell timer operation is
shown in the following diagram.

After time out the dwell timer can be restarted by pressing the
RESET key.

The timer stops counting during manual control mode, failure
mode, the calibration period and the auto-tuning period.

If the alarm is configured as a dwell timer, ALHY and ALMD are
hidden.

Process Temperature

»

|
I -
| Time
ALM :
A Ni»l | Interrupt Power or
| | Press Reset Button
: | | /— to Restart Cycle
ON T | e
|
OFF +T—-———+-—-————— -
| | |
| | |
Time
Timer Starts  Timer Stops

Figure 3-6 Dwell Timer Function

If the alarm is configured as a dwell timer, ALHY and
ALMD are hidden.
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3-8 PV Shift

In certain applications it is desirable to shift the
controller display value from its actual value. This
can easily be accomplished by using the PV shift
function.

The SHIF function will alter PV only.

Here is an Example: A process is equipped with a
heater, a sensor, and a subject to be warmed up. Due
to the design and position of the components in the
system, the sensor could not be placed any closer to
the part. Thermal gradient (differing temperatures)
is common and necessary to an extent in any ther-
mal system for heat to be transferred from one point
to another. If the difference between the sensor and
the subject is 35°C, and the desired temperature at
the subject to be heated is 200°C, the controlling
value or the temperature at the sensor should be
235°C. You should enter -35°C to subtract 35°C
from the actual process display. This in turn will
cause the controller to energize the load and bring
the process display up to the set point value.

3-9 Digital Filter

In certain applications, the process value is too unstable to be
read due to possible electrical noise. A programmable low-pass
filter incorporated in the controller can be used to improve this.
This is a first-order filter with the time constant specified by the FILT=1
FILT parameter. The default value of FILT is set at 0.5 seconds. Vi /_
Adjust FILT to change the time constant from 0 to 60 seconds. /

0 seconds means no filter is applied to the input signal. The fil-

ter is characterized by the following diagram:
Note

The filter is available only for PV, and is performed for the dis-
played value only. The controller is designed to use unfiltered
signal for control even if the filter is applied. A lagged (filtered)
signal, if used for control, may produce an unstable process.

3-10 Failure Transfer

Output 1 failure transfer, if activated,

Sybject Heater Subject Heater Subject Heater
| \ | |
\ Heat \ Heat \ Heat l
Transfer Transfer Transfer
165°C . 165°C , 200°C
ZOO?H 200°C, 235°C,
/
Sensor Sensor Sensor
°c °C °C
20l 65| 2oy
200
35°C temperature Adjust SHIF Display is stable
difference is observed SHIF=-35°C SHIF=-35°C
SHIF=0 Supply more heat PV=SV
Figure 3-7 PV Shift Application
PV
A FILT=0
1 sec
\
—————— \
FILT=30
1 sec
P Time

Figure 3-8 Filter Characteristics

QOutput 2 failure transfer, if activated,

The controller will enter failure mode if
one of the following conditions occurs:

1.

2.

SBER occurs due to input sensor break
or input current below ImA if 4-20 mA
is selected or input voltage below 0.25V
if 1-5V is selected.

ADER occurs due to the A-D converter
of the controller failing.

Output 1 and output 2 will perform the fail-
ure transfer function as the controller
enters failure mode.
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will perform:

1. If output 1 is configured as proportional 1.
control (PB#0), and BPLS is selected
for O1FT, then output 1 will perform
bumpless transfer. Thereafter, the previ-
ous averaging value of MV1 will be
used for controlling output 1.

2. If output 1 is configured as proportional 2.
control (PB#0), and a value of 0 to
100.0% is set for O1FT, then output 1
will perform failure transfer. Thereafter,
the value of O1FT will be used for con-
trolling output 1. 3

3. If output 1 is configured as ON-OFF
control (PB=0), then output 1 will be
driven OFF if OFF is set for O1FT and
will be driven ON if ON is set for
OI1FT.

will perform:

If OUT?2 is configured as COOL, and
BPLS is selected for O2FT, then output
2 will perform bumpless transfer.
Thereafter, the previous averaging
value of MV2 will be used for control-
ling output 2.

If OUT2 is configured as COOL, and a
value of 0 to 100.0% is set for O2FT,
then output 2 will perform failure trans-
fer. Thereafter, the value of O2FT will
be used for controlling output 2.

. If OUT2 is configured as alarm func-

tion, and O2FT is set to OFF, then out-
put 2 will go off. Otherwise, output 2
will go on if O2FT is set to ON.

Alarm failure transfer is activated as the
controller enters failure mode. Thereafter,

the alarm will transfer to the ON or OFF
state preset by ALFT.



3-11 Auto-tuning

A The auto-tuning process is performed set point. The
process will oscillate around the set point during the
tuning process. Set the set point at a lower value if over-
shooting beyond the normal process value is likely to cause
damage.

Auto-tuning is applied in cases of:
e Initial setup for a new process

e The set point is changed substantially from the previous
auto-tuning value

* The control result is unsatisfactory

Operation:
1. The system has been installed normally.
2. Set the correct values for the setup menu of the unit, but don't

set a zero value for PB and TI, or the auto-tuning program will
be disabled. The LOCK parameter should be set at NONE.

3. Set the set point to a normal operating value, or a lower value
if overshooting beyond the normal process value is likely to
cause damage.

4. Press and hold until A - £ appears on the display.
5. Press [@lfor at least 5 seconds. The AT indicator will begin to
flash and the auto-tuning procedure will begin.

NOTE: The ramping function, if used, will be disabled when
auto-tuning is taking place.

The auto-tuning mode is disabled as soon as either failure mode
or manual control mode occurs.

Procedures:

Auto-tuning can be applied either as the process is warming up
(cold start), or when the process has been in a steady state
(warm start).

After the auto-tuning procedures are completed, the AT indica-
tor will cease to flash and the unit will revert to PID control
using its new PID values. The PID values obtained are stored
in the nonvolatile memory.

AEEr Auto-Tuning Error

If auto-tuning fails an ATER message will appear on the display
in the following cases:

e If PB exceeds 9000 (9000 PU, 900.0°F or 500.0°C),

¢ if TI exceeds 3600 seconds,

¢ if the set point is changed during the auto-tuning procedure.
Solutions to AEEr

1. Try auto-tuning again.

2. Don't change the set point value during the auto-tuning proce-
dure.

3. Don't set a zero value for PB and TI.
4. Use manual tuning instead of auto-tuning (see section 3-12).
5. Touch RESET key to reset AEEr message.

3-12 Manual Tuning
In certain applications auto-tuning may be inadequate for the
control requirements. You can try manual tuning for these
applications.
If the control performance using auto-tuning is still unsatisfac-
tory, the following rules can be applied for further adjustment
of PID values:

Figure 3.9 shows the effects of PID

adjustment on process response.

ADJUSTMENT SEQUENCE SYMPTOM SOLUTION

Slow Response Decrease PB

(1) Proportional Band (PB) | High overshoot or

Oscillations Increase PB

Slow Response Decrease Tl
(2) Integral Time (TI) Instability or

Oscillations Increase Tl

Slow Response or

Oscillations Decrease TD

(3) Derivative Time (TD)

High Overshoot Increase TD

Table 3-2 PID Adjustment Guide

PV A PB too low

Perfect

l

Set
point

PB too high

Time
v i Tl too high
A
Set —_\—
point \/ T
T Perfect

Tl too low
| action] Time
PV A TD too low
l Perfect
Set
point

TD too high

| D action] Time
Table 3-9 Effects of PID Adjustment
on Process Response
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3-13 Manual Control

Operation:

To enable manual control, the LOCK parameter should be set to
NONE, then press for 6.2 seconds [----] (Hand
Control) will appear on the display. Press for 5 seconds until
the MAN indicator begins to flash and the lower display shows
. The controller now enters the manual control mode.
indicates output control variable for output 1, and
indicates control variable for output 2. Now you can use
the up-down keys to adjust the percentage values for the heating
or cooling output.

The controller performs open loop control as long as it stays in
manual control mode.

Exit Manual Control

Pressing the [R] key will cause the controller to revert to its nor-
mal display mode.

3-14 Data Communication

The controllers support RTU mode of Modbus protocol for data
communication. Other protocols are not available for this series.

Two types of interface are available for data communication.
These are RS-485 and RS-232 interface. Since RS-485 uses a
differential architecture to drive and sense signal instead of a sin-
gle-ended architecture like the one used for RS-232, RS-485 is
less sensitive to noise and suitable for communication over a
longer distance. RS-485 can communicate without error over a
1km distance while RS-232 is not recommended for a distance of
over 60 feet (20 meters).

Using a PC for data communication is the most economical
method. The signal is transmitted and received through the PC
communication port (generally RS-232). Since a standard PC
can't support an RS-485 port, a network adapter (such as
TEC99001) has to be used to convert RS-485 to RS-232 for a PC
if RS-485 is required for data communication. Up to 247 RS-485
units can be connected to one RS-232 port; therefore a PC with
four comm ports can communicate with 988 units. Refer to
Chapter 7 on page 29.

Setup
Enter the setup menu.

Select RTU for COMM. Set individual addresses for any units
that are connected to the same port.

Set the baud rate (BAUD), data bit (DATA), parity bit (PARI)
and stop bit (STOP) so that these values are accordant with PC
setup conditions.

If you use a conventional 9-pin RS-232 cable instead of
TEC99014, the cable should be modified for proper operation of
RS-232 communication according to section 2-9.
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3-15 Process Variable (PV)
Retransmission

The controller can output (retransmit) process value via its
retransmission terminals RE+ and RE- provided that the retrans-
mission option is ordered. The correct signal type should be
selected for COMM parameter to meet the retransmission
option installed. RELO and REHI are set to specify the low
scale and high scale values of retransmission.



Chapter 4 Applications

4-1 Heat Only Control with Dwell Timer
An oven is designed to dry products at 150°C for 30

minutes and then stay unpowered for another batch. A Set
TBC-41 equipped with dwell timer is used for this pur- SP1=150.0
pose. The system diagram is shown at right: SP3=30.0 | Oven
To achieve this function, set the following parameters OP1 0P2 ALM
in the setup menu: O O O °¢c °F
INPT=K_TC UNIT=°C A1 rnri | c T/C
)
DP=1_DP OUT1=REVR v v
OITY=RELY CYCI=180 mAN /5 e Ta]
OIFT=BPLS  ALFN=TIMR a U SUY Heater
ALFT=ON
Auto-tuning is performed at 150°C for a new oven. [a] [v] [R]
S o <“+— Mains
OUT1 SV T X! «— Supply
S o
7] bon
ﬂ“
Timer (ALM |
(ALM) :ﬂsOFF
Figure 4-1 Heat Control Example
4-2 Cool Only Control
A TBC-41 is used to control a refrigerator at Refrigerator
temperatures below 0°C. This temperature is Setup Summary:
lower than the ambient, so a cooling action is INPT=PT.DN
required. Select DIRT for OUT1. Since output 1 o RTD
is used to drive a magnetic contactor, O1TY UNIT="C —
selects RELY. A small temperature oscillation is DP=1-DP
tolerable, so use ON-OFF control to reduce the =~ OUT1=DIRT
over-all cost. To use ON-OFF control, set PB to O1TY=RELY
zero and O1HY at 0.1°C. _650_1’—4— .
: Mains
000 _J Supply
—
User Menu: 051 052 AEM o °F
PB=0 (°C) ,- —'
O1HY=0.1 (°C) - ‘e
g
MAN - ': 11
AT N
[a] Y] [R]

Figure 4-2 Cool Only Control
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4-3 Heat-Cool Control

An injection mold is required to be controlled at 120°C to ensure a consistent
quality for the parts. An oil pipe is buried in the mold. Since plastics are
injected at a higher temperature (e.g., 250°C), the circulation oil needs to be
cooled as its temperature rises. Here is an example:

Plastics — \I Injection Mold
g‘ 120°C
1
l Qil
Pump
Qil Tank
Freezer RTD
LI $
Heater
L6 Supply
4-20 mA ,u;’\_' ]
ouT2 OUT1
I—
OP1 OP2 ALM INPT
O O 0O c°c °F D
( 111y -
L Ly

[S] [a] [¥]

AT

[R]

Figure 4-3 Heat-Cool Only Control
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The PID heat-cool is used for the above example. To
achieve this, set the following parameters in the setup
menu:

INPT=PT.DN
UNIT=°C

DP= 1-DP
OUTI1=REVR
OITY=RELY
CYC1=18.0 (sec.)
OIFT=0.0
OUT2=COOL
02TY=4-20
O2FT=BPLS

Set SV at 120.0°C, CPB at 125(%) and DB at -4.0(%).

Apply auto-tuning at 120°C for a new system to get
optimal PID values. See section 3-11.

Adjustment of CPB is related to the cooling medium
used. If water is used as the cooling medium instead of
oil, the CPB should be set at 250(%). If air is used as
the cooling medium instead of oil, the CPB should be
set at 100(%). The adjustment of DB is dependent on
the system requirements. A higher positive value of DB
will prevent unwanted cooling action, but will increase
the temperature overshoot, while a lower negative
value of DB will result in less temperature overshoot,
but will increase unwanted cooling action.



Chapter 5 Calibration

Do not proceed through this section unless there is a def-

inite need to recalibrate the controller. If you recalibrate,
all previous calibration data will be lost. Do not attempt recali-
bration unless you have the appropriate calibration equipment. If
the calibration data is lost, you will need to return the controller
to your supplier who may charge you a service fee to recalibrate
the controller.

Entering calibration mode will break the control loop.
Make sure that the system is ready to enter calibration
mode.

Equipment needed for calibration:

1. A high-accuracy calibrator (Fluke 5520A calibrator
recommended) with the following functions:
0-100mV millivolt source with £0.005% accuracy
0-10V voltage source with +0.005% accuracy
0-20mA current source with +0.005% accuracy
0-300 ohm resistant source with +£0.005% accuracy

2. A test chamber providing 25°C-50°C temperature range

The calibration procedure described in the following section is a
step-by-step manual procedure.

Manual Calibration Procedures
e Perform step 1 to enter calibration mode.

Step 1.
Set the lock parameter to the unlocked condition (LOCK=NONE).

Press and hold the scroll key until appears on the dis-
play, then release the scroll key.

Press the scroll key for 2 seconds, and the display will show
and the unit will enter the calibration mode.

* Perform step 2 to calibrate zero of A to D converter and
step 3 to calibrate gain of A to D converter.

Step 2.

Short the thermocouple input terminals, then press the scroll key
for at least 5 seconds. The display will blink for a moment until
a new value is obtained. If the display didn't blink or if the
obtained value is equal to -199.9 or 199.9, then calibration failed.

Step 3.

Press scroll key until the display shows [AdH: ]. Send a 60mV
signal to the thermocouple input terminals in the correct polarity.
Press the scroll key for at least 5 seconds. The display will blink
for a moment and a new value is obtained. If the display didn't
blink or if the obtained value is equal to -199.9 or 199.9, then the
calibration failed.

* Perform both steps 4 and 5 to calibrate RTD function (if
required) for input.

Step 4.

Press scroll key until the display shows [~£dL]. Send a 100
ohms signal to the RTD input terminals according to the connec-
tion shown below:

100 ohms

Figure 5-1 RTD Calibration

Press scroll key for at least 5 seconds. The display will blink for
a moment; if it does not this calibration failed.

Step 5.

Press the scroll key and the display will show . Change
the ohm's value to 300 ohms. Press the scroll key for at least 5
seconds. The display will blink for a moment and two values will
be obtained for RTDH and RTDL (step 4). If the display didn't
blink or if any value obtained for RTDH or RTDL is equal to -199.9
or 199.9, then calibration failed.

* Perform step 6 to calibrate offset of cold junction compen-
sation, if required.
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Manual Calibration Procedures, continued...

5520A
Calibrator
K-TC L
- K
] 13
I M 2
K- 1

Wait at least 20 minutes in
still-air room at temperature 25+3°C.

Figure 5-2 Cold Junction Calibration Setup

Step 6.

Set up the equipment according to the diagram above for calibrating the
cold junction compensation. Note that a K type thermocouple must be
used.

The 5520A calibrator is configured as K type thermocouple output
with internal compensation. Send a 0.00°C signal to the unit under cali-
bration.

The unit under calibration is powered in a still-air room with temperature
25+3°C. Wait at least 20 minutes for warming up. Perform step 1 as stated
above, then press the scroll key until the display shows [£JLo]. Press
up/down key to obtain 40.00

Press the scroll key for at least 5 seconds. The display will blink for a
moment until a new value is obtained. If the display didn't blink or if the
obtained value is equal to —5.00 or 40.00, then calibration failed.

* Perform step 7 to calibrate gain of cold junction compensation if
required.

Step 7.

Setup the equipment same as step 6. The unit under calibration is powered
in a still-air room with temperature 50+3°C. Wait at least 20 minutes for
warming up. The calibrator source is set at 0.00°C with internal compen-
sation mode.

Perform step as 1 stated above, then press the scroll key until the display
shows . Press the scroll key for at least 5 seconds. The display will
blink for a moment until a new value is obtained. If the display didn't blink
or if the obtained value is equal to —199.9 or 199.9, then calibration failed.

This setup is performed in a high-temperature chamber, therefore it is rec- Input Function RA RB R60
ommended to use a computer to perform the procedures. T/C, RTD, 0 - 60mV X X 3.3K
¢ Input modification and recalibration procedures for a linear voltage 0-1V 61.9K 3.92K X
or a linear current input: o v 15y
. . =oV, 1 - 324K 3.92K X
1. Remove R60(3.3K) and install two 1/4W resistors RA and RB on the
control board with the recommended values specified in the following 0-10V 649K 3.92K X
table. 0-20mA, 4 - 20mA 390 | 3.01Q X

Low temperature coefficient resistors should be used for RA and RB.
2. Perform step 1 and step 2 to calibrate the linear input zero.

3. Perform step 3 but send a span signal to the input terminals instead of
60mV. The span signal is 1V for O~1V input, 5V for 0~5V or 1~5V
input, 10V for 0~10V input and 20mA for 0~20mA or 4~20mA input.

* Final step

Step 8.
Set the LOCK value to your desired function.
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Chapter 6 Specifications

Power
90-250VAC, 47-63 Hz, 12VA, 5W maximum

11-26VAC/VDC, 12VA, 5W maximum

Input
Resolution: 18 bits

Sampling rate: 5 times/second

Maximum rating: -2VDC minimum, 12VDC maximum
(1 minute for mA input)

Temperature effect: +1.5uV/°C for all inputs except mA
input
+3.0uV/°C for mA input

Sensor lead resistance effect:
T/C: 0.2uV/ohm
3-wire RTD: 2.6°C/ohm of resistance difference of two leads
2-wire RTD: 2.6°C/ohm of resistance sum of two leads

Common mode rejection ratio (CMRR): 120dB
Normal mode rejection ratio (NMRR): 55dB

Sensor break detection:
Sensor open for TC, RTD and mV inputs,
Sensor short for RTD input,
Below 1mA for 4-20mA input,
Below 0.25V for 1-5V input,
unavailable for other inputs.

Sensor break responding time:
Within 4 seconds for TC, RTD, and mV inputs, 0.1 second
for 4-20mA and 1-5V inputs.

Output 1/Output 2

Relay rating: 2A/240VAC, 200,000 life cycles for
resistive load

Pulsed voltage: Source voltage 5V, current limiting
resistance 66 | .

Linear Output

Resolution: 15 bits

Output regulation: 0.02% for full load change
Output settling time: 0.1 sec. (stable to 99.9 %)
Isolation breakdown voltage: 1000VAC
Temperature effect: +0.01% of SPAN/°C

Triac (SSR) Output

Rating: 1A/240 VAC

Inrush current: 20A for 1 cycle

Min. load current: 50mA rms

Max. off-state leakage: 3mA rms

Max. on-state voltage: 1.5V rms

Insulation resistance: 1000M<2 min. at 500 VDC
Dielectric strength: 2500VAC for 1 minute

Characteristics:

e Range Aécgggéy Imﬁigz:tnce
I | Haerrorssrn | 0 | 22ume
K| Goprioasen | 2C | 22Mme
T | Glerrorsen | 20 | 22me
£ (--11 fé’fE t?19605%)‘$:) £2°C 2.2 MQ

o o +2°C

. (gZSFt?o13820702°c|;:) (fgg‘(’)fotf 22MQ

R | Gorosien | 20 | 22ume

S | Goriosien | 2C | 22me

N | Cnerrozaren | 20 | 22Me

L | e oy | =2C | 22me
Fgm)o (-_:ﬂg:FC ttc?1720902°‘$:) +0.4°C 1.3 KQ
S | (oo giizn| *04C | 13Ke
mv -8mV to 70mV +0.05% 22 MQ
mA | -3mAto27mA | £0.05% | 70.5Q
v -1.3Vto 11,5V | =£0.05% | 650 KQ

Linear Output Characteristics

Type . Zero Span Load_
olerance | Tolerance | Capacity
4-20mA | 3.6-4mA | 20-21mA | 500Q max.
0-20mA 0 mA 20-21mA | 50022 max.
0-5V oV 5-525V |10 KQ min.
1-5V | 09-1V [ 5-525V |10 KQ min.
0-10V oV 10-10.5V | 10 KQ min.

DC Voltage Supply Characteristics (Installed at Output 2)

Type | Toorance | Mag,output | pple [ teolaton
20V =1V 25 mA 0.2 Vp-p 500 VAC
12V +0.6V 40 mA 0.1 Vp-p 500 VAC
5V +025V 80 mA 0.05 Vp-p 500 VAC
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Specifications, continued...

Alarm
Alarm relay: Form C Rating

2A/240VAC, 200,000 life cycles for resistive
load.

Alarm functions: Dwell timer, Deviation high/low alarm,
Deviation band high/low alarm, PV high/low
alarm

Alarm modes: Normal, latching, hold, latching/hold.
Dwell timer: 0.1- 4553.6 minutes

Data Communication

Interface: RS-232 (1 unit), RS-485 (up to 247 units)
Protocol: Modbus protocol RTU mode

Address: 1-247

Baud rate: 2.4-38.4Kbits/sec

Data bits: 7 or 8 bits

Parity bit: None, even or odd

Stop bit: 1 or 2 bits

Communication buffer: 160 bytes

Analog Retransmission

Output Signal: 4-20mA, 0-20mA, 0-5V, 1-5V, 0-10V
Resolution: 15 bits

Accuracy: + 0.05% of span = 0.0025% / °C

Load Resistance:
0-500 Ohms (for current output)
10 K Ohms minimum (for voltage output)

Output Regulation: 0.01% for full load charge
Output Settling Time: 0.1sec (stable to 99.9%)
Isolation Breakdown Voltage: 1000 Vac for 1 min.
Integral Linearity Error: +0.005% of span
Temperature Effect: +0.0025% of span/°C
Saturation Low: 0 mA or (0V)

Saturation High: 22.2 mA (or 5.55V, 11.1V/min)

Linear Output Range: 0-22.2 mA (0-20 mA or 4-20 mA)
0-5.55V (0-5V, 1-5V)
0-11.1 V (0-10V)
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User Interface
Dual 4-digit LED displays
Keypad: 4 keys

Programming port: For automatic setup, calibration and
testing

Communication port: Connection to PC for supervisory
control

Control Mode

Output 1: Reverse (heating) or direct (cooling) action

Output 2: PID cooling control, cooling P band 50~300% of PB,
dead band -36.0-36.0% of PB

ON-OFF: 0.1-90.0 (°F) hysteresis control (P band=0)
P or PD: 0-100.0% offset adjustment
PID: Fuzzy logic modified

Proportional band 0.1-900.0°F

Integral time 0-3600 seconds

Derivative time 0-360.0 seconds
Cycle time: 0.1-90.0 seconds
Manual control: Heat (MV 1) and cool (MV?2)
Auto-tuning: Cold start and warm start

Failure mode: Auto-transfer to manual mode while sensor
break or A-D converter damage

Ramping control: 0-900.0°F/minute or
0-900.0°F/hour ramp rate

Digital Filter

Function: First order

Time constant: 0,0.2,0.5, 1,2, 5, 10, 20, 30, 60 seconds
programmable

Environmental and Physical
Operating temperature: -10°C to 50°C

Storage temperature: -40°C to 60°C

Humidity: 0 to 90% RH (non-condensing)

Altitude: 2000m maximum

Pollution: Degree 2

Insulation resistance: 20Mohms min. (at 500VDC)
Dielectric strength: 2000VAC, 50/60 Hz for 1 minute
Vibration resistance: 10-55 Hz, 10 m/s’ for 2 hours
Shock resistance: 200m/s* (20g)

Approval Standards

EMC: EN61326



Chapter 7 Modbus Communications

This chapter specifies the Modbus Communications protocol as RS-232 or RS-485 interface mod-
ule is installed. Only RTU mode is supported. Data is transmitted as eight-bit binary bytes with 1
start bit, 1 stop bit and optional parity checking (None, Even or Odd). Baud rate may be set to 2400,
4800, 9600, 14400, 19200, 28800 and 38400.

7-1 Functions Supported

Only function 03, 06 and 16 are available for this series of controllers. The message formats for
each function are described as follows:

Function 03: Read Holding Registers

Query: (from Primary) Response: (from Secondary)
Secondary address (0-255) -
Function code (3) e
Starting address of register Hi (0) Byte count
Starting address of register Lo Data 1 Hi
(0-79, 128-131) Data 1 Lo
No. of words Hi (0) Data 2 Hi
No. of words Lo (1-79) Data 2 Lo
CRC16 Hi J
CRCI16 Lo J
CRCI16 Hi
CRCI16 Lo

Function 06: Preset Single Register

Query: (from Primary) Response: (from Secondary)
Secondary address (0-255) -~
Function code (6) ~——
Register address Hi (0) -
Register address Lo (0-79, 128-131) e
Data Hi —_—
Data Lo -
CRCI16 Hi -
CRC16 Lo -~

Function 16: Preset Multiple Registers

Query: (from Primary) Response: (from Secondary)
Secondary address (0-255) -
Function code (16) e
Starting address of register Hi (0) -
Starting address of register Lo (0-79, 128-131) -
No. of words Hi (0) D ——
No. of words Lo (1-79) -~
Byte count (2-158) CRC16 Hi
Data 1 Hi CRC16 Lo
Data 1 Lo

Data 2 Hi

Data 2 Lo

CRC16 Hi

CRC16 Lo
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7-2 Exception Responses

If the controller receives a message which contains a corrupted character (parity check error, framing error etc.),

or if the CRC16 check fails, the controller ignores the message. However, if the controller receives a syntactically
correct message which contains an illegal value, it will send an exception response, consisting of five bytes as follows:

secondary address + offset function code + exception code + CRC16 Hi +CRC16 Lo

Where the offset function code is obtained by adding the function code with 128 (ie. function 3 becomes H'83), and the exception
code is equal to the value contained in the following table:

Exemption Code Name Cause
1 Bad Function Code Function code is not supported by the controller
2 Illegal data address Register address out of range
3 Illegal data value Data value out of range or attempt to write
a read-only or protected data

7-3 Parameter Table

Register Parameter Parameter Scale Scale Notes
Address Notation Low High
0 SP1 Set Point 1 *4 *4 R/W
1 SP2 Set Point 2 *7 *7 R/W
2 SP3 Set Point 3 *6 *6 R/W
3 LOCK Lock code 0 65535 R/W
4 INPT Input sensor selection 0 65535 R/W
5 UNIT Measuring unit 0 65535 R/W
6 DP Decimal point position 0 65535 R/W
7 INLO Low scale value for linear input *4 *4 R/W
8 INHI High scale value for linear input *4 *4 R/W
9 SP1L Low limit of SP1 *4 *4 R/W
10 SP1H High Limit of SP1 *4 *4 R/W
11 SHIF PV shift value *4 *4 R/W
12 FILT Filter time constant 0 65535 R/W
13 DISP Display form 0 65535 R/W
14 PB P (proportional) band *5 *5 R/W
15 TI Integral time 0 65535 R/W
16 TD Derivative time 0.0 6553.5 R/W
17 OUTI Output 1 function 0 65535 R/W
18 OITY Output 1 signal type 0 65535 R/W
19 OIFT Output 1 failure transfer -1999.9 4553.6 R/W
20 OIHY Output 1 ON-OFF hysteresis *5 *5 R/W
21 CYCl1 Output 1 cycle time 0.0 6553.5 R/W
22 OFST Offset value for P control 0.0 6553.5 R/W
23 RAMP Ramp function 0 65535 R/W
24 RR Ramp rate *5 *5 R/W
25 OUT2 Output 2 function 0 65535 R/W
26 RELO Retransmission low scale value *4 *4 R/W
27 02TY Output 2 signal type 0 65535 R/W
28 O2FT Output 2 failure transfer -1999.9 4553.6 R/W
29 O2HY Output 2 ON-OFF hysteresis *5 *5 R/W
30 CYC2 Output 2 cycle time 0.0 6553.5 R/W
31 CPB Cooling P band 0 65535 R/W
32 DB Heating-cooling dead band -1999.9 4553.6 R/W

N
©



Register Parameter Parameter Scale Scale Notes
Address Notation Low High
33 ALFN Alarm Function 0 65535 R/W
34 REHI Retransmission high scale value *4 *4 R/W
35 ALMD Alarm operation mode 0 65535 R/W
36 ALHY Alarm hysteresis *5 *5 R/W
37 ALFT Alarm failure transfer 0 65535 R/W
38 COMM Communication function 0 65535 R/W
39 ADDR Address 0 65535 R/W
40 BAUD Baud rate 0 65535 R/W
41 DATA Data bit count 0 65535 R/W
42 PARI Parity bit 0 65535 R/W
43 STOP Stop bit count 0 65535 R/W
44 SEL1 Selection 1 0 65535 R/W
45 SEL2 Selection 2 0 65535 R/W
46 SEL3 Selection 3 0 65535 R/W
47 SEL4 Selection 4 0 65535 R/W
48 SELS Selection 5 0 65535 R/W
49 SEL6 Selection 6 0 65535 R/W
50 SEL7 Selection 7 0 65535 R/W
51 SELS Selection 8 0 65535 R/W
52 ADLO mV calibration low coefficient -1999.9 4553.6 R/W
53 ADHI mV calibration high coefficient -1999.9 4553.6 R/W
54 RTDL RTD calibration low coefficient -1999.9 4553.6 R/W
55 RTDH RTD calibration high coefficient -1999.9 4553.6 R/W
56 CJLO Cold junction calibration low coefficient -199.99 455.36 R/W
57 CJHI Cold junction calibration high coefficient -1999.9 4553.6 R/W
58 DATE Date code 0 65535 R/W
59 SRNO Serial number 0 65535 R/W
60 HOUR Working hours of the controller 0 65535 R/W
61 BPL1 Bumpless transfer of OP1 0.00 655.35 R
62 BPL2 Bumpless transfer of OP2 0.00 655.35 R
63 CICL Cold junction signal low 0.000 65.535 R
64, 128 PV Process value *4 *4 R
65, 129 SV Current set point value *4 *4 R
66 MV1 OP1 control output value 0.00 655.35 Read only unless
130 in manual control
67 MV2 OP2 control output value 0.00 655.35 Read only unless
131 in manual control
68 TIMER Remaining time of dwell timer -1999.9 4553.6 R
69 EROR Error code *1 0 65535 R
70 MODE Operation mode and alarm status *2 0 65535 R
71, 140 PROG Program code *3 0.00 655.35 R
72 CMND Command code 0 65535 R/W
73 JOBI1 Job code 0 65535 R/W
74 JOB2 Job code 0 65535 R/W
75 JOB3 Job code 0 65535 R/W
76 CICT Cold Junction Temperature -199.99 455.36 R
77 Reserved 0 65535 R
78 Reserved 0 65535 R
79 Reserved 0 65535 R
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*1 The error code is shown in the first column of Table A.1.

*2 Definition for the value of MODE register:
H’000X = Normal mode
H’010X = Calibration mode
H’020X = Auto-tuning mode
H’030X = Manual control mode
H’040X = Failure mode

*3 The PROG Code is defined in the following table

H’0X00 = Alarm status is off
H’0x01 = Alarm status is on

The alarm status is shown in MV2 instead of
MODE for models TEC-220 and TEC-920.

Model No.

TEC-9100 TEC-8100 TEC-4100 TEC-7100 TEC-220

TEC-920

PROG Code 6.XX 11.XX 12.XX

13. XX

33.XX 34 XX

(xx denotes the software version)

*4 The scale high/low values are defined in the following table for SP1, INLO, INHI, SP1L, SP1H, SHIF, PV, SV, RELO and REHI:

Conditions | Non-linear Linear input Linear input Linear input Linear input
input DP=0 DP=1 DP=2 DP=3
Scale low -1999.9 -19999 -1999.9 -199.99 -19.999
Scale High 4553.6 45536 4553.6 45536 45.536

*5 The scale high/low values are defined in the following table for PB, O1HY, RR, O2HY, and ALHY:

Conditions | Non-linear Linear input Linear input Linear input Linear input
input DP=0 DP=1 DP=2 DP=3
Scale low 0.0 0 0.0 0.00 0.000
Scale High 6553.5 65535 6553.5 655.35 65.535

*6 The scale high/low values are defined in the following table for SP3:

Conditions ALFN=1 Non-linear  Linear input Linear input Linear input Linear input
(TIMR) input DP=0 DP=1 DP=2 DP=3
Scale low -1999.9 -1999.9 -19999 -1999.9 -199.99 -19.999
Scale High 4553.6 4553.6 45536 4553.6 455.36 45.536

*7 The scale high/low values are defined in the following table for SP2:
For TEC-220 and TEC-920

Conditions 0ouT2=1 Non-linear  Linear input Linear input Linear input Linear input
(TIMR) input DP=0 DP=1 DP=2 DP=3
Scale low -1999.9 -1999.9 -19999 -1999.9 -199.99 -19.999
Scale High 4553.6 4553.6 45536 4553.6 45536 45.536

For TEC-9100, TEC-8100, TEC-7100 and TEC-4100:

Conditions | Non-linear Linear input Linear input Linear input Linear input
input DP=0 DP=1 DP=2 DP=3
Scale low -1999.9 -19999 -1999.9 -199.99 -19.999
Scale High 4553.6 45536 4553.6 45536 45.536

7-4 Data Conversion
The word data are regarded as unsigned (positive) data in the Modbus message. However, the actual value of the parameter may be
a negative value with decimal point. The high/low scale values for each parameter are used for the purpose of such conversion.

Let M = Value of Modbus message

SL = Scale low value of the parameter

M= ( 65535 Ao (SH—SL
SH-SL 65535

A = Actual value of the parameter
SH = Scale high value of the parameter
)x(A—SL) )x(M+SL)
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7-5 Communication Examples:

Example 1: Download the default values via the programming port
The programming port can perform Modbus communications regardless of the incorrect setup values of address, baud, parity, stop

bit, etc. It is especially useful during the first time configuration for the controller. The host must be set with 9600 baud rate, 8 data
bits, even parity and 1 stop bit.
The Modbus message frame with hexadecimal values is shown as follows:

o1 [ 10 | oo | oo [ 00 | 34 | 68 | ar | 19 | 48 | 83 | 48 | 83 | 00 | 00
IAddr.| Func.| Starting Addr. No. of words | Bytes SP1=25.0 SP2=10.0 Sp3=10.0 LOCK =0
00 | o1 00 | oo 00 | o1 a0 | D | 51 | ca | ab | D | 63 | 21
INPT =1 UNIT =0 DP=1 INLO=-17.8 INHI =93.3 SPIL =-17.8 | SP1H =537.8
48 | 1F | oo | 02 [ 00 | oo | 00 | 64 | 00 | 64 | 00 | rA | 00 | 00
SHIF =0.0 FILT =2 DISP=0 PB =100 TI =100 TD =250 OUTI =0
00| o0 | 48| 1F | 00 | o1 00 | B4 | oo | FaA | 00 | 00 | oo | 00
O1TY =0 O1FT=0 OlHY =0.1 CYC1 =180 OFST =250 RAMP =0 RR=0.0
00 [ o2 | 48 | 1F [ 00 | oo | 48 | 1F [ 00 | o1 00 | B4 | o0 | 64
ouT2 =2 RELO =0.0 02TY =0 O2FT =0 O2HY =0.1 CYC2=18.0 CPB = 100
4| 1F | o0 | o2 52 | o7 00 | oo | oo | o1 00 | oo [ o0 | o1
DB =0 ALFN =2 REHI = 100.0 ALMD =0 ALHY =0.1 ALFT =0 COMM =1
00 | o1 00 | o2 | oo | o1 00 |00 | oo | oo | oo | 02 | 00 | 03
ADDR =1 BAUD =2 DATA=1 PARI =0 STOP =0 SEL1 =2 SEL2 =3
00 | o4 | oo | o6 | 00 | o7 00 | o8 00 | oa | o0 | 11 H | Lo
SEL3 =4 SEL4 =6 SEL5 =7 SEL6 = 8 SEL7 =10 SEL8 =17 CRC16
Example 2: Read PV, SV, MV1 and MV2 Example 3: Perform Reset Function
Send the following message to the controller via the COMM (same effect as pressing E key)
port or programming port: Query
03 | oo | H4 | 00 | 04 |Hi| Lo 06 | oo | mas |[mes|H25| Hi [ Lo
H’80 Addr. | Func.| Register Addr. Data Hi/Lo CRC16
Addr. | Func.| Starting Addr. No. of words CRC16
Example 4: Enter Auto-tuning Mode Example 5: Enter Manual Control Mode
Query Query
06 00 H’48 H68 | H’28 | Hi Lo 06 00 H’48 H68 | H’27 | Hi Lo
Addr. [ Func.| Register Addr. Data Hi/Lo CRC16 Addr. [ Func.| Register Addr. Data Hi/Lo CRC16
Example 7: Modify the Calibration Coefficient
Example 6: Read All Parameters Preset the CMND register with 26669 before attempting to
Query change the calibration coefficient.
03 00 00 00 H’50 | Hi Lo 06 00 H’48 H’68 | H’2D | Hi Lo
Addr. | Func.| Starting Addr. No. of words CRC16 Addr. | Func.| Register Addr. Data Hi/Lo CRC16
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Table A.1 Error Codes and Corrective Actions

33

Displa N
oo Syrba Error Description Corrective Action
lllegal setup values being used: Check and correct setup values of
Before COOL is used for OUT2, OuUT2, PB, Tl and OUT1. If OUT2
DIRT (cooling action) has already |is required for cooling control, the
been used for OUT1, or PID mode |control should use PID mode
4 | F I is not used for OUT1 (that is, (PB=0, Tl=0) and OUT1 should
PB=0 and/or TI=0) use reverse mode (heating action).
Otherwise, don't use OUT2 for
cooling control.
_ _ | Communication error: bad function| Correct the communication
10 £~ {L/|code software to meet the protocol
requirements.
- _ . «|Communication error: register Don't issue an over-range
|27 7 1] address out of range register address to the slave.
_ Communication error: attempt | Don't write a read-only data or a
14 |£r~ {4 |to write a read-only data or a protected data to the slave.
protected data
_ _ | Communication error: write a Don't write an over-range data
15 |#=~ {5 value which is out of range to a |to the slave register.
register
1.The PID values obtained after
auto-tuning procedure are out
of range. Retry auto-tuning.
2.Don't change set point value
o6 | BLE - Fail to perform auto-tuning during auto-tuning procedure.
P function 3.Use manual tuning instead of
auto-tuning.
4. Don't set a zero value for PB.
5. Don't set a zero value for TI.
6. Press RESET key
29 | £ F M F | EEPROM can't be written correctly| Return to factory for repair.
30 | 1=~ Cold junction compensgtlon for Return to factory for repair.
thermocouple malfunction
Input sensor break, or input
= i _ | current below 1 mA if 4-20 mA is :
SO . Repl t .
39 |amiy selected, or input voltage below eplace Input sensor
0.25V if 1-5V is selected
40 | RAE - Ato D converter or related Return to factory for repair.

component(s) malfunction




RETURNS

No product returns can be accepted without a completed Return
Material Authorization (RMA) form.

TECHNICAL SUPPORT

Technical questions and troubleshooting help is available from
Tempco. When calling or writing please give as much background
information on the application or process as possible.

E-mail: techsupport@tempco.com
Phone: 630-350-2252
800-323-6859

Note: Information in this manual was deemed correct at the time of printing. The
policy of Tempco is one of continuous development and product improvement,
and we reserve the right to modify specifications and designs without prior
notice. Not responsible for typographical errors.
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