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Th is manua l descr ibes how to insta ll, set  up, and operate a  
CLS204, CLS208 or  CLS216 cont roller . Each chapter  cov-
ers a different  aspect  of your cont rol system and may apply 
to different  users:

•

 

Ch a p t e r  1: Syst em  Ove r v iew

 

 provides a component  
list  and summary of fea tures for  the CLS200 ser ies 
cont rollers. 

•

 

Ch a p t e r  2: In st a lla t ion

 

 provides detailed inst ruc-
t ions on installing the CLS200 ser ies cont roller  and its 
per iphera ls.

•

 

Ch a p t e r  3: Us in g t h e  CLS200 

 

provides an overview 
of operator  displays used for  system monitor ing and 
job select ion.

•

 

Ch a p t e r  4: Se t u p

 

 provides detailed descr ipt ions of 
a ll menus and parameters for  cont roller  setup.

•

 

Ch a p t e r  5: E xt r u d er  Con t r o l

 

 expla ins the addit ion-
al fea tures of a CLS200 cont roller  equipped with  Ex-
truder Cont rol F irmware.

•

 

Ch a p t e r  6: E n h a n ced  F ea t u r es

 

 descr ibes process 
var iable ret ransmit , ra t io, different ia l and cascade 
cont rol features ava ilable with  the enhanced features 
opt ion.

•

 

Ch a p t e r  7: R a m p /Soa k

 

 expla ins how to set  up and 
use the fea tures of the ramp/soak opt ion.

•

 

Ch a p t e r  8: Tu n in g a n d  Con t r o l 

 

descr ibes available 
cont rol a lgor ithms and provides suggest ions for  appli-
cat ions.

•

 

Ch a p t e r  9: Tr ou b lesh oot in g a n d  R econ figu r in g

 

 
includes troubleshoot ing, upgrading and reconfigu r-
ing procedures for  technical personnel.



 

•

 

Ch a p t e r  10: L in ea r  Sca lin g E xa m p les

 

 provides an 
example configur ing a  pressure sensor , a flow sensor , 
and an encoder  using linear  scaling.

•

 

Ch a p t e r  11: Sp ec ifica t ion s lists detailed specifica-
t ions of the cont roller  and opt iona l components.

The following sect ions provide in format ion regarding prod-
uct  features, technical descr ipt ions, sa fety requirements, 
and prepara t ion for  opera t ion.

These symbols are used throughout  th is manua l:

Accessor ies may or  may not  be sh ipped in  the same con-
ta iner  as the CLS200, depending upon their  size. Check the 
sh ipping invoice carefu lly aga inst  the contents received in  
a ll boxes.



The CLS200 ser ies cont rollers provide 4, 8 or  16 fu lly inde-
pendent  cont rol loops. When used as a  stand-alone cont rol-
ler , you may opera te the CLS200 via the two-line 16-
character  display and touch keypad. You can a lso use it  as 
the key element  in  a computer -supervised data acquisit ion 
and cont rol system; the CLS200 can be loca lly or  remotely 
cont rolled via  an EIA/TIA-232 or  E IA/TIA-485 ser ia l com-
munica t ions in ter face. 

The CLS200 features include:

• Dir ec t  Con n ect ion  of Mixed  Th e r m ocou p le  Sen -
sor s : Connect  most  thermocouples to the cont roller  
with  no hardware modifica t ions. Thermocouple inputs 
feature reference junct ion  compensat ion, linear iza-
t ion, process var iable offset calibra t ion to correct  for  
sensor inaccuracies, detect ion of broken, shorted or  re-
versed thermocouples, and a  choice of Fahrenheit  or  
Celsius display.

• Accep t s  R esis t ive  Tem p er a t u r e  Det ec t or s  
(R TDs): Use 3-wire, 100 Ω, pla t inum, 0.00385-curve 
sensors with  two choices for  range and precision of 
measurements. (To use th is input , order a CLS204 or  
CLS208 cont roller  with  sca ling resistors.)

• Au t om a t ic  Sca lin g fo r  L in ea r  An a log In p u t s : The 
CLS200 ser ies au tomat ica lly sca les linear  inputs used 
with  indust r ia l process sensors. Enter  two points, and 
all input  va lues are automatica lly scaled in  your  un its. 
Sca ling resistors must  be insta lled.

• Du a l Ou t p u t s : The CLS200 ser ies includes both heat  
and cool con trol outpu ts for  each loop. Independent  
cont rol parameters are provided for  each output .

• In d ep en d en t ly  Se lect a b le  Con t r o l a n d  Ou t p u t  
Mod es: You can  set each cont rol output  to on/off, t ime 
propor t ion ing, Ser ia l DAC (digita l-to-analog convert -
er), or  distr ibuted zero crossing mode. Set  up to two 
outputs per loop for  on/off, P , PI or  PID cont rol with  re-
verse or  direct act ion.

• Con t r o l Ou t p u t s : Set  h igh/low deviat ion and h igh/
low process limits to opera te digita l outputs as on/off 
cont rol funct ions or  a larms.

• F lex ib le  Ala r m  Ou t p u t s : Independent ly set  h igh/
low process alarms and a  h igh/low deviat ion band 
ala rm for  each loop. Alarms can act ivate a digita l out -
put  by themselves, or  they can be grouped with  other  
a la rms to act ivate an output . 

• Glob a l Ala r m  Ou t p u t : When any a la rm is t r iggered, 
the globa l a la rm output  is a lso t r iggered, and it  stays 
on unt il you acknowledge it .



• CP U Wa t ch d og: The CLS200 ser ies CPU watchdog 
t imer  output  not ifies you of system fa ilure. Use it  to 
hold a  relay closed while the cont roller  is running, so 
you are not ified if the microprocessor shuts down.

• F r on t  P a n e l o r  Com p u t e r  Op er a t ion : Set  up and 
run the cont roller  from the front  panel or  from a  loca l 
or  remote computer . Wat low Anafaze offers WatView, 
a  Windows® compat ible Human Machine In ter face 
(HMI) software package tha t  includes data logging 
and graphing fea tures in  addit ion to process monitor-
ing and parameter  setup screens. 

• Mod b u s R TU P r ot ocol, E IA/T IA-232 a n d  485 
Com m u n ica t ion s: Connect to PLCs, operator  in ter -
face terminals and th ird-party software packages us-
ing the widely supported Modbus RTU protocol.

• Mu lt ip le  J ob  St or a ge : Store up to eight  jobs in  mem-
ory, and access them loca lly by enter ing a  single job 
number or  remotely via  digita l inpu ts. Each job is a set 
of operat ing condit ions, including setpoin ts and 
a la rms.

• Non lin ea r  Ou t p u t  Cu r ves: Select  either  of two non-
linear  output  cu rves for  each cont rol output .

• Au t ot u n in g: Use the autotune fea ture to set  up your 
system quickly and easily. The CLS200 in terna l ex-
per t  system table finds the correct  PID parameters for  
your process.

• P u lse  Cou n t e r  In p u t : Use the pulse counter  input  
for  precise cont rol of motor  or  belt  speed.

• Low  P ow er  Sh u t d ow n : The cont roller  shuts down 
and turns off a ll outputs when it  detects the inpu t volt -
age drop below the min imum safe opera t ing level.



You may have received one or  more of the following compo-
nen ts. See Figure 2.1 on page 12 for  CLS200 configuration 
in format ion.

• CLS200 ser ies cont roller

• Cont roller  mount ing kit

• TB50 with  50-pin SCSI cable

• EIA/TIA-232 or  EIA/TIA-485 communica t ions cable

• Power supply with  mount ing bracket and screws

• Ser ia l DAC (digita l-to-ana log converter )

• Specia l input  resistors (insta lled in  CLS200)

• User ’s gu ide





This sect ion conta ins a technical descr ipt ion of each  compo-
nen t of your CLS200 ser ies cont roller .

The CLS200 is housed in  an 1/8-DIN panel mount  package. 
It  conta ins the CPU, RAM with a built -in  ba t tery, EPROM, 
ser ia l communica t ions, digita l I/O, ana log inputs, the 
screen and touch keypad.

The CLS200 has the following fea tures:

• Keypad and 2-line 16-character  display.

• Screw termina ls for  the power and ana log inputs and 
communica t ions.

• Inpu t power is 12 to 24V (dc) a t  1 Amp.

• A 50-pin SCSI cable connects the digita l inputs and 
outputs to the 50-terminal block (TB50). The CLS204 
and CLS208 are ava ilable with  an 18-termina l block 
(TB18) in  place of the SCSI connector , as shown in  F ig-
ure 1.3.

The firmware resides in  an EPROM. See Replacing the 
EPROM on page 176 for  in format ion on removing and re-
placing the EPROM.

The opera t ing parameters are stored in  ba t tery-backed 
RAM. If there is a power  loss the operat ing parameters are 
unchanged. The bat tery has a  ten-year shelf life, and it  is 
not  used when the unit  is on. 

The microprocessor per forms all calcu la t ions for  input  sig-
nal linear iza t ion, PID cont rol, a la rms and communica-
t ions. 



The display and touch keypad provide an in telligent  way to 
opera te the cont roller . The display has 16 alphanumeric or  
graphic characters per  line. The 8-key keypad a llows you to 
change the operat ing parameters, cont roller  funct ions, and 
displays. 

The in format ion-packed displays show process var iables, 
setpoints, and output  levels for  each loop. A bar  graph dis-
play, single loop display, scanning display and an a larm 
display offer  a rea l-t ime view of process condit ions. Two ac-
cess levels a llow operator  changes and supervisor  changes. 

The TB50 is a  screw-termina l in ter face for  cont rol wiring 
which allows you to connect  relays, encoders and discrete I/
O devices to the CLS200. The screw terminal blocks accept  

wires as la rge as 18 AWG (0.75 mm2). A 50-pin  SCSI cable 
connects the TB50 to the CLS200.

WATLOW ANAFAZE CLS200



Wat low Anafaze provides cables required to insta ll your 
CLS200. A 50-pin SCSI cable connects the TB50 to the 
CLS200. 

The opt iona l cable used to connect  the CLS200 to a  comput-
er  using E IA/TIA-232 communica t ions has a  DB9 or  DB25 
connector  for  the computer  and bare wires for  connect ing to 
the CLS200.

Wat low Anafaze has made every effor t  to ensure the reli-
ability and safety of th is product. In  addit ion, we have pro-
vided recommendat ions tha t  will a llow you to safely insta ll 
and mainta in  th is cont roller . 

The CLS200 cont roller  may fa il fu ll-on (100% output  pow-
er ) or  fu ll-off (0% output  power ), or  may remain fu ll-on if an 
undetected sensor  fa ilure occurs. For more in format ion 
about fa iled sensor  a la rms, see Fa iled Sensor  Ala rms on 
page 65.

Design your  system to be safe even if the cont roller  sends a  
0% or 100% output  power signa l at  any t ime. Insta ll inde-
pendent , externa l sa fety devices tha t  will shut  down the 
system if a fa ilure occurs.

Typically, a shutdown device consists of an FM-approved 
h igh/low process limit  cont roller  tha t operates a  shu tdown 
device such as an mechanical contactor . The limit  con trol-
ler  monitors for  a  hazardous condit ion such as an under-
tempera ture or  over-tempera ture fau lt . If a  hazardous con-
dit ion is detected, the limit  cont roller  sends a  signal to open 
the contactor .

The sa fety shutdown device (limit  cont roller  and contactor) 
must  be independent from the process cont rol equipment .

With proper approval and installat ion, thermal fuses may 
be used in  some processes.



In  the occur rence of a  sudden loss of power , th is cont roller  
can be programmed to reset  the cont rol outputs to off (th is 
is the default ). Typica lly, when power is re-star ted, the con-
t roller  restar ts to data  stored in  memory. If you have pro-
grammed the cont roller  to restar t  with  cont rol outputs on, 
the memory-based restar t  might  create an unsafe process 
condit ion for  some installat ions. Therefore, you should only 
set  the restar t  with  ou tputs on if you are cer ta in  your  sys-
tem will sa fely restar t . (See the Process Power Digita l In-
put on page 79).

When using a computer  or  host device, you can program the 
software to automat ically reload desired operat ing con-
stants or  process values on power -up. Keep in  mind tha t 
these convenience features do not eliminate the need for  in-
dependen t safety devices. 

Contact  Wat low Anafaze immediately if you have any ques-
t ions about  system safety or  system operat ion.



This chapter  descr ibes how to insta ll the CLS200 ser ies 
cont roller  and its per ipherals. Insta llat ion  of the controller  
involves the following procedures:

• Determin ing the best  loca t ion for  the cont roller

• Mount ing the cont roller  and TB50

• Power connect ion

• Inpu t wir ing

• Communica t ions wir ing (E IA/TIA-232 or  E IA/TIA-
485)

• Output  wir ing



Figure 2.1 shows typical insta llat ions of the cont roller with  
the TB50 and the TB18 termina l blocks. The type of termi-
na l block you use great ly impacts the layou t and wir ing of 
your insta lla t ion site. (See F igures 2.2 to 2.11.)

We recommend that  you  read th is ent ire chapter  first  be-
fore beginning the installat ion procedure. This will help 
you to carefu lly plan and assess the insta lla t ion.

 

Install the cont roller  in  a  loca t ion free from excessive heat  
(more than 50º C [122° F ]), dust , and unauthor ized han-
dling. Elect romagnet ic and radio frequency in ter ference 
can induce noise on sensor  wir ing. Select  locat ions for  the 
CLS200 and TB50 such that  wir ing can be routed clear of 
sources of in ter ference such as h igh voltage wires, power  
switch ing devices and motors.



Use any of the following tools to cut  a hole of the appropr i-
a te size in  the panel.

• J igsaw and meta l file, for  sta in less steel and heavy-
weight  panel doors.

• Greenlee 1/8-DIN rectangu lar  punch (Greenlee par t  
number  600-68), for  most  panel mater ia ls and th ick-
nesses.

• Nibbler  and meta l file, for  a luminum and lightweigh t 
panel doors.

You  will a lso need these tools:

• Phillips head screwdr iver

• 1/8 in . (3 mm) fla thead screwdr iver  for  wir ing

• Mult imeter

Mount  the cont roller  before you mount  the terminal block 
or  do any wir ing. The cont roller ’s placement  a ffects place-
ment  and wir ing considera t ions for  the other components 
of your system.

Ensure there is enough clearance for  mount ing brackets, 
terminal blocks, and cable and wire connect ions; the con-
t roller  extends up to 7.0 inches (178 mm) behind the panel 
face and the screw brackets extend 0.5 inch (13 mm) above 
and below it . If using a  st ra ight  SCSI cable, a llow for  an ad-
dit iona l 1.6 inches (41 mm) beyond the termina l block. If 
using a r ight -angle SCSI cable, a llow an addit iona l 0.6 inch 
(15 mm). (See F igure 2.2 and F igure 2.3.)





We recommend you mount  the cont roller  in  a  panel not  
more than 0.2 in . (5 mm) th ick.

1. Choose a  panel loca t ion free from excessive heat  (more
than 50° C [122° F ]), dust , and unauthor ized handling.
(Make sure there is adequate clearance for  the mount-
ing hardware, terminal blocks, and cables. The con-
troller  extends 7.40 in . (178 mm) behind the panel.
Allow for  an addit ional 0.60 to 1.60 in . (15 to 41 mm)
beyond the connectors.)

2. Temporar ily cover any slots in  the metal housing so
that  dir t , metal filings, and pieces of wire do not  enter
the housing and lodge in  the elect ron ics.

3. Cut  a hole in  the panel 1.80 in . (46 mm) by 3.63 in . (92
mm) as shown below. (This picture is NOT a  templa te;
it  is for  illust ra t ion only.) Use caut ion; the dimensions
given  here have 0.02 in . (1 mm) tolerances.

4. Remove the brackets and colla r  from the processor
module, if they are a lready in  place.

5. Slide the processor  module in to the panel cutout .

6. Slide the mount ing collar  over the back of the proces-
sor  module, making sure the mount ing screw indenta-
t ions face toward the back of the processor module.



7. Loosen the mount ing bracket  screws enough to a llow
for  the mount ing collar  and panel th ickness. P lace
each mount ing bracket  in to the mount ing slots (head
of the screw facing the back of the processor module).
Push each  bracket  backward then to the side to secure
it  to the processor  module case.

8. Make sure the case is seated proper ly. Tighten the in-
sta lla t ion screws firmly aga inst  the mount ing collar  to
secure the unit . Ensure that  the end of the moun t ing
screws fit  in to the indentat ions on the mount ing collar .

There are two ways you can mount the TB50: Use the pre-
insta lled DIN ra il mount ing brackets or  use the plastic 
standoffs. Follow the corresponding procedures to mount  
the board. 



Snap the TB50 on to the DIN ra il by placing the hook side 
on the ra il fir st , then pushing the snap latch side in  place. 
(See F igure 2.7.) 

To remove the TB50 from the ra il, use a  flathead screwdr iv-
er  to unsnap the bracket  from the ra il. (See Figure 2.8.) 



1. Remove the DIN rail mount ing brackets from the
TB50.

2. Select  a  locat ion  with  enough clearance to remove the
TB50, its SCSI cable and the cont roller  itself.

3. Mark the four  mount ing holes. 

4. Dr ill and tap four  mount ing holes for  #6 (3.5 mm)
screws or  bolts.

5. Mount  the TB50 with  four  screws. 

There are four  smaller  holes on the terminal board. Use 
these holes to secure wir ing to the terminal block with t ie 
wraps.

If you use your  own power supply for  the CLS200, refer  to 
the power  supply manufacturer ’s inst ruct ions for  mount ing 
in format ion. Choose a  Class 2 power  supply that  supplies 
an isolated regulated 12 to 24V (dc) a t  1 A. 



Leave enough clearance around the power supply so tha t  it  
can be removed.

1. At tach the bracket  to the power supply using the
bracket ’s two center  holes. 

2. Select  a loca t ion with  enough clearance to remove the
power supply and bracket . (See Figure 2.10.) 

3. When a loca t ion has been determined for  the power
supply, mark the bracket ’s two outer  holes for  mount-
ing. 

4. Dr ill and tap the two mount ing holes. (The bracket
holes accept  up to #10 [5.0 mm] screws.)

5. Mount  the power supply on the panel.

6. Tighten the screws.

This sect ion descr ibes how to insta ll the opt ional Dua l DAC 
and Ser ia l DAC digita l-to-ana log converters.



Insta llat ion of the Dual DAC and Ser ia l DAC is essentia lly 
the same. The main differences are in  the dimensions and 
the wir ing. Follow th is procedure to correct ly insta ll these 
devices.

The outpu t signa l range of the Dual DAC and Ser ia l DAC 
modules is configured with  jumpers. See Configur ing Dua l 
DAC Outputs on page 186 and Configur ing Ser ia l DAC 
Outputs on page 188 for  in format ion on  set t ing these jump-
ers.

1. Select  a loca t ion. The unit  is designed for  wa ll mount -
ing. Insta ll it  as close to the con troller  as possible.

2. Mark and dr ill four  holes for  screw mount ing. Holes
accommodate #8 (4.0 mm) size screws. See Figure 2.11
for  screw locat ions. Insta ll the unit  with  the four
screws.



Successfu l insta llat ion and opera t ion of the cont rol system 
can depend on placement  of the components and on selec-
t ion  of the proper cables, sensors, and per ipheral compo-
nen ts.

Rout ing and sh ielding of sensor wires and proper ground-
ing of components can insure a  robust  con trol system. This 
sect ion  includes wir ing recommendat ions, instruct ions for  
proper  grounding and noise suppression, and consider-
a t ions for  avoiding ground loops.

Follow these guidelines for  select ing wires and cables:

• Use st randed wire. (Solid wire can be used for  fixed 
service; it  makes in termit tent  connect ions when you 
move it  for  main tenance.) 

• Use 20 AWG (0.5 mm2) thermocouple extension wire. 
Larger or  smaller  sizes may be difficu lt  to insta ll, may 
break easily, or  may cause in termit tent  connect ions. 

• Use sh ielded wire. The elect r ica l sh ield protects the 
signals and the CLS200 from elect r ica l noise. Connect 
one end of the input  and output  wir ing sh ield to earth 
ground.

• Use copper wire for  a ll connect ions other than thermo-
couple sensor inputs.



The CLS200’s outputs are typica lly used to dr ive solid state 
relays. These relays may in  tu rn operate more induct ive 
types of loads such as elect romechanical relays, a larm 
horns and motor  star ters. Such devices may genera te elec-
t romagnet ic in ter ference (EMI or  noise). If the cont roller  is 
placed close to sources of EMI, it  may not  funct ion  correct -
ly. Below are some t ips on how to recognize and avoid prob-
lems with  EMI. 

For earth ground wire, use a la rge gauge and keep the 
length as shor t  as possible. Addit ional sh ielding may be 
achieved by connect ing a  chassis ground strap from the 
panel to CLS200 case.

If your  cont roller  displays the following symptoms, suspect  
EMI:

• The cont roller ’s display blanks out  and then reenergiz-
es as if power had been  turned off for  a  moment .

• The process var iable does not  display cor rect ly.

EMI may a lso damage the digita l output  circu it—so digita l 
outputs will not  tu rn on. If the digita l output  circu it is dam-
aged, return the cont roller  to Wat low Anafaze for  repair.
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• To avoid or  eliminate most  RFI/EMI noise problems:

• Connect  the CLS200 case to earth ground. The 
CLS200 system includes noise suppression circu it ry. 
This circu itry requires proper grounding.

• Separate the 120 or  240V (ac) power  leads from the 
low-level input  and output  leads connected to the 
CLS200 ser ies cont roller . Do not  run the digita l I/O or  
cont rol output  leads in  bundles with  ac wires.

• Where possible, use solid-sta te relays (SSRs) instead 
of elect romechan ica l relays. If you must  use elect ro-
mechanica l relays, t ry to avoid mount ing them in the 
same panel as the CLS200 ser ies equipment .

• If you must use elect romechan ica l relays and you 
must  place them in  a  panel with  CLS200 ser ies equip-
ment, use a 0.01 microfarad capacitor  rated at  
1000V  (ac) (or  h igher) in  ser ies with  a 47 Ω, 0.5 wat t  
resistor  across the N.O. contacts of the relay load. This 
is known as a snubber network and can reduce the 
amount  of elect r ica l noise. 

• You can  use other voltage suppression devices, but  
they are not usua lly required. For instance, you  can 
place a  meta l oxide var istor  (MOV) rated at  130V  for  
120V  (ac) cont rol circu its across the load, which lim-
its the peak ac voltage to abou t 180V (ac) (Wat low 
Anafaze par t  number 26-130210-00). You can a lso 
place a  t ransorb (back-to-back zener diodes) across the 
digita l output , which  limits the digita l ou tput  voltage.

It  is st rongly recommended tha t  you:

• Isola te outputs through solid-state relays, where pos-
sible.

• Isola te RTDs or  “br idge” type inputs from ground.

• Isola te digita l inputs from ground through solid state 
relays. If th is is not  possible, then  make sure the digi-
ta l input  is the only connect ion to ear th ground other 
than the chassis ground.

• If you are using EIA/TIA-232 from a non-isola ted host , 
either  (1) do not  connect  any other  power  common 
poin t to ear th ground, or  (2) use an opt ica l isola tor  in  
the communica t ions line.



Ground loops occur  when curren t passes from the process 
through the cont roller  to ground. Th is can cause inst ru-
ment  errors or  malfunct ions.

A ground loop may follow one of these paths, among others:

• From one sensor  to another.

• From a  sensor to the communica t ions por t .

• From a  sensor to the dc power supply.

The best  way to avoid ground loops is to min imize unneces-
sary connect ions to ground. Do not  connect  any of the fol-
lowing terminals to each other or  to ear th ground:

• Power supply dc common 

• TB1, terminals 5, 6, 11, 12 (analog common)

• TB1, terminal 17 (reference voltage common)

• TB1, terminals 23, 24 (communicat ions common)

• TB2, terminal 2 (dc power  common)

The CLS216 has single-ended inputs. All the negat ive sen-
sor leads are t ied to the ana log common. That  means there 
is no sensor -to-sensor  isolat ion. Proper grounding is cr it ica l 
for  th is un it . Take these addit ional precaut ions with  a 
CLS216:

• Use a ll ungrounded or  a ll well-grounded thermocou-
ples, not  a  mix.

• If using a mixture of thermocouples or  low-voltage in-
puts (<500 mV) and current  inputs, connect the nega-
t ive leads of the curren t t ransmit ters to termina l 17 
(Ref Com) on TB1.

• If using voltage t ransmit ters, use only sourcing mod-
els or  con figurat ion . Sinking configurat ions will not  
work.

• Isola te the cont roller ’s communicat ion  port  (if used) by 
using an opt ica lly isola ted 232-to-485 conver ter .

Many PC communica t ions ports connect  the communica-
t ions common to chassis ground. When such a  PC is con-
nected to the cont roller , th is can provide a  pa th to ground 
for  cur rent  from the process tha t  can en ter  the cont roller  
through a sensor (such as a  thermocouple). This creates a 
ground loop that  can a ffect  communica t ions and other con-
t roller  funct ions. To eliminate a ground loop, either  use an 
opt ica lly isola ted communica t ions adapter  or  take mea-
sures to ensure tha t  sensors and all other  connect ions to 
the cont roller  are isolated and not  conduct ing current  in to 
the unit .



This sect ion covers making the power  connect ions to the 
CLS200 and connect ing the TB50.

Connect  power  to the cont roller  before any other connec-
t ions, This a llows you  to ensure tha t the con troller  is work-
ing before any t ime is taken installing inputs and outputs.



1. Connect  the dc common terminal on the power supply
to the dc common (-) terminal on CLS200 TB2. 

2. Connect  the posit ive termina l on the power supply to
the dc posit ive (+) termina l on CLS200 TB2.

3. If using an isola ted dc output  or  another power supply
to power the loads, connect  the dc common of the sup-
ply power ing the loads to the dc common of the supply
power ing the cont roller .

4. Use the ground connector  on TB2 for  chassis ground.
This terminal is connected to the CLS200 chassis and
must  be connected to earth ground.

5. Connect  120/240V (ac) power to the power supply.



1. Connect  the SCSI cable to the cont roller .

2. Connect  the SCSI cable to the TB50.



This sect ion expla ins how to test  the cont roller  a fter  insta l-
la t ion and pr ior  to making field wir ing connect ions.

Use th is procedure to ver ify that  the TB50 or  TB18 is prop-
er ly connected and supplied with  power:

1. Turn on power to the CLS200. The display should read
CALCULATING CHECKSUM then show the bar graph
display. (See Figure 3.3.)  If you  do not  see these dis-
plays, disconnect  power and check wir ing and power
supply output . 

2. Measure the +5V (dc) supply at  the TB50 or  TB18:

a) Connect  the voltmeter ’s common lead to TB50 or
TB18 terminal 3 or  TB18 termina l 2.

b) Connect  the voltmeter ’s posit ive lead to TB50 or
TB18 screw termina l 1. The voltage should be
+4.75 to +5.25V  (dc).

Use th is procedure to test  the cont roller ’s outputs before 
loads are connected. If using it  at  another t ime for  t rouble-
shoot ing, disconnect  loads from outputs before test ing.

1. Connect  a 500 Ω to 100 kΩ resistor  between TB50 or
TB18 screw terminal 1 and a digita l output  termina l.
(See Table 2.5, TB18 Connections on page 40; Table
2.6, TB50 Connections for  CLS204 and CLS208 on
page 41; or  Table 2.7, TB50 Connections for  CLS216 on
page 42.) 

2. Connect  the voltmeter ’s posit ive lead to screw term inal 1. 

3. Connect  the common lead to the digita l output  terminal.

4. Use the digita l output  test  in  the MANUAL I/O TEST
menu to turn  the digita l output  on and off. (See Test
Digita l Output on page 104 and Digita l Output Num-
ber  on page 104.) When the output  is ON, the output
voltage should be less than 1V. When the output  is
OFF, the output  voltage should be between 4.75 and
5.25V.



Use the following procedure to test  digita l inputs before 
connect ing to field devices:

1. Disconnect  any system wir ing from the input  to be
tested.

2. Go to the DIGITAL INPUTS  test  in  the MANUAL I/O
TEST menu. (See Digita l Inputs on page 103.) This test
shows whether  the digita l inpu ts are H (h igh, or  open)
or  L (low, or  closed).

3. At tach a  wire to the terminal of the digita l input  you
want  to test . See tables 2.5 to 2.7 on pages 40 to 42 for
connect ions.

a) When the wire is connected only to the digita l in-
pu t termina l, the digita l input  test  shou ld show
that  the input  is H (h igh, or  open).

b) When you connect  the other end of the wire to the
cont roller  common (TB50 termina l 3 or  TB18 ter -
minal 2), the digita l input  test  should show that
the inpu t is L (low, or  closed).

This sect ion descr ibes how to proper ly connect  thermocou-
ples, RTDs, current  and voltage inputs to your cont roller . 
The cont roller  can accept  any mix of ava ilable input  types. 
Some input  types require that  specia l sca ling resistors be 
insta lled (generally done by Wat low Anafaze before the 
cont roller  is delivered).

All inputs are insta lled at  the CH input  connectors (TB1) at  
the back of the cont roller . The illust rat ions below show the 
connector  loca t ions for  a ll the CLS200 ser ies cont rollers.



 

Use mult icolored st randed sh ielded cable for  ana log inputs. 
Watlow Anafaze recommends tha t  you use 20 AWG wire 

(0.5 mm2). If the sensor  manufacturer  requires it , you can 

a lso use 24 or  22 AWG wir ing (0.2 mm2). Most  inputs use a  
sh ielded twisted pa ir ; some require a  3-wire input . 

Follow the inst ruct ions perta in ing to the type(s) of input (s) 
you are insta lling.

The cont roller  accepts the following inputs without  any 
specia l scaling resistors:

• J , K, T, S, R, B and E thermocouples.

• Linear inputs with  ranges between -10 and 60 mV.

Any unused inputs should be set  to SKIP  or  jumpered to 
avoid thermocouple break a la rms.



Connect  the posit ive lead of any of the suppor ted thermo-
couple types to the IN+ termina l for  one of the loops and the 
negat ive lead to the corresponding IN- terminal.

Use 18 or  20 AWG (0.5 or  0.75 mm2) for  a ll the thermocou-
ple inputs. Most  thermocouple wire is solid, unshielded 
wire. When using sh ielded wire, ground one end only.



This inpu t type requires scaling resistors. Wat low Anafaze 
recommends that  you use a 100 Ω, 3-wire plat inum RTD to 
prevent  reading er rors due to cable resistance. If you use a 
2-wire RTD, jumper the negat ive input  to common. If you 

must  use a  4-wire RTD, leave the four th wire unconnected. 

The +5V Ref and Ref Com terminals a re provided in  order 
to power  externa l br idge circu its for  specia l sensors. Do not  
connect  any other types of devices to these terminals.

This input  type requires sca ling resistors. Special input  re-
sistors insta lled a t  Wat low Anafaze divide ana log input  
voltages such  that  the cont roller  sees a  -10 to 60 mV signal 
on the loop.

Ω



This input  type requires sca ling resistors. Special input  re-
sistors insta lled at  Wat low Anafaze for  ana log current  sig-
na ls a re such tha t the cont roller  sees a -10 to 60 mV signal 
across its inputs for  the loop.



The CLS200 can accept  a  pulse input  of up to 2000 Hz from 
a  device such as an encoder . The frequency of th is input  is 
sca led with  user-set  parameters. See Setup Loop Inpu t 
Menu on page 82 and Chapter  9, Linea r Sca ling Examples. 
This scaled va lue is the process var iable for  loop 5 on a  
CLS204, loop 9 on a CLS208, or  loop 17 on a  CLS216.

The CLS200 can accommodate encoder signals up to 24V 
(dc) using a  voltage divider  or  can power encoders with  the 
5V  (dc) from the TB50 or  TB18. The following figu res il-
lust ra te connect ing encoders. A pull-up resistor  in  the 
CLS200 allows open collector  inputs to be used.

For encoders with  signa ls greater  than 5V (dc), use a  volt -
age divider  to drop the voltage to 5 volts a t  the input . Use 
appropr iate values for  R1 and R2 depending on the encoder 
excita t ion voltage. Be sure not  to exceed the specific cur-
rent  load on the encoder .

Ω

Ω



This sect ion descr ibes how to wire and configure the cont rol 
outputs for  the CLS200 ser ies cont roller .

The CLS200 provides dua l PID cont rol outputs for  each 
loop. These outputs can be enabled or  disabled, and are 
connected via  TB50 or  TB18. 

When wir ing output devices, use mu lt icolored, stranded, 
sh ielded cable for  ana log outputs and digita l outputs con-
nected to panel-mounted solid sta te relays. 

• Analog outputs usually use a  twisted pa ir . 

• Digita l outputs usua lly have 9 to 20 conductors, de-
pending on  wir ing techn ique.

Once you have wired outputs to the TB50, insta ll the cable 
t ie wraps to reduce st ra in  on the connectors. 

Each row of termina ls has a  cable t ie wrap hole at  one end. 
Thread the cable t ie wrap through the cable t ie wrap hole. 
Then wrap the cable t ie wrap around the wires a t tached to 
tha t  termina l block. 

The CLS200 ser ies provides dual cont rol outputs for  up to 
16 loops. The controller ’s default  configurat ion has all heat  
outputs enabled and all cool ou tputs disabled. Disabling a 
heat  output  makes that  output  available to be used as a 
cont rol or  an ala rm output . See Enable or  Disable Hea t or 
Cool Outputs on  page 94. The CPU watchdog t imer  output  
can be used to monitor  the state of the cont roller  with  an  
externa l circu it  or  device. See CPU Watchdog Timer on 
page 38.



The digita l outputs sink current from the load to the con-
t roller  common. The load may powered by the 5V (dc) 
supplied by the cont roller  at  the TB50. Alternately, an ex-
ternal power supply may be used to dr ive loads. 

Keep in  mind the following points when using an externa l 
power supply:

• The CLS200 power supply available from Wat low 
Anafaze includes a  5V (dc) supply. When using it  to 
supply output  loads, connect  the 5V (dc) common to 
the 15V  (dc) common a t  the power supply.

• Do not  exceed +24 volts. 

• If you t ie the externa l load to earth ground, or  if you 
cannot connect  it  as shown in  (See F igure 2.22), then 
use a  solid-state relay.

All digita l outputs are sink outpu ts referenced to the 
CLS200 ser ies cont roller  common supply. These outputs 
are low (pulled to common) when  they are on.

The outputs conduct  curren t when they are low or  on . The 
maximum cur rent  sink capability is 60 mA a t  24V (dc). 
They cannot  “source” cu rrent  to a load.



Keep in  mind the following points as you choose outputs for 
cont rol and a la rms:

• You can enable or  disable the con trol ou tputs. The de-
fau lt  set t ing is heat  outpu ts enabled, cool outputs dis-
abled.

• You can  program each  cont rol output  individually for  
on/off, t ime proport ion ing, dist r ibuted zero crossing, or  
Ser ia l DAC cont rol.

• You can  individually program each cont rol ou tput  for  
direct  or  reverse act ion. 

• Alarm outputs other than the globa l a la rm are non-
latch ing.

• Alarms can  be suppressed dur ing process star t  up and 
for  preprogrammed dura t ions. See Ala rm Delay on 
page 103.

• Alarm outputs can be configured as a group as normal-
ly on (low) or  normally off (h igh). See Digita l Ou tput 
Polar ity on Ala rm on page 81.

Typically cont rol and a la rm outputs use externa l opt ically 
isola ted solid sta te relays (SSRs). SSRs accept  a  3 to 32V 
(dc) input  for  cont rol, and some can  switch up to 100 Amps 
a t  480 V  (ac). For la rger  currents, use silicon cont rol rec-
t ifier  (SCR) power cont rollers up to 1000 Amps a t  120 to 
600V  (ac). You can also use SCRs and a Ser ia l DAC for  
phase-angle fired cont rol.

The 34 cont rol and ala rm outputs are open collector  out -
puts referenced to the CLS200’s common. Each output  
sinks up to 60 mA  (dc) to the cont roller  common when on.

F igure 2.23 shows sample heat , cool and ala rm output  con-
nect ions.

+- +- +-



The CPU watchdog t imer constant ly monitors the micro-
processor. It  is a sink outpu t located on TB50 termina l 6 or  
TB18 termina l 3. The output  can be connected to an exter-
na l circu it  or  device in  order to determine if the controller  
is powered and opera t iona l. Do not  exceed 5V (dc), 10 
mA  (dc) rat ing for  the watchdog output . The output  is low 
(on) when the microprocessor is operat ing; when it  stops 
opera t ing, the output  goes h igh  (off). 

F igure 2.25 and F igure 2.26 show the recommended circu it  
for  the watchdog t imer output  for  the TB50 and the TB18.

All digita l inputs are t ransistor-t ransistor  logic (TTL) level 
inputs referenced to cont rol common and the in ternal +5V 
power supply of the CLS200.

When an input  is connected to the cont roller  common, the 
input  is considered on. Otherwise, the input  is considered 

+- +- +-



off. Most features that  use the digita l inputs can  be user -
configured to act ivate when an input  is either  on or  off.

In  the off sta te, in ternal 10 k resistors pull the digita l in-
puts h igh to 5V  (dc) with  respect  to the cont roller  com-
mon.

To ensure that  the inputs are reliably switched, use a 
switch ing device with  the appropr ia te impedances in  the on 
and off sta tes and do not  connect  the inputs to external 
power sources.

When off, the swich ing device must  provide an impedance 
of a t  least  11 kΩ to ensure that  the voltage will r ise to 
greater  than 3.7V (dc). When on, the switch must  provide 
not  more than 1 kΩ impedance to ensure the voltage drops 
below 1.3V  (dc).

To insta ll a  switch as a  digita l input , connect  one lead to the 
common termina l on the TB50 (termina ls 3 and 4) or  TB18 
(termina l 2). Connect  the other  lead to the desired digita l 
input  terminal on the TB50 (termina ls 43 to 50) or  TB18 
(termina ls 16 to 18).

Use digita l inputs to act iva te the following funct ions:

• Load a  job tha t  is stored in  cont roller  memory. See J ob 
Select Digita l Inputs on page 76.

• Change all loops to manual mode at  specified output 
levels. See Output Overr ide Digita l Input on page 77.

• Enable thermocouple short  detect ion. See Process 
Power  Digita l Input on page 79.

• Restore cont rol au tomat ica lly a fter  a  fa iled sensor has 
been repa ired. See Restore PID Digita l Input on pa ge 92.



1 The indicated outputs are dedicated for control when enabled in 
the loop setup. If one or both of a loop’s outputs are disabled, the 
corresponding digita l outputs become available for  a larms or  
ramp/soak events.

2 If you insta ll a  Wat low Anafaze Ser ia l DAC, the CLS200 ser ies 
controller uses digita l output  34 for  a clock line. You cannot use 
output  34 for  anything else when you have a Seria l DAC insta lled.



1 The indicated outputs are dedicated for control when enabled in 
the loop setup. If one or both of a loop’s ou tputs are disabled, the 
corresponding digita l outputs become available for  a larms or  
ramp/soak events.
2 If you insta ll a  Wat low Anafaze Seria l DAC, the cont roller  uses 
digita l output  34 (terminal 10) for  a clock line. You cannot  use out-
pu t  34 for  anything else when you have a Seria l DAC insta lled.



1 The indicated outputs are dedicated for con trol when enabled in 
the loop setup. If one or  both of a loop’s outputs are disabled, the 
corresponding digita l outputs become available for  a larms or  
ramp/soak events.

2 If you insta ll a  Wat low Anafaze Seria l DAC, the cont roller  uses 
digita l output  34 (terminal 10) for a clock line. You cannot  use ou t-
put  34 for anything else when you have a Seria l DAC insta lled.



Analog outputs can be provided by using a  Dua l DAC or Se-
r ia l DAC module to convert  the open collector  outputs from 
the con troller . Use mult icolored st randed sh ielded cable for  
ana log outputs. Ana log outputs generally use a  twisted 
pa ir  wir ing. The following sect ions descr ibe how to connect  
the Dua l DAC and Ser ia l DAC modules to power  the con-
t roller  outputs and the load.

A Dua l DAC module includes two ident ica l circu its. Each 
can convert  a dist r ibu ted zero-cross (DZC) signa l from the 
cont roller  to a  voltage or  cur rent  signa l. Wat low Anafaze 
st rongly recommends using a power supply separate from 
the cont roller  supply to power the Dual DAC. Using a  sep-
ara te power supply isola tes the cont roller ’s digita l logic cir -
cu its and ana log measurement circu its from the frequent ly 
noisy devices tha t  take the ana log signa l from the Dual 
DAC.

Severa l Dual DAC modules may be powered by one power 
supply. Consult  the Specifica tions chapter  for  the Dual 
DAC’s power requirements. Also note in  the specificat ions 
tha t  the Dua l DAC does not  carry the same indust ry ap-
provals as the Ser ia l DAC.
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The Ser ia l DAC provides a robust  ana log output  signal. 
The module conver ts the propr ietary Ser ia l DAC signal 
from the cont roller ’s open collector  output  in  conjunct ion 
with  the clock signal to an analog cur rent  or  voltage. See 
F igure 2.30 for  wir ing. The Ser ia l DAC is user -configurable 
for  voltage or  cur rent  output  through firmware configura-
t ion. See Configur ing Ser ia l DAC Outputs on  page 188.

The Ser ia l DAC opt ica lly isola tes the cont roller ’s cont rol 
output  from the load. When a single Ser ia l DAC is used, it  
may be powered by the 5V dc) found on the TB50, or  by 
an external supply referenced to the cont roller 's power sup-
ply. When using mult iple Ser ia l DACs, the con troller  can-
not  provide sufficient  current ; use the 5Vdc) outpu t from 
the CLS200 power  supply
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The CLS200 ser ies cont rollers are factory-configured for 
E IA/TIA-232 communica t ions unless otherwise specified 
when purchased. However, the communica t ions are jump-
er -selectable, so you can switch between EIA/TIA-232 and 
E IA/TIA-485. See Changing Communica tions on  page 179.

E IA/TIA-232 provides communica t ion to the ser ia l por t  of 
an IBM PC or compat ible computer . It  is used for  single-
cont roller  insta llat ions where the cable length does not ex-
ceed 50 feet  (15.2 m). 

The EIA/TIA-232 in ter face is a  standard three-wire in ter-
face. See the table below for  connect ion in format ion.

If you are using EIA/TIA-232 communica t ions with  
grounded thermocouples, use an opt ica l isolator  between 
the cont roller  and the computer  to prevent  ground loops.

Table 2.8  shows E IA/TIA-232 connect ions for  25-pin and 9-
pin connectors or  cables tha t  a re supplied by the factory.

E IA/TIA-232 may be used to connect  a computer  through a 
232/485 conver ter , to an EIA/TIA-485 communicat ions net-
work with  up to 32 CLS200 cont rollers.

-

+



Some software programs and some operator  in ter face ter-
mina ls require a  Clear  to Send (CTS) signal in  response to 
their  Request  to Send (RTS) signa l, or  a  Data  Set  Ready 
(DSR) in  response to their  Data  Terminal Ready (DTR). 
The CLS200 is not  configured to receive or  t ransmit  these 
signa ls. To use such  software with  the CLS200, jumper the 
RTS to the CTS and the DTR to the DSR in the DB connec-
tor . Table 2.9 lists the standard pin assignments for DB-9 
and DB-25 connectors.

Cables manufactured by Wat low Anafaze for  EIA/TIA-232 
commun ica t ions include these jumpers. Neither  AnaWin 
nor  Anasoft  software requires these jumpers.
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To communicate with  more than one CLS200 ser ies con-
t roller  on a cont roller  network, or  to use communica t ion ca-
ble lengths greater  than 50 feet  (15.2 m) from PC to 
cont roller , you must  use E IA/TIA-485 communica t ions. 

When using EIA/TIA-485 communica t ions, you must  a t -
tach an opt ica lly isolated EIA/TIA-232 to EIA/TIA-485 con-
verter  to the computer .

F igure 2.32 and F igure 2.33 show the recommended system 
wir ing. To avoid ground loops, use an  opt ica lly isola ted 
E IA/TIA-232 to EIA/TIA-485 converter  between the com-
puter  and the EIA/TIA-485 network.

Wat low Anafaze recommends Belden 9843 cable or  its 

equivalent . Th is cable includes three 24 AWG (0.2 mm2) 
sh ielded, twisted pairs. It  should car ry signals of up to 
19.2k baud with  no more than  acceptable losses for  up to 
4,000 feet (1,220 m).

Walow Anafaze recommends tha t  you use a  single daisy 
chain configura t ion ra ther than  spurs. Run a twisted-pair  
cable from the host  or  the conver ter  to the first  CLS200, 
and from tha t point  run  a second cable to the next  CLS200, 
and so on. (See F igure 2.33.) 

If necessary for  servicing, instead of connect ing each con-
t roller  direct ly in to the next , insta ll a  terminal st r ip or  con-
nector  as close as possible to each CLS200, run a 
communica t ions cable from one termina l str ip to the next 
and connect  the cont rollers to the bus with  short  lengths of 
cable.



To avoid unacceptable in ter ference, use less than 10 feet
(3 m) of cable from the terminal or  connector  to the CLS200 
ser ia l por t .

Some systems may exper ience problems with  sensor  signal 
reading if the commons of mult iple cont rollers are connect -
ed. See Signa l Common on page 48.

Refer  to Termina tion on page 48 for  more on terminat ing 
resistors.

Connect  the sh ield dra in to earth ground only a t  computer  
or  host  end.

.

For usual insta lla t ions, do not  connect  the dc commons of 
the cont rollers together or  to the converter  or  host  device. 
Use an opt ica lly isolat ing E IA/TIA-232-to-485 conver ter  to 
prevent  problems with  sensor readings.

In  order  for  EIA/TIA-485 signa ls to be t ransmit ted proper-
ly, each pa ir  must  be proper ly terminated. The va lue of the 
terminat ion resistor  should be equa l to the impedance of 
the communica t ions cable used. Va lues are typica lly 150 to 
200 Ω.

The receive lines at  the converter  or  host  device should be 
terminated in  the conver ter , the connector  to the host  de-
vice or  the device itself. Typica lly the conver ter  documenta-
t ion provides inst ruct ions for  terminat ion.

Use a terminat ing resistor  on the receive lines on the last  
cont roller  on the 485 line. Set J U1 inside the CLS200 in  po-
sit ion B to connect  a  200 Ω resistor  across the receive lines. 
Refer  to Changing Communica tions on page 179.
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In  order  for  an EIA/TIA-232-to-485 conver ter  to opt ically 
isola te the computer  from the 485 network, the 232 and 485 
sides must  be powered independent ly. Many 232-to-485 
conver ters can be powered by the computer ’s commun ica-
t ions port . Some computers, laptops in  part icu lar , do not  
automat ically provide the appropr ia te voltages. These com-
puter /conver ter  combinat ions can usua lly be used by con-
nect ing an externa l power  supply to the 232 side of the 
conver ter . Not  a ll conver ters have power inputs for  the 232 
side, however.





This chapter  expla ins how to use the keypad and display to 
opera te the cont roller . F igure 3.1 shows the operator  
menus and displays accessible from the front  panel. 

To change globa l parameters, loop inputs, con trol parame-
ters, outputs, and a larms using the setup menus, see Chap-
ter  4, Setup.



The CLS200 front  panel provides a  convenient  in ter face 
with  the cont roller . You can use the front  panel keys to pro-
gram and opera te the CLS200.

WATLOW ANAFAZE CLS200



Press  to:

• Select  a  menu or  parameter

• Answer   to the flashing ? prompts

• Increase a  va lue or  choice when edit ing

• Stop scanning mode

Press  to:

• Skip a  menu or  parameter when the prompt is blink ing

• Answer   to the flashing ? prompts

• Decrease a  value or  choice when edit ing

• Stop scanning mode

• Per form a  -key reset

Press  to:

• Cancel edit ing

• Return to a previous menu

• Switch between bar graph , single loop and job displays

• Stop scanning mode

Press  to:

• Store data  or  a parameter  choice a fter  edit ing and go 
to the next  parameter

• Star t  scanning mode (if pressed twice)

 (up)

 (down)

 



Press  to change the loop setpoint

Press  to:

• Toggle a loop between manua l and automat ic cont rol

• Adjust  the output  power  level of manual loops

• Automat ica lly tune the loop

If your cont roller  has the ramp/soak opt ion, press 
 to:

• Assign a  ramp/soak profile to the cur rent  loop

• Select  the ramp/soak mode

• See the status of a running profile

Your  cont roller  may not  have the ramp/soak opt ion. If it  
does not , pressing the  key displays the message 
OPTION UNAVAILABLE.

Press  to:

• Acknowledge an a la rm condit ion

• Reset  the global a la rm output



This sect ion discusses the cont roller ’s main displays: bar  
graph , single loop and job. 

On power up, the cont roller  displays general symbolic in-
formation for  up to eight  loops. This screen is called the bar 
graph  display. The diagram below shows the symbols used 
in  the bar  graph display.

Table 3.1  expla ins the symbols you see on the top line of 
the bar  graph display. These symbols appear  when the con-
t roller  is in  dual output  mode (heat  and cool outputs en-
abled) and single outpu t mode (heat or  cool outpu ts 
enabled, but  not  both).

<

>

SKIP

F

ALARM

01> >    <  < 08
   AAAA  MAMA



Table 3.2  expla ins the cont rol status symbols on the bot -
tom line of bar  graph display. Addit iona l symbols may ap-
pear with  the ramp/soak opt ion . See Ba r Graph  Display on  
page 146.

When the bar graph display is visible:

• Press the (up) or   (down) key to see a new group 
of loops.

• Press  twice to scan a ll groups of loops. The 
groups will display sequent ia lly for  three seconds 
each. This is ca lled scann ing mode. 

• Press any key to stop scanning.

• Press  once to go to the job display, if enabled, or  
the single loop display.

M MAN

A AUTO

T TUNE

H
T

HEAT

C
L

COOL

SKIP



The single loop display shows detailed in format ion for  one 
loop a t a  t ime.

The cont rol sta tus indicator  shows MAN, AUTO or  TUNE 
modes. 

If both cont rol outputs for  a  loop are enabled and the loop 
is in  automat ic cont rol, then the single loop display shows 
HEAT or  COOL as the cont rol sta tus:

In  the single loop display:

• Press  to go to the next  loop.

• Press  to go to the previous loop.

• Press  once to go to the job display (if enabled) or  
bar  graph display.

• Press  twice to sta r t  the single loop scanning dis-
play. The single loop scanning display shows in forma-
t ion for  each loop in  sequence. Data  for  each loop 
displays for  one second. 

• Press any key to stop scanning.

ALARM

02 160˚F
180AUTO100

ALARM

02 160˚F    0
180HEAT100



If a  process, devia t ion, fa iled or  system sensor a larm oc-
curs, the cont roller  switches from any Single Loop display 
or  Bar Graph display to the Single Loop display for  the loop 
with  the ala rm. The globa l a larm output  turns on and a 
two-character  a la rm code appears in  the lower left  corner  
of the Single Loop display. If the alarm is for  a  fa iled sen-
sor, a short  message appears in  place of the process var i-
able and units. Cont rol outputs associated with  fa iled 
sensors are set  to the va lue of the SENSOR FAIL HT/CL 
OUTPUT % parameter  (default , 0%). The ala rm code blinks 
and displays cannot  be changed unt il the a larm has been 
acknowledged. Once the a la rm is acknowledged, the ala rm 
code stops blinking. When the condit ion that  caused the 
a la rm is corrected, the ala rm messages disappear. 

Alarms that  st ill exist  but  have been acknowledged are dis-
played on the Bar Graph display. A let ter  or  symbol indi-
cates the a la rm condit ion.  See Table 3.3 on page 59 for  a 
fu ll list  of a la rm codes, fa iled sensor messages and alarm 
symbols.

ALARM

180 °F

180AUTO

02

LP

ALARM

03   T/C BREAK
FS   25MAN   0

ALARM

01 F 08
AAAA MAMA



Table 3.3 shows the symbols used in  each form of the a la rm 
display.

Press  to acknowledge the a larm. If there are 
other  loops with  a la rm condit ions, the Alarm display 
switches to the next  loop in  a la rm. Acknowledge all a larms 
to clear  the globa l a la rm digita l output  (the keypad and dis-
play won't  work for  anyth ing else unt il you acknowledge 
each a la rm). The a la rm symbols are displayed as long as 
the a larm condit ion is valid.

FS F T/C BREAK

RO F RTD OPEN

RS F RTD SHORTED

RT F REVERSED TC

ST F T/C SHORTED

HP >

HD >

LP <

LD <

AW



When a system a larm occurs, the globa l a la rm ou tput  turns 
on and an ala rm message appears on the display. The mes-
sage cont inues to be displayed unt il the er ror  condit ion is 
removed and the a larm is acknowledged. The CLS200 can 
display the following system a larms:

• BATTERY DEAD
 See Battery Dead on page 168.

• LOW POWER
See Low Power on page 168.

• AW
See Ambient Warning on page 168.

• H/W FAILURE: AMBIENT
See H/ W Ambient Fa ilure on page 169.

• H/W FAILURE: GAIN
 See H/ W Ga in or  Offset Fa ilure on page 170.

• H/W FAILURE: OFFSET
See H/ W Gain or  Offset Fa ilure on page 170.

The job display appears only if:

• You  have enabled JOB SELECT DIG INPUTS . (See 
Load Setup From J ob on page 75.) 
– and –

• You have selected a job from the job load menu.

After  loading a job using the LOAD SETUP FROM JOB 
menu, the job display shows you the following screen:

If parameters are modified while the job is running, th is 
screen will display:

If the job was loaded using digita l inputs, the display 
shows: 

ALARM

JOB 3 RUNNING

ALARM

JOB 3 RUNNING
DATA MODIFIED

ALARM

JOB 3 RUNNING
REMOTELY LOADED



Select  the single loop display for  the loop you want  to 
change. Press CHNG SP. Th is display appears:

• Press  to change the setpoint .

Press the up or  down keys ( or ) to increase or  de-
crease the setpoint  va lue.

• Press  to save your changes and return to single 
loop display.
– or  –
Press  or   (without  pressing ) to return to 
single loop display without  saving the new setpoint . 

If you set  the cont rol sta tus to , the cont roller  auto-
mat ica lly cont rols the process according to the configu ra-
t ion in format ion you give it . 

If you set  the cont rol sta tus to , you need to set  the out -
put  level. 

If you set  the cont rol sta tus to , the cont roller  per forms 
an au totune and chooses PID parameters.

1. Switch to the single loop display for  the loop.

2. Press .

3. Press  to change the mode
– or  –
if the mode is , press  to set the output  power.

ALARM

01   SETPOINT ?
25 ° F

ALARM

MAN/AUTO CONTROL
OUTPUTS DISABLED



Go to the next  subsect ion, Manua l Output Levels.
– or  –
press  if in  to cancel and remain in   mode.

4. Select  a  mode by pressing the up or  down key or
 to scroll through the modes.

5. Press  to make the mode change
– or  –
press to return to the single loop display without
saving the new mode set t ing. 

6. If you  set the loop to manua l, you are prompted for  the
ou tput  power . Go to Manua l Output Levels below.

If the loop to is set to manual con trol, the cont roller  
prompts for  outpu t levels for  the enabled cont rol outputs. 
Use th is menu to set  the manua l heat  and cool outpu t lev-
els. You should see a  display like th is:

1. Press  to change the ou tput  power  level. (If the heat
outputs are enabled, you will be able to change the
heat  output  power  level. If on ly the cool outputs are
enabled, you  will be able to change only the cool ou tput
power level.)
– or  –
Press  to go to the cool output , if ava ilable, and then
press  to change the cool output .

2. Press up or  down  or  to select  a  new output
power level.

3. Press  to store your changes
– or  –
press  to discard your  changes and return to sin-
gle loop display.

4. Repeat  from Step 1 for  the cool outpu t, if ava ilable.

5. Press  a t  any t ime to discard your  changes and
return to single loop display.

Au totuning is a  process by which  a  cont roller  determines 
the cor rect PID parameters for  opt imum cont rol. Th is sec-
t ion expla ins how to au totune the CLS200.

Before autotuning the cont roller , it  must  be insta lled with  
cont rol and sensor circu it ry and the thermal load in  place. 

ALARM

01 SET HEAT 
OUTPUT? 90%



It  must  be sa fe to operate the thermal system, and the ap-
proximate desired operat ing tempera ture (setpoint ) must  
be known.

The technician or  engineer performing the autotune should 
know how to use the cont roller  front  panel or  MMI software 
in ter face (e.g., AnaWin or  Anasoft ) to do the following:

1. Select  a  loop to operate and monitor .

2. Set  a loop’s setpoint .

3. Change a loop’s cont rol status ( , , ).

4. Read and change the cont roller ’s global and loop setup
parameters.

Autotuning is per formed a t the maximum allowed ou tput . 
If you have set  an output  limit , autotuning occurs a t  tha t  
value. Otherwise, the cont rol output  is set  to 100% during 
the autotune. Only the heat  output  (output  1) of a  loop may 
be autotuned.

The PID constants are ca lcu lated according to process’s re-
sponse to the output . The loop need not  reach or  cross set -
point  to successfu lly determine the PID parameters. While 
autotuning the con troller  looks at  the delay between when 
power is applied and when the system responds in  order  to 
determine the proport iona l band (PB). The cont roller  then 
looks for  the slope of the r ising tempera ture to become con-
stan t in  order  to determine the in tegral term (TI). The de-
r iva t ive term (TD) is der ived mathemat ically from the TI.

When the cont roller  has fin ished autotuning, the loop’s 
cont rol sta tus switches to . I f the process reaches 75% 
of the setpoint  or  the autotuning t ime exceeds ten  minutes, 
the controller  switches to  and applies the PID con-
stan ts it  has ca lcu la ted up to that  point .

The Wat low Anafaze autotune is star ted at  ambient  tem-
pera ture or  a t  a tempera ture above ambient . However, the 
tempera ture must be stable and there must  be sufficient  
t ime for  the cont roller  to determine the new PID parame-
ters.

The following procedure expla ins how to au totune a  loop: 

1. Select  the single loop display of the loop to be tuned.



2. Ensure the loop’s process var iable is stable and the
loop is in   cont rol status.

3. Set  the setpoint  to a value as near  the normal opera t-
ing temperature as is safe for  the system.

4. Use the three-key sequence (
) to access the setup menus. In  the SETUP LOOP

INPUT menu, locate the INPUT FILTER  parameter .
Note the sett ing and then change it  to 0 SCANS. 

5. Press the  key unt il the single loop display appears.

6. Press the  key.

7. Press the  key to toggle to the  mode.

8. Press the  key to begin  tuning the loop. 
flashes throughout  the tun ing process. When tun ing is
completed the cont rol status indica tor  changes to .

9. Adjust  the setpoint  to the desired tempera ture.

10. Restore the INPUT FILTER  pa rameter  to its origina l value.

The CLS200 has three main types of a la rms:

• Fa iled sensor a larms

• Process alarms

• System a larms

You can set  the cont roller  to delay normal a larm detect ion 
and a la rm report ing. There are two kinds of a larm delay:

• Star t-up a la rm delay delays process a larms (but  not  
fa iled sensor a larms) for  a ll loops for  a t ime per iod you 
set  at  the STARTUP ALARM DELAY parameter  in  the 
SETUP GLOBAL PARAMETERS menu.

• Loop a larm delay delays fa iled sensor a la rms and pro-
cess alarms for  one loop unt il the ala rm condit ion  is 
cont inuously present  for  longer than the loop ala rm 
delay t ime you set. 

Failed sensor a larms are affected by the loop ala rm delay 
even dur ing the star t -up a larm delay t ime per iod.



Failed sensor a la rms aler t  you if one of the following condi-
t ions occurs:

• Thermocouple open

• Thermocouple shor ted (must  be enabled)

• Thermocouple reversed (must  be enabled)

• RTD open posit ive input  or  open negat ive input

• RTD short  between the posit ive and negat ive inputs

If a fa iled sensor a larm occurs:

• The cont roller  switches to manua l mode a t  the ou tput  
power indicated by the SENSOR FAIL HT OUTPUT and 
SENSOR FAIL CL OUTPUT parameters in  the SETUP 
LOOP OUTPUTS menu. (The output  power  may be dif-
ferent  for  a thermocouple open alarm; see Thermocou-
ple Open Ala rm on page 65.)

• The cont roller  displays an a larm code and a la rm mes-
sage on the display. See Alarm Displays on page 58.

• The globa l a la rm output  is act ivated.

The thermocouple open alarm occurs if the cont roller  de-
tects a  break in  a thermocouple or  its leads.

If a thermocouple open alarm occurs, the cont roller  switch-
es to manua l mode. The output  level is determined as fol-
lows:

• If the HEAT/COOL T/C BRK OUT  parameter  in  the 
SETUP LOOP OUTPUTS menu is set  to ON, then the con-
troller  sets the output  power to an average of the re-
cent  outpu t.

• If the HEAT/COOL T/C BRK OUT AVG  parameter  is set  
to OFF, then the cont roller  sets the output  to the level 
indica ted by the SENSOR FAIL HT/CL OUTPUT  pa-
rameter  in  the SETUP LOOP OUTPUTS menu.

The thermocouple reversed ala rm occurs if the tempera-
ture goes in  the opposite direct ion and to the opposite side 
of ambient  temperature than expected—for example, a loop 
is heat ing and the measured tempera ture drops below the 
ambient  tempera ture.

The thermocouple reversed a larm is disabled by default . To 
enable th is a la rm, set the REVERSED T/C DETECT param-
eter  in  the SETUP LOOP INPUTS menu to . It  may be dis-
abled if fa lse alarms occur in  your  applica t ion.



The thermocouple short  a larm occurs if the process power 
is on and the tempera ture does not  r ise or  fa ll as expected. 
To enable the thermocouple short  a la rm, you must  do the 
following:

• Choose a  digita l inpu t for  the PROCESS POWER DIGIN 
parameter  in  the SETUP GLOBAL PARAMETERS menu.

• Connect  the digita l input  to a  device tha t  connects the 
input  to cont roller  common when the process power  is 
on.

The RTD open a la rm occurs if the cont roller  detects that  the 
posit ive or negat ive RTD lead is broken or  disconnected.

The RTD shor ted ala rm occurs if the cont roller  detects tha t  
the posit ive and negat ive RTD leads are shorted. 

You do not  have to set  any parameters for  the RTD alarms.

This feature returns a loop to automat ic cont rol a fter  a  
fa iled sensor  is repa ired. To enable th is feature:

• Choose a  digita l input  for  the RESTORE PID DIGIN  
parameter  in  the SETUP LOOP CONTROL PARAMS 
menu.

• Connect  the digita l input  to the dc common terminal 
on the con troller .

The CLS200 has four  process a larms, each of which you can 
configure separa tely for  each loop:

• Low process a larm

• High process ala rm

• Low deviat ion  a la rm

• High devia t ion alarm

To set  up an a larm:

• Set  the a larm setpoint  (limit )

• Set  the a larm type

• Choose an output , if desired

• Set  the a larm deadband

• Set  an alarm delay, if desired

The setpoints, deviat ion a larm values, and deadband all 
use the same decimal format  as the loop’s process var iable.



If a process a larm occurs, the cont roller  does the following:

• Shows an ala rm code on the display.  (See Ala rm Dis-
plays on  page 58.) .

• Act ivates the globa l a la rm output . (See Globa l Alarm 
on page 68.) 

• Act ivates the digita l output  tha t  is assigned to the pro-
cess a larm (if applicable). The digita l output  remains 
act ive unt il the process var iable returns with in  the 
corresponding limit  and deadband. The ala rm output  
deact ivates when the process returns to normal.

Any digita l ou tput  tha t  is not  used as a  cont rol output  can 
be assigned to one or  more process alarms.

The con troller  act ivates the output  if any ala rm assigned to 
the output  is act ive. Process ala rm outputs are non-la tch-
ing—that is, the output  is deact iva ted when the process re-
turns to normal, whether  or  not  the a la rm has been 
acknowledged.

Specify the act ive state of process alarm outputs at  the DIG 
OUT POLARITY ON ALARM set t ing in  the SETUP GLOBAL 
PARAMETERS.

You  can configu re each process a larm as either  a con trol or  
a la rm.

• Alarm configura t ion provides tradit iona l a larm func-
t ionality: The opera tor  must  acknowledge the a la rm 
message on the cont roller  display, a  latch ing globa l 
a la rm is act ivated, and the ala rm can act iva te a  user -
specified non-la tch ing a la rm outpu t.

• Cont rol con figurat ion  provides on/off cont rol output  
using the a larm setpoints. For  example, you could con-
figure a h igh deviat ion a larm to turn on  a  fan. The 
ala rm act iva tes a  user -specified non-la tch ing outpu t. 
Alarm messages do not  have to be acknowledged, and 
the globa l a larm is not  act iva ted.

A h igh process a la rm occurs if the process var iable r ises 
above a user-specified value. A low process a larm occurs if 
the process var iable drops below a separa te user -specified 
value. See F igure 3.9.

Enter  the a la rm h igh  and low process setpoints a t  the HI 
PROC ALARM SETPT and LO PROC ALARM SETPT param-
eters in  the SETUP LOOP ALARMS menu.



A devia t ion alarm occurs if the process deviates from set-
point  by more than a  user-specified amount . (See F igure 
3.9.) Set  the devia t ion with  the DEV ALARM VALUE param-
eter  in  the SETUP LOOP ALARMS menu.

Upon power  up or  when  the setpoint  changes, the behavior 
of the devia t ion ala rms depends upon the alarm funct ion:

• If the a la rm type parameter  is set  to , then de-
via t ion a la rms do not  act iva te unt il the a fter  the pro-
cess var iable has first  come with in  the devia t ion a larm 
band. This prevents nuisance alarms.

• If the a la rm type parameter  is set  to CONTROL, then 
the devia t ion output  switches on whenever the set -
point  and process var iable differ  by more than the de-
via t ion set t ing, regardless of whether the process vari-
able has been with in  the deviat ion  band. This a llows 
you to use boost  cont rol upon power  up and setpoint  
changes.

The CLS200 comes equipped with  a globa l a la rm output . 
The global output  is act ivated if one or  more of the follow-
ing condit ions occurs:

• A system alarm occurs, or

• A fa iled sensor  a la rm occurs and is unacknowledged, 
or



• A process a larm occurs and is unacknowledged. The 
global a larm occurs only if the ala rm type is set  to 
ALARM in  the SETUP LOOP ALARMS menu. (The globa l 
a la rm does not occur  if the a la rm funct ion is set  to 
CONTROL.)

The global a la rm output  stays act ive unt il a ll a la rms have 
been acknowledged.

When the global a la rm output  is act ive, it  conducts cur rent  
to the cont roller ’s dc common. When the globa l a la rm out -
put  is not act ive, it  does not  conduct curren t.

 DIG OUT
POLARITY ON ALARM
SETUP GLOBAL PARAMETERS

If you have a cont roller  without the Ramp/Soak opt ion, 
pressing the  key has no effect . 

If you have a cont roller  with  th is opt ion insta lled, see 
Chapter  7, Ramp/ Soak.





The setup menus let  you change deta iled configurat ion in-
formation. Th is sect ion descr ibes how to set  up the cont rol-
ler  from menus in  the cont roller  firmware. The following 
in format ion is included in  th is chapter :

• Accessing the setup menus

• Changing parameter  set t ings

• Descr ipt ion of cont roller  parameters

If you have not  set  up a  CLS200 ser ies cont roller  before, or  
if you do not  know what values to enter , please read Chap-
ter  8, Tuning and Control, wh ich conta ins PID tun ing con-
stan ts and usefu l star t ing va lues.

Use the three-key sequence to enter  the setup menus:

1. Select  the single loop display for  the loop you wish to
edit .

2. Press then then  to access
the setup menus. Do not press these keys at  the same
time; press them one at  a t ime.

3. The first  setup menu appears.

To prevent  unauthor ized personnel from accessing setup 
parameters, the con troller  rever ts to the single loop display 
if you do not  press any keys for  three minu tes.



To change a  parameter , first  select  the appropr iate menu, 
then the parameter .

When you enter  the setup menus, the first  menu is SETUP 
GLOBAL PARAMETERS. Refer  to F igure 4.1 for  a  list ing of 
a ll top level menus and their  rela ted parameters.

1. Select  the single loop display for  the loop to set  up.

2. Enter  the three-key sequence. (See How to Access the
Setup Menus on page 71.) The first  menu is displayed:
SETUP GLOBAL PARAMETERS.

3. To select  the appropr ia te menu:

• Press  to move from one menu to the next. The
menus wrap around; pressing  cont inuously
advances through the top level menus.

• Press  to enter  the displayed menu.

4. To select  the parameter  to be edited:

• Press  to advance from one parameter  to the
next . Parameters do not  wrap around.

• Press  to edit  the displayed parameter .

5. To edit  the parameter  set t ing:

• Press up or  down (  or  ) to scroll to the value
or choice you want  to select .

• Press  to accept  the change
- or  -
press  to cancel the change without  saving.

6. Select  another parameter  and repeat from step 4, or
press  to return to the top level menu. 

7. Select  another menu and repeat  from step 3, 
- or  -
press  to exit  the setup menus.

The following sect ions tell more about  the parameters for 
each of the six top level menus. Each display illust ra t ion 
contains the default  va lue for  that  specific parameter . If 
you have a  cont roller  with  the enhanced fea tures opt ion , 
there will be addit iona l menus. (See Chapter  6, Enhanced 
Fea tures.)

F igure 4.1 shows the top level menus accessible from the 
single loop display.
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feature is insta lled, refer  to Chapter  6, En-
hanced Fea tures, or  Chapter  7, Ramp/ Soak 
for  addit iona l menus.



Table 4.1 shows the parameters available in  th is menu. 

* The RAMP/SOAK TIME BASE parameter  appears only if the ramp/soak 
feature is insta lled.

LOAD SETUP FROM JOB? 1

SAVE SETUP TO JOB? 1

JOB SELECT DIG INPUTS? NONE

JOB SEL DIG INS ACTIVE? LOW

OUTPUT OVERRIDE DIG INPUT? NONE

OVERRIDE DIG IN ACTIVE? LOW

STARTUP ALARM DELAY? 0 MINS

RAMP/SOAK TIME BASE? HOURS/MINS

KEYBOARD LOCK STATUS? OFF

POWER UP OUTPUT STATUS? OFF

PROCESS POWER DIGIN? NONE

CONTROLLER ADDRESS? 1

COMMUNICATIONS BAUD RATE? 9600

COMMUNICATIONS PROTOCOL? ANA

COMMUNICATIONS ERR CHECK? BCC

AC LINE FREQ? 60 HERTZ

DIG OUT POLARITY ON ALARM? LOW

CLS200 

ALARM

SETUP GLOBAL
PARAMETERS



Load any one of eight  jobs saved in  bat tery-backed RAM.

Se lec t a b le  va lu es: 1 to 8

The following parameters are loaded for  each loop as par t 
of a  job:

• PID constan ts, filter  set t ings, setpoints and spread 
va lues.

• Loop cont rol sta tus (au tomat ic or  manua l) and output  
va lues (if the loop is in  manua l cont rol)

• Alarm funct ion (off, a la rm cont rol) setpoints, h igh/low 
process setpoin ts, h igh/low devia t ion setpoints and 
deadband set t ings, and loop a la rm delay.

If you have enabled the remote job select funct ion (see J ob 
Select Digita l Inputs on page 76), you will not be able to 
load a job. If you t ry, you will see th is message:

Save the job in format ion for  every loop to one of eight  jobs 
in  the bat tery-backed RAM.

Se lec t a b le  va lu es: 1 to 8

If you have enabled the remote job select funct ion (see J ob 
Select Digita l Inputs on page 76), you will not be able to 
save a job. If you t ry, you will see th is message:

ALARM

LOAD SETUP
FROM JOB? 1

ALARM

CANNOT LOAD JOB
REMOTE SELECT ON

ALARM

SAVE SETUP
TO JOB? 1

ALARM

CANNOT SAVE JOB 
REMOTE SELECT ON



Set the number of job select  inputs. The cont roller  uses 
these inputs as a binary code that  specifies the job number 
to run. The number  of inputs you choose in  th is parameter  
cont rols the number of jobs you  can select  remotely.

If you select  NONE, digita l inputs do not  a ffect  job select ion. 
J obs may be loaded and saved using the LOAD SETUP FROM 
JOB and SAVE SETUP TO JOB parameters.

Se lect a b le  va lu es: 1, 2 or  3 inputs, or  NONE. These choices 
have the following effect :

Table 4.3 shows which input sta tes select  which jobs. When 
noth ing is connected, the inputs are all fa lse and job 1 is se-
lected.

1

2

3

NONE

ALARM

JOB SELECT
DIG INPUTS? NONE



Specify which sta te is considered “t rue” for  the digita l in-
puts used for  job select ion. Default  is LOW, meaning that  an 
input  must  be pu lled low to be considered t rue. If HIGH is 
selected, an  inpu t will be considered t rue unless it is pu lled 
low.

Se lec t a b le  va lu es: HIGH or  LOW.

Changing th is set t ing has the effect  of reversing the order  
of the jobs in  Table 4.3.

To enable the outpu t overr ide fea ture, select  a digital in-
put . When the specified input  is act ivated, the controller  
sets a ll loops to manual mode a t  the output  levels specified 
a t  the SENSOR FAIL HT OUTPUT and SENSOR FAIL CL 
OUTPUT parameters in  the SETUP LOOP OUTPUTS menu.

Se lect a b le  va lu es: NONE or  input  number  1 to 8.

Use the next  parameter , OVERRIDE DIG IN ACTIVE , to set  
the signa l sta te tha t  act iva tes the output  over r ide fea ture.

Specify whether  a  low or  h igh signa l act iva tes the output  
overr ide fea ture (see OUTPUT OVERRIDE DIG INPUT 
above).

Se lec t a b le  va lu es: HIGH or  LOW.

ALARM

JOB SEL DIG INS
ACTIVE ? LOW

ALARM

OUTPUT OVERRIDE
DIG INPUT? NONE

ALARM

OVERRIDE DIG IN
ACTIVE ?  LOW



You can set  the input  to be act ive when low or  act ive when 
h igh. When the input  selected for  OUTPUT OVERRIDE DIG 
INPUT changes to the specified sta te, a ll the loop’s outputs 
are set to their  sensor fa il levels. 

Set a sta r tup delay for  process and devia t ion ala rms for  a ll 
loops. The cont roller  does not  report  these ala rm condit ions 
for  the specified number of minutes after  the cont roller  
powers up. This feature does not  delay fa iled sensor 
a la rms.

Se lect a b le  va lu es: 0 to 60 minutes.

Set th is parameter  to ON to disable the  
and  keys on the keypad. If the keys are dis-
abled, pressing them has no effect . If you want  to use these 
funct ions, turn off the keyboard lock.

Se lect a b le  va lu es: ON or  OFF.

Set the in it ia l power -up state of the cont rol outputs. If you 
choose OFF, a ll loops are in it ia lly set  to manua l mode at  0% 
output . If you choose MEMORY, the loops are restored to the 
cont rol sta tus and output  va lue pr ior  to power ing down.

See In Case of a  Power Fa ilure on page 152 for  in format ion 
about  how th is feature a ffects ramp/soak profiles.

ALARM

STARTUP ALARM
DELAY ?  0 MINS

ALARM

KEYBOARD  LOCK
STATUS  ?  OFF



 Se lect a b le  va lu es: OFF or  MEMORY.

To enable the thermocouple shor t  detect ion feature, select  
a  digita l input  (1 to 8). Connect  the specified inpu t to a  de-
vice that  pu lls the input  low when the process power is on. 
A short  is indica ted when the process power is on  and the 
tempera ture does not  r ise as expected.

If the cont roller  determines tha t there is a  thermocouple 
short , it  sets the loop to manua l mode a t the power  level set  
for  the SENSOR FAIL HT OUTPUT or  SENSOR FAIL CL 
OUTPUT parameter  in  the SETUP LOOP OUTPUTS menu. 

Se lec t a b le  va lu es: 1 to 8, or  NONE.

Set  the communica t ions address for  the cont roller . On an 
E IA/TIA-485 communica t ion loop, each cont roller  must  
have a  unique address. Begin with  address 1 for  the first  
cont roller  and assign each subsequent  cont roller  the next 
h igher address. 

Se lec t a b le  va lu es: 1 to 247 . When using one cont roller  
with  Anasoft , select  address 1. When using mult iple con-
t rollers with  Anasoft , use consecut ive addresses from 1 to 
16 on ly.

ALARM

POWER UP OUTPUT
STATUS  ?  OFF

ALARM

PROCESS POWER
DIGIN  ?  NONE

ALARM

CONTROLLER
ADDRESS  ?  1



Set the communicat ions baud ra te. 

Se lect a b le  va lu es: 9600 , 2400  or  19200 .

Set the communica t ions protocol. Choose the cor rect  proto-
col for  the software or  device with  which the cont roller  will 
commun ica te. You must  switch power  to the cont roller  off, 
then back on, to make a change to th is parameter  take ef-
fect .

Se lect a b le  va lu es:  MOD (Modbus RTU), ANA (Anafaze), AB 
(Allen Bradley).

If you selected the ANA or  AB communicat ions protocol, set  
the data  check a lgor ithm for  CLS200 communicat ions.

CRC (Cyclic Redundancy Check) is a more secure er ror  
checking algor ithm than BCC, but  it  requ ires more ca lcu-
la t ion t ime and slows commun ica t ions. BCC (Block Check 
Character ) ensures a h igh degree of communicat ions in teg-
r ity. We recommend BCC unless your applica t ion requires 
CRC.  

Se lec t a b le  va lu es: BCC or  CRC.

ALARM

COMMUNICATIONS
BAUD RATE ? 9600

ALARM

COMMUNICATIONS
PROTOCOL ?  ANA

ALARM

COMMUNICATIONS
ERR CHECK ? BCC



Specify the ac line frequency. Since the cont roller  reduces 
the effect  of power  line noise on the analog measurement by 
in tegrat ing the signal over  the per iod of the ac line frequen-
cy, the cont roller  must know the frequency of power  in  use.

You must  switch power  to the cont roller  off, then back on, 
to make a change to th is parameter  take effect .

Se lec t a b le  va lu es: 50  or  60 Hz.

Set  the polar ity of a ll digita l outputs used for  a larms. I f LOW 
is selected, if an  a la rm occurs the outputs sink to ana log 
common. If HIGH is selected, the outputs sink to common 
when no ala rm is act ive and go h igh when an ala rm occurs.

Se lec t a b le  va lu es: HIGH or  LOW.

Th is parameter  does not  a ffect the Globa l Alarm output  or  
the Watchdog Alarm output .

The display shows the con troller  type, firmware opt ions, 
the firmware version and the EPROM checksum. Table 4.4 
lists the available firmware opt ions. 

ALARM

AC LINE FREQ  ?
60 HERTZ

ALARM

DIG OUT POLARITY ON 
ALARM ?  LOW

ALARM

CLS208-RS
V03.13   CS=ED74



The SETUP LOOP INPUT menu includes parameters
related to the loop input :

• Input  type

• Input  un its

• Input  sca ling and calibrat ion

• Input  filter ing

1 This parameter is available only for  the pulse loop (loop 5 on 
CLS204, loop 9 on CLS208, loop 17 on CLS216).

2 These parameters are available on ly if LINEAR is selected for 
INPUT TYPE .

3 These parameter  is available only if INPUT TYPE  is set  to one of 
the thermocouple or RTD opt ions.

INPUT TYPE? J

LOOP NAME? 01

INPUT UNITS? F

INPUT READING OFFSET? 0  F

REVERSED T/C DETECT? OFF

INPUT PULSE SAMPLE TIME? 1

DISP FORMAT? -999 TO 3000

INPUT SCALING HI PV? 1000

INPUT SCALING HI RDG? 100.0% FS

INPUT SCALING LO PV? 0

INPUT SCALING LO RDG? 0.0% FS

INPUT FILTER? 3 SCANS

ALARM

SETUP LOOP 01
INPUT ?



Specify the type of input  sensor used on th is loop:

• Thermocouple type J , K, T, S, R, B or  E.

• RTD 1 or  RTD 2.

• Linear input . 

• Skip (an input  type available for  unused loops). 
Alarms are not  detected, and the scann ing display 
does not  show loops tha t a re set to SKIP .

• Pulse input  (available only for  loop 5 on CLS204, loop 
9 on CLS208 or  loop 17 on CLS216).

Se lec t a b le  va lu es: See Table 4.6.

J T/C

K T/C

T T/C

S T/C

R T/C

B T/C

E T/C

RTD1

RTD2

PULSE

SKIP

LINEAR

ALARM

01 INPUT
   TYPE ? J T/C



Assign a  two-character  name to the loop. This name is shown 
on  the single loop display in  place of the loop number .

Se lect a b le  va lu es: 0 to 9, A to Z, %, / ,  (degree symbol).

For loops with  temperature sensor input  types, choose a 
tempera ture scale: Fahrenheit  or  Celsius. For a  linear or  
pu lse loop, choose a three-character  descr ipt ion  of the 
loop’s engineer ing units.

Se lect a b le  va lu es: The table below shows the character  
set  for  input  un its.

If the input  type is a  thermocouple or  RTD, specify the off-
set  to correct  for  signal inaccuracy at  a  given point . For ex-
ample, a t  tempera tures below 400˚ F, a type J  
thermocouple may be inaccurate or  “offset ” by several de-
grees. Use an independent  thermocouple or  your  own cali-
bra t ion equipment  to find the offset for  your  equipment .

A posit ive va lue increases the reading and a  negat ive va lue 
decreases it . 

Se lect a b le  va lu es: See Table 4.8. 

ALARM

01 LOOP
   NAME ?   01

ALARM

01 INPUT

   UNITS ?  F

ALARM

01 INPUT READING
OFFSET ?  0˚F



Set  th is parameter  to ON to enable polar ity checking for  
thermocouples. If a  reversed thermocouple is detected, the 
cont roller  sets the loop to manua l cont rol a t  the SENSOR 
FAIL HT OUTPUT  or  SENSOR FAIL CL OUTPUT power level 
and displays the a larm.

Se lec t a b le  va lu es: ON or  OFF.

You  can  connect a  digita l pu lse signal of up to 2 kHz to the 
pulse input . Use th is parameter  to set  the t ime over which 
pulses are counted. The cont roller  counts pulses for  the 
amount  of t ime you set  here before calcu la t ing the frequn-
cy. The cont roller  sca les th is frequency and uses the result -
ing va lue as the process var iable for  the pulse loop. 
Generally, the longer the pu lse sample t ime, the more sta-
ble the process var iable, but  the slower  the response of the 
pulse loop.

This parameter  is available on ly for  loop 5 on  the CLS204, 
loop 9 on the CLS208 or  loop 17 on the CLS216.

Se lec t a b le  va lu es: 1 to 20  seconds.

ALARM

01 REVERSED T/C
DETECT ?   OFF

ALARM

17 INPUT PULSE
SAMPLE TIME ? 1S



The following parameters are only ava ilable if the input  
type is LINEAR or  PULSE. These parameters let  you sca le 
the raw inpu t readings (in  millivolts or  Hertz) to the engi-
neer ing units of the process var iable. 

For linear inputs, the input  reading is in  percent  (0 to 
100%) represen t ing the 0 to 60mV input  range of the con-
t roller . For  pu lse inputs, the input  reading is in  Hertz (cy-
cles per second.) 

The scaling funct ion is defined by two points on a  conver -
sion line. This line rela tes the process var iable (PV) to the 
input  signal. The engineer ing units of the process var iable 
can be any units—the graph in  Figure 4.2 shows PSI as an 
example.

Before you enter  the values determin ing the two points for  
the conversion line, you must  choose an appropr ia te dis-
play format . The cont roller  has six characters ava ilable for  
process display; select  the set t ing with  the desired number  
of decimal places. Use a display format  that  matches the 
range of the process var iable and resolut ion of the sensor. 
The display format  you choose is used for  the process vari-
able setpoint , a larms limits, deadband, spread and propor -
t iona l band.

The process var iable range for  the sca led input  is between 
the process var iable va lues that  cor respond to the 0% and 
100% input  readings. For  the pulse input , it  is between the 
0 Hz and 2000 Hz readings. The process var iable range de-
fines the limits for  the setpoint and a larms. See Figure 4.3.



 

Select  a display format  for  a linear or  pu lse input . Choose 
a  format  appropr ia te for  the input  range and sensor  accu-
racy.

Se lec t a b le  va lu es: The cont roller  has several ava ilable 
display formats, as shown in  Table 4.9. The table a lso 
shows the maximum and min imum process var iable for  
each  display format.

 -9999 TO +30000

  -999 TO +3000

-999.9 TO +3000.0

-99.99 TO +300.00

-9.999 TO +30.000

-.9999 TO +3.0000

ALARM

01 DISP FORMAT ?
  -999  TO  3000



Set a  h igh  process var iable for  inpu t sca ling purposes. The 
h igh process var iable and the h igh reading (HI RDG ) to-
gether define one of the points on the linear  sca ling func-
t ion ’s conversion line. Set  HI PV  to the value you want  
displayed when the signal is at  the level set  for  the h igh 
reading (HI RDG ).

Se lect a b le  va lu es: Any value between the low process 
var iable (LO PV) and the maximum process var iable for  the 
selected display format . See Table 4.9.

En ter  the input  signa l level tha t  corresponds to the high 
process var iable (HI PV ) you entered in  the previous pa-
rameter .

Se lect a b le  va lu es: For  linear  inpu ts, any value between 
-99.9%  and 999.9%  of fu ll sca le, where 100% cor responds 
to 60mV and 0% corresponds to 0mV. For pu lse inputs, any 
value between 0 and 2000 HZ . The h igh reading must  be 
greater  than the low reading (LO RDG).

Set a  low process var iable for  input  scaling purposes. The 
low process var iable and the low reading (LO RDG) together 
define one of the points on the linear sca ling funct ion ’s con-
version line. Set  LO PV to the value you want  displayed 
when the signal is at  the level set  for  the low reading (LO 
RDG). 

Se lect a b le  va lu es: Any va lue between the min imum pro-
cess var iable and the h igh process var iable for  the selected 
display format . See Table 4.9 on page 87.

ALARM

01 INPUT SCALING
HI PV  ?  1000

ALARM

01 INPUT SCALING
HI RDG? 100.0%FS

ALARM

01 INPUT SCALING
LO  PV ? 0



Enter  the inpu t signa l level tha t  corresponds to the low 
process var iable (LO PV) you entered in  the previous pa-
rameter .

Se lec t a b le  va lu es: For  linear  inputs, any value between 
-99.9%  and 999.9%  percent  of fu ll sca le, where 100% cor-
responds to 60mV and  0% corresponds to 0mV. For pu lse 
inputs, any va lue between 0 and 2000 HZ . The low reading 
must  be less than the h igh reading (HI RDG).

The cont roller  has two types of input  filter ing: 

• The reject ion filter  ignores sensor  readings outside the 
acceptance band when subsequen t readings are with in 
the band. For temperature sensors, the band is ±5˚ 
about  the last  accepted reading. For linear  inputs the 
band is ±0.5% of the input  range. This filter  is not  ad-
justable.

• A simula ted resistor-capacitor  (RC) filter  damps the 
input  response if inputs change unrea list ically or  
change faster  than the system can respond. If the in-
put  filter  is enabled, the process var iable responds to 
a step change by going to 2/3 of the actual value within  
the number of scans you set .

Se lec t a b le  va lu es: 0 to 255  scans. 0 disables the filter .

ALARM

01 INPUT SCALING
LO RDG?   0.0%FS

ALARM

01 INPUT FILTER?
   3   SCANS



Use the SETUP LOOP CONTROL PARAMS menu to adjust  
heat  and cool cont rol parameters, including:

• Proport iona l band (PB, or  ga in), in tegral (TI or  reset), 
and der ivat ive (TD, or  ra te) sett ings

• Outpu t filter

• Spread between heat  and cool outputs

The con troller  has separa te PID and filter  set t ings for  heat  
and cool outputs. The screens used to set  these parameters 
are near ly ident ica l. In  th is sect ion, on ly the heat  screens 
are shown and expla ined. The heat  and cool parameters ap-
pear on ly if the corresponding output  is enabled. 

See Setup Loop Outputs Menu on  page 93 for  help enabling 
and disabling heat  and cool outputs.

Table 4.10 shows the parameters available in  the SETUP 
LOOP CONTROL PARAMS menu. 

HEAT CONTROL PB? INPUT TYPE 50

HEAT CONTROL TI?
INPUT TYPE 180 SEC/R

HEAT CONTROL TD? 0

HEAT CONTROL FILTER? 3

COOL CONTROL PB 50

COOL CONTROL TI?
INPUT TYPE 60 SEC/R

COOL CONTROL TD?
INPUT TYPE 0 SECONDS

COOL CONTROL FILTER? 3

SPREAD? 5

RESTORE PID DIGIN?

ALARM

SETUP LOOP 01
CONTROL PARAMS?



Set  the proport iona l band (a lso known as ga in). A la rger 
value yields less propor t ional act ion for  a given deviation  
from setpoint .

Se lec t a b le  va lu es: Dependent  upon sensor type.

The cont roller  in terna lly represents the proport iona l band 
(PB) as a ga in value. When you edit  the proport iona l band, 
you will see the va lues change in  predefined steps; small 
steps for  nar row propor t ional band va lues and la rge steps 
for  wide propor t ional band va lues.

The cont roller  calcu lates the default  proport iona l band for  
each input  type according to the following equat ion:

Set  the in tegral term (a lso known as reset ). A larger va lue 
yields less in tegra l act ion.

Se lec t a b le  va lu es: 0 (off) to 6000  seconds.

Set  the der ivat ive constant . A larger value yields greater  
der iva t ive act ion. 

Se lec t a b le  va lu es: 0 to 255  seconds.

Dampen the response of the heat  or  cool output . The output 
responds to a step change by going to approximately 2/3 of 
its fina l va lue with in  the number  of scans you set  here. A 

ALARM

01 HEAT CONTROL
PB  ?       50

ALARM

01 HEAT CONTROL
TI ?  180 SEC/R

ALARM

01 HEAT CONTROL
TD ?   0



la rger va lue results in  a  slower , or  more dampened, re-
sponse to changes in  the process var iable.

Se lect a b le  va lu es: 0  to 255 . 0 disables the outpu t filter .

For a loop using on/off cont rol, the spread is the cont rol hys-
teresis. This determines the difference between the point  at  
which a  heat  output  turns off as the temperature r ises, and 
the point  a t  which it  turns back on  as the temperature fa lls.

For a  loop using PID cont rol, the spread determines how 
far  the process var iable must  be from the setpoint  before 
the cont roller  can switch from heat ing to cooling. A loop 
will not  switch from heat  to cool or  vice versa unless the 
process var iable deviates from setpoint  by more than the 
spread.

When the loop is using PID cont rol and the spread is set  to 
0, the PID calcu la t ion a lone determines when the heat  or  
cool output  should be on.

Se lect a b le  va lu es: 0 to 255 , 25.5 , 2.55 , .255 ,  or.0255 , 
depending upon the DISP FORMAT sett ing. 

To enable the sensor fa ilure recovery fea ture, select  a  digi-
ta l input  a t  th is parameter . If the specified input is held 
low when the sensor fa ils, the loop returns to automatic 
cont rol a fter  a fa iled sensor  is cor rected.

Se lect a b le  r a n ge : NONE (disable the sensor  fa ilure recov-
ery fea ture), 1 to 8.

ALARM

01 HEAT CONTROL
FILTER ?     3

ALARM

01  SPREAD ?  
           5

ALARM

01 RESTORE PID
DIGIN ?  NONE



Use the SETUP LOOP OUTPUTS menu to:

• Enable or  disable outputs

• Set  ou tput  type

• Set  cycle t ime for  t ime propor t ion ing outputs

• Enter  Ser ia l DAC parameters (for  Ser ia l DAC out -
puts)

• Select  con trol act ion

• Set  ou tput  level limit  and limit  t ime

• Select  sensor  fa il ou tput  (output  overr ide)

• Select  a  non linear output  curve

Table 4.11 shows the parameters available in  the SETUP 
LOOP OUTPUTS menu. Both heat  and cool outpu ts have the 
same parameters; on ly one of each parameter  is shown.

* The SDAC parameters are available only if you select SDAC as 
the output  type. Use these parameters to configure the Ser ia l 
DAC signal output .

HEAT CONTROL OUTPUT? ENABLED

HEAT OUTPUT TYPE? TP

HEAT OUTPUT CYCLE TIME? 10S

SDAC MODE? VOLTAGE

SDAC LO VALUE? 0.00 VDC

SDAC HI VALUE? 10.00 VDC

HEAT OUTPUT ACTION? REVERSE

HEAT OUTPUT LIMIT? 100%

HEAT OUTPUT LIMIT TIME? CONT

SENSOR FAIL HT OUTPUT? 0%

HEAT T/C BRK OUT AVG? OFF

HEAT OUTPUT? LINEAR

COOL CONTROL OUTPUT? DISABLED

ALARM

SETUP LOOP 01
OUTPUTS ?



Enable or  disable the heat  or  cool output  for  the loop. If you 
want  the loop to have a cont rol output , you must  enable a t 
least one output . You can also disable a  heat  or  cool cont rol 
output  and use the output  for  someth ing else, such as an 
a la rm.

Se lect a b le  va lu es: ENABLED or  DISABLED.

Select  the ou tput  type. 

Se lect a b le  va lu es: TP, DZC, SDAC, ON/OFF, 3P DZC. See 
Table 4.12 for  a descr ipt ion of the output  types.

For an expanded descr ipt ion of these output  types, see 
Chapter  8, Tuning and Control.

TP

DZC

SDAC

ON/OFF

3P DZC
DZC

ALARM

01 HEAT CONTROL
OUTPUT ? ENABLED

ALARM

01  HEAT OUTPUT
    TYPE ?  TP



Set  the cycle t ime for  t ime proport ion ing outpu ts. 

This parameter  appears only if the heat  or  cool output  type 
for  the loop is set  to t ime propor t ion ing (TP).

Se lec t a b le  va lu es: 1 to 255  seconds.

Select  the Ser ia l DAC output  signal.

Se lec t a b le  va lu es: CURRENT or  VOLTAGE.

Set  the low outpu t signa l level for  the Ser ia l DAC. The Se-
r ia l DAC conver ts 0% output  from the cont roller  to the va l-
ue set  here.

Set  the h igh and low values to match the inpu t range of the 
output  device. For  instance, if the output  device has a  0.00-
10.00 V range, set  the SDAC LO VALUE to 0.00 VDC  and 
set  the SDAC HI VALUE  to 10.00 VDC .

Se lect a b le  va lu es: 0.00  to 9.00 VDC  or  0.0  to 19.90 
MA. Th is va lue must  be less than the SDAC HI VALUE . 

Set  the h igh output  signal level for  the Ser ia l DAC. The Se-
r ia l DAC conver ts 100% output  from the cont roller  to the 
value set  here.

Set  the h igh and low values to match  the range of the out -
put  device. For instance, if the output  device has a  4 to 20 

ALARM

01 HEAT OUTPUT
CYCLE TIME? 10S

ALARM

01  SDAC MODE?
    VOLTAGE

ALARM

01 SDAC LO VALUE?
   0.00 VDC



mA range, set  the SDAC HI VALUE  to 20.00 MA  and the 
SDAC LO VALUE to 4.00 MA .

Se lect a b le  va lu es: 0.10  to 10.00 VDC  or  0.10  to 20.00  
mA. This value must  be greater  than the SDAC LO VALUE. 

Select  the cont rol act ion  for  the outpu t. Normally, heat  out -
puts are set  to reverse act ion and cool outputs are set  to di-
rect  act ion. When output  act ion is set to REVERSE, the 
output  goes up when the process var iable goes down. When 
set  to DIRECT, the output  goes up when the process var i-
able goes up.

Se lect a b le  va lu es: REVERSE or  DIRECT.

Th is parameter  limits the maximum PID cont rol output  for  
a  loop’s heat or  cool output . This limit  may be cont inuous, 
or  it  or  it  may be in  effect for  a  specified number of seconds 
(see the next  parameter). If you choose a  t imed limit , the 
output  limit  t ime restar ts when the con troller  powers up 
and whenever the loop goes from manua l to au tomat ic con-
t rol. The outpu t limit  on ly affects loops under automat ic 
cont rol. It  does not  a ffect  loops under manual con trol.

Se lect a b le  va lu es: 0 to 100%.

Set a  t ime limit  for  the ou tput  limit  set a t  the previous pa-
rameter .

Se lect a b le  va lu es: 1 to 999  seconds, or  to CONT (cont inu-
ous). 

ALARM

01 SDAC HI VALUE?
   10.00 VDC

ALARM

01 HEAT OUTPUT
ACTION? REVERSE

ALARM

01 HEAT OUTPUT
   LIMIT ? 100%

ALARM

01  HEAT OUTPUT
LIMIT TIME? CONT



When a  sensor fa il a larm occurs or  when the OUTPUT 
OVERRIDE DIG INPUT  (page 77) becomes act ive on a loop 
tha t  is in  automat ic cont rol, tha t loop goes to manual con-
t rol at  the percent  power  output  set  here. 

Se lec t a b le  va lu es: 0 to 100%. 

If you set  th is parameter  to ON and a  thermocouple break 
occurs, a loop set to automat ic cont rol sta tus will go to man-
ua l mode a t a percentage equa l to the average output  pr ior  
to the break.

Se lec t a b le  r a n ge : ON or  OFF 

ALARM

01  SENSOR FAIL
HT OUTPUT ?  0%

ALARM

01 HEAT T/C BRK
OUT AVG ?   OFF



Select  an output  curve. For  a  nonlinear process, select 
CURVE 1 or  CURVE 2.

Se lect a b le  va lu es: CURVE 1, CURVE 2, or  LINEAR. Refer  
to F igure 4.4. 

If curve 1 or  2 is selected, a PID ca lcu lat ion results in  a low-
er  actua l output  level than the linear output  requires. One 
of the nonlinear  curves may be used when the response of 
the system to the output  device is nonlinear.

ALARM

01 HEAT OUTPUT?
   LINEAR
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 Use the SETUP LOOP ALARMS menu to set :

• High and low process and devia t ion ala rm limits

• Alarm outputs

• Alarm/cont rol behavior

• Alarm deadband

• Alarm delay

Table 4.13 shows the parameters available in  the SETUP 
LOOP ALARMS menu. 

HI PROC ALARM SETPT? 1000

HI PROC ALARM TYPE? OFF

HI PROC ALARM OUTPUT? NONE

DEV ALARM VALUE? 5

HI DEV ALARM TYPE? OFF

HI DEV ALARM OUTPUT? NONE

LO DEV ALARM TYPE? OFF

LO DEV ALARM OUTPUT? NONE

LO PROC ALARM SETPT? 0

LO PROC ALARM TYPE? OFF

LO PROC ALARM OUTPUT? NONE

ALARM DEADBAND? 2

ALARM DELAY? 0 SECONDS

ALARM

SETUP LOOP 01
ALARMS  ?



Set the va lue at  which the h igh process a larm act ivates.   

Se lect a b le  va lu es: Any point  with in  the sca led sensor 
range.

Select  an a larm type for  the h igh process ala rm.

Se lect a b le  va lu es: OFF, ALARM, or  CONTROL.

Choose a digita l output  to act ivate when the h igh process 
a la rm occurs, if desired.

Se lect a b le  va lu es: NONE, or  any output  from 1 to 34  not  
enabled for  closed-loop cont rol or  for  the Ser ia l DAC clock.

Set the devia t ion from setpoint  a t  which the h igh and low 
devia t ion alarms occur. 

Se lect a b le  va lu es: 0 to 255 , 25.5 , 2.55 , .255  or.0255 , 
depending on the INPUT TYPE  and DISP FORMAT set t ings. 

ALARM

01 HI PROC ALARM
   SETPT ? 1000

ALARM

01 HI PROC ALARM
   TYPE  ? OFF

ALARM

01 HI PROC ALARM
   OUTPUT? NONE

ALARM

01 DEV ALARM
VALUE ?    5



Select  an  a la rm type for  the h igh devia t ion alarm.   

Se lec t a b le  va lu es: ALARM, CONTROL or OFF

Choose a digita l output  to act ivate when the h igh deviat ion 
a la rm occurs, if desired.

Se lec t a b le  va lu es: NONE, or  any output  from 1 to 34  not  
enabled for  closed-loop cont rol or  for  the Ser ia l DAC clock. 

Select  an  a la rm type for  the low deviat ion a larm. 

Se lec t a b le  va lu es: ALARM, CONTROL or  OFF.

Choose a  digita l output  to act iva te when the low deviat ion 
a la rm occurs, if desired. 

Se lec t a b le  va lu es: NONE, or  any output  from 1 to 34 not  
enabled for  closed-loop cont rol or  for  the Ser ia l DAC clock. 

ALARM

01 HI DEV ALARM 
TYPE  ?  OFF

ALARM

01 HI DEV ALARM
OUTPUT ?  NONE

ALARM

01 LO DEV ALARM
TYPE  ?  OFF

ALARM

01 LO DEV ALARM
OUTPUT ? NONE



Set a  low process alarm setpoint. See Process Alarms on 
page 66.

Se lect a b le  va lu es: Any va lue with in  the input  sensor’s 
range.

Select  an a larm type for  the low process ala rm.

Se lect a b le  va lu es: ALARM, CONTROL or  OFF.

Choose a digita l output  to act ivate when the low process 
a la rm occurs, if desired. 

Se lect a b le  va lu es: NONE, or  any output  from 1 to 34  not  
enabled for  closed-loop cont rol or  for  the Ser ia l DAC clock.

Set an alarm deadband. This deadband value applies to the 
h igh process, low process, h igh devia t ion and low devia tion 
a la rms for  the loop. Use the a larm deadband to avoid re-
peated alarms as the process var iable cycles around an 
a la rm va lue.

Se lect a b le  va lu es:  0 to 255 , 25.5 , 2.55 , .255 or  .0255 , 
depending on the INPUT TYPE  and DISP FORMAT set t ings. 

ALARM

01 LO PROC ALARM 
SETPT?   0

ALARM

01 LO PROC ALARM
   TYPE ?  OFF

ALARM

01 LO PROC ALARM
OUTPUT ? NONE

ALARM

01 ALARM DEAD-
BAND ?     2



Set  a  loop a larm delay. This parameter  delays fa iled sensor 
and process alarms unt il the a la rm condit ion has been con-
t inuously present  for  longer  than the ala rm delay t ime.

Se lec t a b le  r a n ge : 0 to 255  seconds.

This menu facilita tes test ing of:

• Digita l inputs

• Digita l outputs

• The keypad but tons

Table 4.14 shows the screens available in  the 
MANUAL I/O TEST  menu. 

View the logic sta te of the eight  digita l inpu ts as H (h igh) 
meaning the inpu t is not  pu lled low, or  L (low) meaning the 
input  is connected to the cont roller  common.

DIGITAL INPUTS HHHHHHHH

TEST DIGITAL OUTPUT? 1: IN USE

DIGITAL OUTPUT NUMBER XX? OFF

KEYPAD TEST 

ALARM

01 ALARM DELAY ?
   0 SECONDS

ALARM

MANUAL I/O
TEST ?



This screen shows the sta te of inputs 1 to 8 from left  to 
r ight . See Figure 4.5. Since inputs are pulled h igh when 
they are not  connected, test an input  by short ing it  to con-
t roller  common and making sure th is screen shows the cor -
rect  sta te for  tha t input . 

When you are done test ing digita l inputs, press  or   
to advance to the next  screen, or  press  to return  to the 
MANUAL I/O TEST  menu.

Select  one of the digita l a larm outputs to test . You will test  
the output  on  the next  screen.

You cannot  force the sta te of an output  enabled for  cont rol.

Se lect a b le  va lu es: Any output  from 1 to 34 tha t  is not en-
abled for  closed-loop cont rol or  for  the Ser ia l DAC clock and 
GA, the globa l a larm output .

This screen appears only if you selected an output  that  is 
not  in  use for  cont rol at  the TEST DIGITAL OUTPUT  screen.

Use th is parameter  to manually toggle a  digita l ou tput on 
or  off to test  it . Toggling an output  ON sinks current  from 
the output  to the cont roller  common. Toggling the output  
OFF stops cur rent  flow. All tested outputs are set  to OFF 
when you exit  the MANUAL I/O TEST  menu.

You cannot  toggle ou tputs enabled for  cont rol. To test  a  
cont rol loop output , first  disable it  using the SETUP LOOP 
OUTPUTS menu.

Se lect a b le  va lu es: ON or  OFF.

ALARM

DIGITAL INPUTS
HHHHHHHH

ALARM

TEST DIGITAL
OUTPUT? 1:IN USE

ALARM

DIGITAL OUTPUT 
NUMBER XX ? OFF



Test  the keypad. The test  begins automat ically when the 
screen appears.

• Press any key to test  the keypad. The cont roller  will 
display the name of the key you have pressed. 

• Press  twice to end the test and return to the top of 
the MANUAL I/O TEST  menu.

Use th is funct ion to test  the display.

Press  to en ter  the test  and display the inst ruct ion 
screen.

Press  to begin the display of a  discernable pixel pa t -
tern.

• Press  to toggle the pixel pa ttern.
• Press  to end the test  and return to the top of

the MANUAL I/O TEST  menu.

ALARM

KEYPAD TEST
QUIT = "NO"+"NO"

ALARM

DISPLAY TEST?

ALARM

TO TEST DISPLAY
Y-TOGGLE N-QUIT





This chapter  expla ins the addit iona l features for  the  
CLS200 ser ies cont roller  equ ipped with  Ext ruder Cont rol 
F irmware. Except  for  setup, default  and con trol a lgor ithm 
differences descr ibed below, the Ext ruder Cont rol Firm-
ware opera tes the same as the standard cont rol firmware.

The SETUP LOOP OUTPUTS menu contains a  parameter  
with  descr iptors for  the select ions that  are different than 
those in  the standard cont rol firmware. 

Select  linear  or  nonlinear  outpu t curves for  the cool output.

Selectable Va lues: FAN, OIL  or  H2O. See F igure 5.1.

ALARM

SETUP LOOP 01
OUTPUTS ?

ALARM

01 COOL OUTPUT 
   FAN



The COOL OUTPUT parameter  is located in  the SETUP 
LOOP OUTPUTS menu. Select  one of three nonlinear  or  lin-
ear output  curves for  cooling.

The Extruder Cont rol F irmware uses different  defaults for  
some parameters in  the SETUP LOOP CONTROL 
PARAMS menu. Furthermore, a unique set  of cont rol de-
fau lts a re asser ted whenever  the COOL OUTPUT parame-
ter  on the SETUP LOOP OUTPUTS menu is changed. 
Table 5.1 through  Table 5.3 on page 109 list  the default  pa-
rameter  set t ings for  each cool output  curve. 



HEAT CONTROL PB?

HEAT CONTROL TI?

HEAT CONTROL TD?

HEAT CONTROL FILTER

COOL CONTROL PB?

COOL CONTROL TI?

COOL CONTROL TD?

COOL CONTROL FILTER?

HEAT CONTROL PB?

HEAT CONTROL TI?

HEAT CONTROL TD?

HEAT CONTROL FILTER

COOL CONTROL PB?

COOL CONTROL TI?

COOL CONTROL TD?

COOL CONTROL FILTER?

HEAT CONTROL PB?

HEAT CONTRO TI?

HEAT CONTROL TD?

HEAT CONTROL FILTER

COOL CONTROL PB?

COOL CONTROL TI?

COOL CONTROL TD?

COOL CONTROL FILTER?



The Ext ruder  Cont rol F irmware uses a cont rol a lgor ithm 
tha t  has been opt imized for  cont rolling temperature loops 
in  plast ic ext ruder equipment . Typica lly, overshoot  is un-
desirable and ambient cooling is not  sufficient  to dampen 
the effects of self heat ing tha t a re inherent  in  the ext rusion 
process. This cont rol method uses both  heat  and cool out -
puts. Under some condit ions both heat  and cool outputs 
may be on a t the same t ime.



This chapter  expla ins five addit ional features for  the 
CLS200 con troller  when enabled with  enhanced features 
opt ion firmware:

• Process var iable ret ransmit

• Cascade cont rol

• Rat io cont rol

• Remote ana log setpoint

• Differen t ia l cont rol



SETUP
GLOBAL 
PARAMETERS

SETUP 
LOOP 
INPUTS

SETUP
LOOP CONTROL 
PARAMETERS

SETUP
LOOP
OUTPUTS

SETUP
LOOP PV
RETRANSMIT

SETUP
LOOP 
CASCADE

SETUP
LOOP RATIO
CONTROL

SETUP
LOOP
ALARMS

MANUAL
I/O
TEST

HEAT OUTPUT
RETRANS PV?

HEAT RETRANS
MIN INP? 

HEAT RETRANS
MIN OUT%? 

HEAT RETRANS
MAX INP? 

HEAT RETRANS
MAX OUT%? 

COOL OUTPUT 
RETRANS PV? 

COOL RETRANS 
MIN INP? 

COOL RETRANS 
MIN OUT%? 

COOL RETRANS 
MAX INP? 

COOL RETRANS 
MAX OUT%? 

 

 

CASCADE
PRIM. LOOP?

CASCADE
BASE SP? 

CASCADE 
MIN SP? 

CASCADE 
MAX SP? 

CASCADE 
HT SPAN? 

CASCADE 
CL SPAN? 

NONE
NO RATIO CONTROL 

MAX SP? 

RATIO CONTROL 
CTRL RATIO? 

RATIO CONTROL 
SP DIFF? 

RATIO CONTROL 
MIN SP? 

RATIO CONTROL 
MSTR LOOP? 

NONE
NO



The process var iable ret ransmit  fea tu re ret ransmits the 
process signa l of one loop (pr imary) via the cont rol ou tput  
of another loop (secondary). This signal is linear and pro-
por t ional to the engineer ing units of the pr imary loop in-
put .

Typical uses include data logging to analog recording sys-
tems and long distance t ransmission of the pr imary signa l 
to avoid degradat ion of the pr imary signa l. The signal can 
a lso be used as an inpu t to other types of cont rol systems 
such as a  PLC.

Any available output  (heat  or  cool) may be used as a re-
t ransmit  outpu t. Any process var iable (including the same 
loop number input ) may be ret ransmit ted.

The cont roller  output  signal must  be connected to a  Dua l 
DAC or  Ser ia l DAC converter  to get  a 4 to 20 mA (dc) or  
0 to 5V  (dc) signa l. The choice of converter  depends on ap-
plicat ion  requirements.

The process var iable ret ransmit  fea ture is included in  both 
the ramp/soak and enhanced features opt ions.

The setup parameters for  the process var iable retransmit  
feature appear  in  the SETUP LOOP PV RETRANSMIT menu.

Press  to view the process var iable ret ransmit  parame-
ters.

ALARM

SETUP LOOP 02
PV RETRANSMIT?



Enter  the number of the loop that  provides the process 
var iable for  the ret ransmit  ca lcu la t ion.

If you set  th is parameter  NONE and press , the cont roller  
skips to the COOL OUTPUT RETRANS PV screen. The COOL 
parameter  is set  up the same way as the HEAT parameter .

Se lect a b le  va lu es: Any loop or  NONE.

En ter  the lowest  value of the process var iable to be ret rans-
mit ted. This va lue is expressed in  the same engineer ing 
units as the input  loop.

If the process var iable fa lls below the min imum, the output  
will stay a t  the min imum value. 

Se lect a b le  va lu es: Any va lue in  the input  loop’s range.

En ter  the output  va lue (0 to 100%) that  corresponds to the 
min imum input .

Se lect a b le  va lu es: 0 to 100%

If you select  a  min imum output  va lue other than 0%, the 
output  will never  drop below MIN OUT, even if the process 
var iable drops below the MIN INP  tha t  you specified.

En ter  the h ighest  value of the process var iable to be re-
t ransmit ted. This value is expressed in  the same engineer-
ing units as the input  loop.

If the process var iable goes above the maximum, the output  
will stay a t  the maximum va lue.

Se lect a b le  va lu es: Any va lue in  the input  loop’s range.

ALARM

02 HEAT OUTPUT
RETRANS PV? 02

ALARM

02 HEAT RETRANS
MIN INP? 1000

ALARM

02 HEAT RETRANS
MIN OUT%? 0%

ALARM

02 HEAT RETRANS
MAX INP? 10000



By adjust ing the maximum and min imum inputs, you can 
sca le the output  appropr iately. See F igure 6.2.

Enter  the ou tput  va lue (0 to 100%) which corresponds to 
the maximum input .

The output  will never go above the th is maximum output  
percentage, regardless of how h igh the process var iable 
goes.

Se lec t a b le  va lu es: 0 to 100%

The CLS200 cont rols the temperature of a  furnace. The 
thermocouple in  one of the zones is connected to the con-
t roller  and is used for  closed-loop PID control. An analog re-
corder da ta  logging system is a lso in  place, and a  recording 
of the process temperature is required. The recorder input  
is a  linear  4 to 20 mA (dc) signa l represent ing a  process 
var iable range of  0 to 1000˚ F .

ALARM

02 HEAT RETRANS
MAX OUT%? 100%



To set  up th is applicat ion , you  would do the following:

1. F irst , set  up the standard cont rol loop parameters ac-
cording to the furnace applica t ion, in  th is case on loop
1. 

2. Select  another  unused PID output  for  ret ransmit t ing
the thermocouple value (for  example, loop 2 heat  out -
put ).

3. Change the display to loop 2, and then enter  the three-
key sequence ( , then , then )
and go to the first  screen in  Table 6.1.

4. Follow the steps in  Table 6.1 to configure the process
var iable ret ransmit  opt ion.

5. After  following the steps in  Table 6.1, press  sev-
eral t imes unt il the normal loop display appears. The
cont roller  will now produce an output  on loop 2 which
is linear and propor t iona l to the loop 1 process var i-
able.



01

0

0%

1000

100%

NONE

ALARM

SETUP LOOP 02
PV RETRANSMIT

ALARM

02 HEAT OUTPUT
RETRANS PV? 01

ALARM

02 HEAT RETRANS
MIN INP? 0

ALARM

02 HEAT RETRANS 
MIN OUT%? 0

ALARM

02 HEAT RETRANS
MAX INP? 1000

ALARM

02 HEAT RETRANS
MAX OUT%? 100

ALARM

02 COOL OUTPUT 
RETRANS PV? NONE



Notes about  th is applicat ion:

• This is not  a thermocouple curve type of signal and re-
quires a  linear  input range in  the recorder .

• To complete th is configurat ion, the loop 2 output  must  
be enabled and ta ilored to meet  the requirements of 
the data-applica t ion. In  th is example, the data logger  
requires an analog input  of 4 to 20 mA. 

• The CLS200 Ser ies cont rollers must  be used with  a  
Wat low Anafaze Ser ia l DAC.

Consult  Chapter  4, Setup for  in format ion  on sett ing up the 
other  opt ions of the cont roller .

Cascade con trol is used to cont rol thermal systems with  
long lag t imes, which cannot  be as accurately cont rolled 
with  a single con trol loop. The output  of the first  (pr imary) 
loop is used to adjust  the setpoint  of the second (secondary) 
loop. The secondary loop normally executes the actua l con-
t rol.

The cascade cont rol fea ture allows the output  percentage of 
one con trol loop to determine the setpoint  of a second con-
t rol loop. By adjust ing the setpoint  (SP) parameters, the 
user can adjust  the in fluence tha t  the pr imary loop has on 
the setpoint  of the secondary loop. See F igure 6.4.

Some applicat ions, such as aluminum cast ing, use two-
zone cascade cont rol where the pr imary output  is used for  
the pr imary heat  cont rol and the cascaded output  is used 
for  boost  heat . The CLS200 allows you to use the pr imary 
heat  output  for  both cont rol and for  determin ing the set -
point  of the secondary loop.



The setup parameters for  cascade cont rol appear under the 
SETUP LOOP CASCADE menu.

Press  to set  up the cascade parameters. The loop cur -
rent ly displayed (loop 02 in  th is case) will be the secondary 
cont rol loop, which performs the actual cont rol.

Enter  the pr imary loop number. The output  percen tage of 
th is loop will cont rol the setpoint  of the secondary loop.

Se lec t a b le  va lu es: Any loop except  the secondary loop.

ALARM

SETUP LOOP 02
CASCADE?

ALARM

02 CASCADE
PRIM. LOOP? 03



Enter  the setpoint  tha t  corresponds to 0% (heat  and cool) 
output  from the pr imary loop (PRIM. LOOP ). Th is value is 
expressed in  the same engineer ing units as the secondary 
loop’s process var iable.

Se lect a b le  va lu es: Any va lue from the secondary loop’s 
min imum process var iable to its maximum process var i-
able.

En ter  the lowest  value of the secondary loop setpoint . Th is 
min imum setpoint  over r ides any ca lcu lat ion caused by the 
pr imary loop calling for  a  lower setpoint . Th is va lue is ex-
pressed in  the same engineer ing units as the secondary 
loop’s process var iable.

Se lect a b le  va lu es: Any va lue from the secondary loop’s 
min imum process var iable to its maximum process var i-
able.

En ter  the h ighest  va lue of the secondary loop setpoint . Th is 
maximum setpoint  over r ides any ca lcu la t ion caused by the 
pr imary loop ca lling for  a  h igher setpoint . Th is va lue is ex-
pressed in  the same engineer ing units as the secondary 
loop’s process var iable.

Se lect a b le  va lu es: Any va lue from the secondary loop’s 
min imum process var iable to its maximum process var i-
able.
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Enter  the mult iplier  to apply to the pr imary loop heat  ou t-
put  percentage.

Se lec t a b le  va lu es: -9999  to +9999 .

Enter  the mult iplier  to apply to the pr imary loop cool ou t-
put  percentage.

Se lec t a b le  va lu es: -9999  to +9999 .

A tank of water  has an inner  and outer  thermocouple. The 
outer  thermocouple is loca ted in  the center  of the water. 
The inner  thermocouple is located near the heat ing ele-
ment . The desired temperature of the water  is 150˚ F, 
which is measured a t  the outer  thermocouple. Using cas-
cade cont rol, the outer  thermocouple is used on the pr imary 
loop (in  th is example, loop 1), and the inner  thermocouple 
is used on the secondary loop (loop 2). The heater  is con-
t rolled by loop 2 with  a setpoint  range of 150 to 190˚ F.
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To set  up th is applicat ion , you  would do the following:

1. Change the display to loop 2, which will be the second-
ary loop, and then enter  the three-key sequence (

, then  , then ) and go to the first
screen in  Table 6.2.

2. Follow the steps in  Table 6.2 to configure cascade cont rol.
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3. Press  severa l t imes unt il the normal loop display
appears. The output  percentage of loop 1 will now con-
trol the setpoint  of loop 2.

To ver ify tha t  cascade is working as expected, you  would 
follow these steps:

1. Set  loop 1 to MANUAL and the OUTPUT to 0%. Loop 2 set -
poin t should equa l 150 (BASE SP).

2. Adjust  loop 1 MANUAL OUTPUT to 50%. Loop 2 setpoint
should equal 170 (BASE SP + 50% of HT SPAN)

3. Adjust  loop 1 MANUAL OUTPUT to 100%. Loop 2 set-
poin t should equa l 190 (BASE SP + HT SPAN).

4. To complete the cascade setup, both loop 1 and loop 2
must  be configured for  inputs, outputs, and a larms. 

In  addit ion , the PID parameters of loop 1 must  be tuned to 
produce the desired effect  for  the applica t ion on the set -
point  of loop 2. For a cascade cont rol applica t ion tha t  uses 
the secondary loop for  PID cont rol, loop 1 typically uses 
on ly proport iona l mode. Th is must  be set  for  the amount  of 
change in  the process var iable to cause a 100% change in  
the output  level. 

The proport iona l band is selected so the setpoint  of the sec-
ondary loop has the desired relat ionship to the process 
var iable of the pr imary loop. In  th is applicat ion, the pro-
por t ional band (PB) of the pr imary loop is set to 10˚ F  and 
the in tegra l and der iva t ive are turned off. 

As the tempera ture of loop 1 drops, the outpu t of loop 1 goes 
up proport iona lly and the setpoint  of loop 2 goes up propor -
t ionally. Thus heat  is added to the system at  the element 



even though the tempera ture near the element  may have 
been at  setpoint  (150˚ F).

With proport iona l cont rol, when loop 1 is at  setpoint , its 
output  is 0%, and the setpoint  of loop 2 is equal to the base 
setpoint  (150˚ F). If the temperature of loop 1 drops to 149˚ 
F , the devia t ion results in  a proport iona l outpu t of 10%. 
This t imes the span of 40˚ F results in  an increase in  set -
point  for  loop 2 of 4˚ F. The loop 2 setpoint  increases to 154˚
F. For every degree tha t  loop 1 drops, loop 2 increases by 4˚
F unt il the outpu t of loop 1 is 100% and the loop 2 setpoint  
is 190˚ F. Any fur ther  drop in  the loop 1 process var iable 
does not  a ffect  loop 2.

The PID parameters of loop 2 must  be tuned to perform ef-
ficient  cont rol.

For two-zone cascade control systems, the PID set t ings for  
both loops, the pr imary plus the secondary, must  be opt i-
mized for  good temperature cont rol.

See Chapter  4, Setup for  in format ion on tun ing PID loops.

Rat io cont rol a llows the process var iable of one loop (mas-
ter  loop), mult iplied by a  ra t io, to be the setpoint  of another 
loop (ra t io loop). You can  assign any process var iable to de-
termine the setpoint of a  ra t io loop.

By adjust ing the ra t io cont rol parameters, you can adjust  
the in fluence tha t the master  loop process var iable has on 
the setpoint  of the ra t io loop. 



The ra t io cont rol parameters appear in  the SETUP LOOP 
RATIO CONTROL menu.

Press  to set  up the rat io cont rol parameters with  loop 
number 2 as the rat io loop.

Enter  the master  loop which will provide the output  to the 
in terna l cont roller  setpoint  ca lcu lat ion for  the rat io loop 
setpoint .

Se lec t a b le  va lu es: Any loop except  the loop current ly se-
lected (in  th is case, loop 02). Choose NONE for  no ra t io con-
t rol.

Enter  the lowest  a llowable setpoint  for  the ra t io loop. This 
min imum setpoint  overr ides any ra t io calcu la t ion ca lling 
for  a  lower setpoint . Th is value is expressed in  the same en-
gineer ing units as the rat io loop’s process var iable. 

Se lec t a b le  va lu es: Any va lue from the min imum value of 
the rat io loop’s process var iable to its maximum va lue.

Enter  the h ighest  a llowable setpoint  for  the rat io loop. This 
maximum setpoint  over r ides any rat io calcu lat ion  calling 
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for  a h igher setpoint . Th is value is expressed in  the same 
engineer ing units as the ra t io loop’s process var iable.

Se lect a b le  va lu es: Any va lue from the min imum va lue of 
the ra t io loop’s process var iable to its maximum va lue.

En ter  the mult iplier  to apply to the master  loop’s process 
var iable.

Se lect a b le  va lu es: 0.1  to 999.9 .

En ter  the value to add or  subt ract  from the rat io loop set -
point  calcu la t ion before using it  as the setpoint . Th is value 
is expressed in  the same engineer ing units as the rat io 
loop’s process var iable.

Se lect a b le  va lu es: -9999  to 9999  with  the decimal 
placement  determined by the DISP FORMAT set t ing for  the 
rat io loop.

A chemica l process requires a  formula  of two parts water  
(H2O) to one part  potassium hydroxide (KOH) to produce 
dilu ted potassium hydroxide. The desired flow of H2O is 10 
gallons per second (gps), so the KOH should flow at  5 gps. 
Separa te pipes for  each chemica l feed a  common pipe. The 
flow rate of each feeder pipe is measured by a  CLS200, with  
H2O flow as process var iable 1 and KOH flow as process 
var iable 2. The ou tputs of loops 1 and 2 adjust  motor ized 
valves.
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To set  up th is applica t ion, you would do the following:

1. Adjust  and tune loop 1 (H2O) for  opt ima l per formance
before implement ing the rat io setup. 

2. Switch the cont roller  to display loop 2 (KOH), and
then en ter  the three-key sequence ( , then 

, then ) and go to the first  screen in
Table 6.3.

3. Follow the steps in  Table 6.3 to configure ra t io cont rol.



4. Press  several t imes unt il the normal loop display
appears. The setpoint  of loop 2 will now be equa l to one
ha lf of the process var iable of loop 2.

5. To complete the ra t io setup, con figure both loops 1 and
2 for  inputs, outputs, and a la rms. See Chapter  4, Setup
for  in format ion on loop setup.
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The remote analog setpoint  is set  up ident ica lly to ra tio 
cont rol. To provide a  setpoint  remotely, typica lly a  voltage 
or  current  source is connected to an analog inpu t on the 
cont roller . Th is input  is con figured as a  linear input type 
and the master  loop for  rat io cont rol. All other  input  types 
are a lso usable as remote analog setpoint  inputs.

Specify the loop to which the ana log input  is connected as 
the master  loop and setup the rest  of the rat io cont rol pa-
rameters as out lined in  Setup Loop Ra tio Control Menu on 
page 125.

Remote ana log setpoint  a llows externa l equipment , such as 
a  PLC or other  cont rol system, to change the setpoint  of a 
loop. 

Both  the remote analog setpoint  fea ture and the process 
var iable ret ransmit  fea ture can be used with  PLC systems 
as the link between mult iloop PID cont rol systems and 
PLC systems.

For example, a 0 to 5 V (dc) signa l represent ing 0 to 300˚ 
F  will be used as a  remote setpoint  input  to the CLS200. 
The input  signa l will be received on loop 1 with  the cont rol 
being performed on  loop 2. Note that  proper sca ling resis-
tors must  be insta lled on the input  of loop 1 to a llow it  to 
accept  a  0 to 5 V (dc) input .

To set  up th is applica t ion, you would do the following:

1. In  the loop 1 SETUP LOOP INPUT menu, set  the INPUT
TYPE to LINEAR, set  HI PV  to 300 , set  LO PV to 0, set
HI RDG  to 100.0%  and set  LO RDG to 0.0% .

2. Change the display to loop 2, and then enter  the setup
parameters. Go to the first  screen in  Table 6.4.

3. Follow the steps in  Table 6.4 to configure the process
var iable ret ransmit  opt ion .



4. Press  several t imes unt il the normal loop display
appears. The setpoint  of loop 2 will now be equa l to the
process var iable of loop 1.

5. To complete the remote ana log setpoint  setup, loop 1
may be configured for  outputs and a larms. Likewise,
loop 2 must  be configured for  inputs, outputs, and
a larms. See Chapter  4, Setup for  in format ion on loop
setup.
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Different ia l cont rol is a  simple applicat ion of the ra tio con-
t rol opt ion, used to cont rol one process (rat io loop) a t  a  dif-
ferent ia l, or  offset , to another (master  loop). To use 
different ia l cont rol, set  the ra t io value to 1.0 to provide the 
desired offset .

A thermal forming applicat ion requires tha t  the outside 
heaters operate a t  a  h igher  tempera ture than the center  
heaters. The different ia l cont rol point  is determined by the 
master  loop which is using in fra red (IR) sensors for  temper-
a ture feedback. Secondary loops use thermocouples for  
feedback.

The loop using the IR sensor  as an input  is assigned to the 
master  loop in  the SETUP LOOP RATIO CONTROL menu. 
The secondary loop is the different ia l cont rol loop. Set t ing 
the setpoint  different ia l (SP DIFF ) to the desired offset  will 
produce the desired offset  between the secondary and mas-
ter  loops. 

For example, the master  loop can be cont rolled at  325º F 
and the secondary loop at  375º F by using a  different ia l of 
50º F.

Loop 1 must  be set  up for  PID cont rol of the setpoint  at  
325º F .

To set  up th is applica t ion, you would do the following:

1. Change the display to loop 2, and then enter  the setup
parameters. Go to the first  screen in  Table 6.5.

2. Follow the steps in  Table 6.5 to configure the process
var iable retransmit  opt ion.



3. Press  several t imes unt il the normal loop display
appears. The setpoint  of loop 2 will now be equal to
process var iable of loop 1 plus 50˚ F .

4. To complete the different ia l cont rol setup, loop 1 and
loop 2 must  be configured for  inputs, outputs, and
a larms. See Chapter  4, Setup for  in format ion on loop
setup.

01

300.0

400.0

1.0

+50

ALARM

SETUP LOOP 02
RATIO CONTROL?

ALARM

02 RATIO CONTROL
MSTR LOOP? 01

ALARM

02 RATIO CONTROL
MIN SP? 300.0

ALARM

02 RATIO CONTROL
MAX SP? 400.0

ALARM

02 RATIO CONTROL
CTRL RATIO? 1.0

ALARM

02 RATIO CONTROL
SP DIFF.? 50



This chapter  covers setup and opera t ion of ramp/soak pro-
files in  CLS200 ser ies cont rollers.

These features are available in  cont rollers that  have the 
opt iona l ramp/soak firmware insta lled.

The ramp/soak fea ture turns your cont roller  in to a power-
fu l and flexible batch cont roller . Ramp/soak lets you pro-
gram the cont roller  to change a  process setpoint  in  a preset  
pa t tern over t ime. This preset  pa t tern, or  temperature 
p r ofi le , consists of severa l segm en t s. Dur ing a  segment , 
the temperature goes from the previous segment ’s setpoint  
to the cur rent  segment ’s setpoin t.

• If the current  segment ’s setpoint  is h igher  or  lower  
than the previous segment ’s setpoin t, it  is called a  
r a m p  segment .

• If the current  segment’s setpoint  is the same as the 
previous segment ’s setpoint , it  is called a  soa k  seg-
ment.



Ramp/soak in  the CLS200 includes the following features:

• R ea d y segm en t  se t s  loop  u p  for  p r ofi le : Ready 
segment  can cont rol at  setpoint  unt il profile needs to 
run. Ready segment  events set  a ll ava ilable event  out -
puts to desired sta tes before profile sta r ts.

• Up  t o  20 segm en t s p e r  p r ofi le : The cont roller  can 
store up to 17 profiles, each with  up to 20 segments.

• Mu lt ip le  p r ofi les  r u n  in d ep en d en t ly : Each loop 
can run a different  profile or  the same profile can be 
run independent ly on more than one loop.

• Up  t o t w o t r igge r s p e r  segm en t : Tr iggers are digi-
ta l inputs tha t  can be programmed to sta r t  and hold 
segments based on  the t r igger ’s digita l state. You can 
use any one of the eight  digita l inputs for  t r iggers. You 
can a lso use the same t r igger for  more than one seg-
ment  or  more than one profile.

• Up  t o  fou r  even t s  p e r  segm en t : Digita l outputs con-
t rolled by the ramp/soak profile. Events ou tputs are 
set  at  the end of a segment . You can  use any of the dig-
ita l outputs tha t  are not  used for  cont rol or  for  the Se-
r ia l DAC clock.

• Tole r a n ce h old  en su r es t im e  a t  t em p er a t u r e : Set 
a  limit  on how far  the process var iable can vary above 
or  below setpoint . The profile clock only runs when the 
process var iable is with in  the limit .

• Tole r a n ce a la r m  in d ica t es p r ocess n ot  t r a ck in g 
se t p oin t : Set  a  maximum amount  of t ime for  the tol-
erance hold to wa it  for  a process devia t ion before not i-
fying the operator . The opera tor  can acknowledge the 
a la rm and proceed if desired.

• User -con figu r a b le  t im e  b a se : Program profiles to 
run for  hours and minutes or  for  minutes and seconds.

• R ep ea t a b le  p r ofi les : Set  any profile to repeat  from 1 
to 99 t imes or  cont inuously.

• F a st  se t u p  for  s im i la r  p r ofi les : Set  up one profile, 
then copy it  and alter  it  to set  up the rest .

• E xt e r n a l r ese t : Select  a digita l input  you can use to 
hold a  profile in  the “sta r t ” sta te and restar t  it .

Table 7.1 summarizes the ramp/soak features of the 
CLS200.





The SETUP R/S PROFILES  menu appears between the 
SETUP LOOP ALARMS and MANUAL I/O TEST  menus. F ig-
ure 7.2 shows the ramp/soak setup menu t ree.
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With the Ramp and Soak opt ion  an addit iona l menu ap-
pears on  the Setup Globa l Parameters Menu

The RAMP/SOAK TIME BASE parameter  is in  the SETUP 
GLOBAL PARAMETERS menu.

Use th is parameter  to set  the t ime base in  a ll your ramp/
soak profiles. When set to HOURS/MINS, the setpoint  is up-
dated once every minute. When set  to MINS/SECS, the set -
point  is updated once every second.

Se lec t a b le  va lu es: HOURS/MINS (hours/minutes) or  
MINS/SECS (minutes/seconds).

The SETUP RAMP/SOAK PROFILE menu is located be-
tween the SETUP LOOP ALARMS and the MANUAL I/O 
TEST menus if the ramp/soak opt ion is insta lled.

Press  to set  up or  edit  ramp/soak profiles.

Choose a  profile to set  up or  edit .

Se lec t a b le  va lu es: A to Q (17 profiles).
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Set up similar  profiles quickly by copying the setup of an 
exist ing profile.

Se lect a b le  va lu es: A to Q.

Set a limit  on how long the process var iable can be outside 
the tolerance set  for  the segment  before the tolerance 
a la rm occurs.

If the process var iable does not  return with in  the tolerance, 
the tolerance a la rm will recur after  the tolerance ala rm 
t ime elapses aga in.

If the a larm persists, you may want  to reset  the profile. 

Se lect a b le  va lu es: 0:00  to 99:59  (minutes or  hours, de-
pending on the t ime base sett ing).

When you assign  a  profile to a loop, the profile does not  
star t  immedia tely. Instead, it  goes to the ready segment  
(segment  0) and stays there unt il you put  the profile in  run 
mode.

You can set  a setpoin t, assign events, and set  event  sta tes 
for  the ready segment . Use th is parameter  to set  the ready 
segment  setpoin t. Sett ing the setpoint  to OFF ensures tha t  
cont rol outputs for  the loop running the profile will not  
come on. 

Se lec t a b le  va lu es: -999  to 9999 , or  OFF. See Setpoints 
and Tolerances for  Va r ious Input Types on page 144.
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Press  to set  or  edit  the ready sta te for  a ll outputs that  
a re not  used for  cont rol or  for  the Ser ia l DAC clock. When 
you assign a profile, the cont roller  sta r ts the ready seg-
ment : it  goes to the setpoint  and pu ts a ll the outputs in  the 
state you  set  here. The outputs stay in  the states they are 
set  to un t il their  sta tes are changed at  the end of subse-
quent  segments.

Press  to advance to EXTERNAL RESET INPUT NUMBER. 

Press  to increment  the output  number . Press  to set  
the event  state to  or  .

Th is parameter  appears only if you answered  to READY 
SEGMENT EDIT EVENTS?.

Se lec t a b le  va lu es: ON or  OFF.

When you are done, press  to return to READY SEG-
MENT EDIT EVENTS, then press  to go to the next  pa-
rameter .

Select  one of the eight  digita l inputs as an externa l reset . 
When the reset  input  is on, the profile is set  to RUN mode a t  
the beginning of the first  segment . As long as the reset  in-
put  is on, the profile is held at  the beginning of the first  seg-
ment . Once the reset input  turns off the profile begins to 
run.

Se lec t a b le  va lu es: 1 to 8, or  N (for  no externa l reset).
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Each profile is made up of severa l segments (up to 20). 
Choose the segment to edit .

Se lect a b le  va lu es: 1 to 20 .

The first  t ime you use th is parameter , it  defaults to seg-
ment  1. When you fin ish edit ing a  segment , the cont roller  
goes to the next  segment . This loop cont inues unt il you  
make a  segment  the last  segment  of a profile.

En ter  the durat ion of the segment .

Se lect a b le  va lu es: 0:00  to 999:59  (hours and minutes or  
minutes and seconds, depending on the selected t ime base). 

En ter  the ending setpoint  for  the segment  you are edit ing. 
For a ramp, the setpoint  changes steadily over  the segment  
t ime from the end setpoint  of the previous segment to the 
value set  here. For  a  soak, set  the value here equa l to the 
end setpoint  of the previous segment .

Se lect a b le  va lu es: -999  to 3276 , or  OFF (no outpu t dur-
ing segment). See Setpoints and Tolerances for  Va r ious In-
put Types on  page 144.
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You can assign up to four  digita l outputs, or  events, to each 
segment . When the segment  ends, the outputs you select  
a re set to the sta te you specify. Press  to select outputs 
and specify their  states.

Press  to advance to the EDIT SEG TRGGRS parameter . 

Select  a digita l output  for  the event . Use a  digita l output  
tha t  is not  being used for  PID cont rol or  for  Ser ia l DAC 
clock.

This parameter  appears only if you answered  to EDIT 
SEG EVENTS?

Se lec t a b le  va lu es: Any digita l output  from 1 to 34 , except  
those in  use, or  NONE (no event ).

When you are done set t ing segment  events, press  to 
return to EDIT SEG EVENTS, then press  to go to the 
next  parameter .

Assign a sta te to the even t. At  the end of the segment , the 
output  goes to the state you assign here.

This parameter  appears only if you answered  to EDIT 
SEG EVENTS?

Se lec t a b le  va lu es: OFF (h igh) or  ON (low).
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Each segment  may have up to two t r iggers (digita l inpu ts). 
Both t r iggers must  be t rue in  order for  the segment  to run. 
If a t r igger  is not  t rue, the profile goes in to the t r igger  wa it  
state.

Press   to edit  t r iggers for  the current  segment, or   
to advance to the SEGMENT TOLERANCE parameter .

Assign a  digita l input  to a  segment  t r igger. You can assign 
any digita l input  to any t r igger . You can also assign the 
same digita l input  as a t r igger in  more than one segment 
and more than one profile.

This parameter  appears only if you answered  to EDIT 
SEG TRGGRS?

Se lect a b le  va lu es: Any digita l input  from 1 to 8, or  NONE 
(disable t r igger ).

When you are done edit ing segment t r iggers, press  
to return to EDIT SEG TRGGRS.

Choose the sta te tha t  will sa t isfy the t r igger condition. A 
t r igger  input  is ON when pulled low by an externa l device. 
A t r igger  input is OFF when the digita l input  is h igh.

This parameter  appears only if you answered  to EDIT 
SEG TRGGRS?

Se lec t a b le  va lu es: OFF or  ON.

ALARM

A SEGMENT 15
EDIT SEG TRGGRS?

ALARM

A SEG 15 TRIG  1
INPUT NR ? NONE

ALARM

A SEG01 TR1 DIO8
ACTIVE STATE?OFF



Choose whether the t r igger is latched or  un latched. 

• A latched t r igger  is checked once, a t  the beginning of a 
segment .

• An unla tched t r igger is checked constant ly while a  
segment  is running. If an unla tched t r igger becomes 
fa lse, the segment  t imer stops and the loop goes in to 
tr igger wait  state.

When using two t r iggers with  a  segment, the following log-
ic applies:

This parameter  appears only if you answered  to EDIT 
SEG TRGGRS?

Se lec t a b le  va lu es: LATCHED or  UNLATCHED.

Set  a  posit ive or  negat ive tolerance va lue for  each segment . 
Tolerance works as shown in  F igure 7.3. 

If you enter  a  posit ive tolerance, the process is ou t of toler-
ance when the process var iable goes above the setpoint  
plus the tolerance.

ALARM

A SEG01 TR1 DI08 
TRIG? UNLATCHED



If you enter  a negat ive tolerance, the process goes out  of tol-
erance when the process var iable goes below the setpoint  
minus the tolerance. 

Se lect a b le  va lu es: -99  to 99, or  OFF (no tolerance limit ). 
See Setpoints and  Tolerances for  Var ious Input Types on 
page 144.

Specify whether the current  segment  is the last  one in  the 
profile.

Se lect a b le  va lu es: NO or  YES.

Set the number  of t imes you want a  profile to repeat  or  cycle.

The profile returns to START mode a fter  complet ing the 
number of cycles specified here.

Se lect a b le  va lu es: 1 to 99, or  C (cont inuous cycling).

Setpoints and tolerances are set  in  segments before the 
profile is assigned to a part icu la r  loop. When the profile is 
used with  a loop, the INPUT TYPE  and DISP FORMATS set -
t ings are applied to the following parameters:

• Ready setpoin t

• Segment  setpoint

• Segment  tolerance

Refer  to Table 7.3  to determine how these parameters are 
a ffected for  the var ious INPUT TYPE  and DISP FORMAT 
set t ings.

ALARM

A SEGMENT 01
SEG TOLERNCE? OFF

ALARM

A SEGMENT 01
LAST SEGMENT? NO

ALARM

A REPEAT CYCLES
  ?  1



This sect ion  expla ins how to assign a profile to a loop, how 
to put  a  profile in  RUN or  HOLD mode, how to reset  a profile, 
and how to display profile sta t ist ics. Figure 7.4 shows the 
ramp/soak screens:

ASSIGN R/S

TIME REMAINING

CYCLE NUMBER

SET MODE

RESET

PROFILE



The single loop and bar graph displays show addit iona l 
codes when ramp/soak firmware is insta lled.

When the cont roller  is running a profile, the single loop dis-
play shows the ramp/soak mode where it  would usua lly 
show MAN or  AUTO. Table 7.4  descr ibes the modes.

This is the single loop display when a profile is running.  If 
a  tolerance a la rm occurs, the cont roller  displays a  flash ing 
T in  the a larm symbol posit ion.

The ramp/soak mode is a lso displayed on the bar graph dis-
play.

Table 7.5  descr ibes the cont rol status symbols used for  
loops with  ramp/soak profiles assigned.

STRT

RUN

HOLD

TOHO

WAIT

ALARM

02  347  ˚F
T   180TOHO50

ALARM

01> >    <  < 08
   RSHS  ROMA



From the single loop display, press the  key 
on ce .

This screen shows how much t ime remains to complete the 
profile. All screens that  a re accessed by pressing 

 key have the same in formation on  the top line.

From the single loop display, press the  key 
t w ice . This screen displays the number  of t imes the profile 
has run out  of the tota l number  of cycles. In  th is example, 
the ramp/soak profile is on the 10th of 15 cycles to be per -
formed.

From the single loop display, press the  key 
t h r ee  t imes. The SET MODE parameter  a llows you to 
change the ramp/soak mode.

R

H

S

O

W

ALARM

04 A SEG10/20 R
TIM  REM=  32:11

ALARM

04 A SEG10/20 R 
CYCLE NR= 10/15

ALARM

01 A SEG01/05 R
SET MODE? START



See Running a  Profile on page 148 and Hold ing a  Profile or  
Continu ing from Hold on page 150 for  inst ruct ions on 
changing the ramp/soak mode.

Use th is parameter  to assign  a  profile to a loop.

Se lect a b le  Va lu es: A to Q or  NONE

To assign a  profile to a  loop tha t does not  have a  profile cur-
rent ly assigned:

1. In  the single loop display, switch to the loop you want
to assign a  profile to.

2. Press the  key. The ASSIGN R/S PRO-
FILE  parameter  appears.

3. Choose one of the available profiles and press 
- or  -
press  to return to single loop display without
sending profile data  to the cont roller .

To assign a  new profile to a loop that  already has one assigned:

1. In  the single loop display, switch  to the loop in  which
you want  to change or  unassign the profile.

2. Press the  key three t imes.

3. Press the  key. You will see the RESET PROFILE
parameter . See Resetting a  Profile on page 151.

4. Press  then  to reset  the profile. You will
see the ASSIGN PROFILE parameter . See Assigning a
Profile to a  Loop on  page 148.

5. Choose one of the available profiles or  NONE (to 
unassign) and press .

6. To return to the single loop display without  changing
the profile assignments, press .

When you assign a profile, it  does not  star t  running imme-
dia tely. Instead, the loop is in  the START mode and the 

ALARM

01 ASSIGN R/S 
PROFILE? A



READY segment  (segment  0). Use the SET MODE parameter  
to sta r t  a  profile (put  it  in  RUN mode).

You  can star t  a  profile on ly when it  is in  the READY seg-
ment .

1. In  the single loop display, switch to the loop you want
to star t .

2. Press the  key th ree t imes. The SET
MODE parameter  appears.

3. Press  and  to star t  the profile. While the
profile is in  START mode, the only mode ava ilable is
the RUN mode.

To run several profiles simultaneously, follow these steps:

1. Set  up the profiles so that  segment  1 of each profile
has the same la tched t r igger.

2. Assign the profiles to the appropr ia te loops. The loops
will go to the READY segment of each profile.

3. Set  each  profile to RUN mode.

4. Tr ip the t r igger .

You  can edit  a profile while it  is runn ing. Changes made to 
segments after  the current  segment  will take effect when 
the segment  is reached. Changes made to the segments 
tha t  have already been completed will take effect  the next  
t ime the profile is run. Do not  edit  the cur rent  segment . 
Changes to the current  segment  can have unexpected con-
sequences.

ALARM

01 A SEG01/05 R
SET MODE? RUN



Use the SET MODE parameter  to select  the ramp/soak pro-
file mode. Table 7.6 shows the available modes.

In  HOLD mode, a ll loop parameters stay a t their  cur rent  set -
t ings unt il you change the mode or  reset  the profile. To put  
a  profile in to HOLD mode, follow these steps:

1. In  the single loop display, switch to the loop you want
to hold.

2. Press the  key three t imes to see the SET
MODE parameter :

3. Press  to set  the mode. While the profile is run-
n ing, the on ly mode you will be able select  is HOLD.

4. Press  to hold the profile.

To resume or  cont inue a  profile that  is holding:

1. In  the single loop display, switch to the loop you want
to run.

2. Press the  key three t imes. The SET
MODE parameter  appears.

3. Press  to set  the mode. While the profile is holding,
the only mode you will be able select  is CONT (cont inue).

4. Press  to run the profile.

START RUN

HOLD CONT
HOLD

RUN

RUN HOLD

ALARM

01 A SEG01/05 R
SET MODE?  HOLD



A tolerance can be set  for  each segment . The following oc-
curs when  the process var iable goes outside th is tolerance:

• The profile goes in to tolerance hold

• The segment  t imer holds

• The loop’s single loop display shows TOHO

• The tolerance a la rm t imer sta r ts

If the process var iable returns with in  the segment  toler-
ance before the tolerance a la rm t ime elapses, the profile re-
turns to RUN mode and the tolerance a la rm t imer resets.

The following occurs if the profile remains out  of tolerance 
for  longer  than the tolerance a larm t ime:

• The cont roller  displays the single loop display with  the 
tolerance alarm (a flash ing T)

• The globa l a la rm output  turns on

Press  to:

• Turn off the global a la rm output

• Reset  the tolerance a larm t imer

• Clear  the tolerance ala rm

If the process var iable does not  return  with in  the tolerance, 
the tolerance a la rm will recur after  the tolerance alarm 
t ime elapses aga in.

If the a la rm persists you may want  to reset  the profile.

To reset  a profile, follow these steps:

1. In  the single loop display, switch to the loop you want
to reset .

2. Press the  key three t imes to see the 
SET MODE parameter .

3. Press the  key. The following screen will display:

4. Press  to reset  the profile, and then  to con-
firm your choice.

When you  reset  a  profile, the following happens:

• The profile returns to the ready segment . The setpoint  
goes to the ready setpoint , and the even t ou tputs go to 
the sta tes you specified for  the READY EVENT OUTPUT 
parameter  in  the READY SEGMENT EDIT EVENTS sub-
menu (See Ready Segment Ed it Events on page 139.)

ALARM

01 A SEG01/05 R
SET MODE? RESET



• The cont roller  shows you  the ASSIGN R/S PROFILE  
screen in  case you would like to assign a  different  pro-
file to the loop or  select  NONE to unassign the profile.

If the power fa ils or  the cont roller  is otherwise powered 
down while running a ramp/soak profile, by default  the pro-
file is set  to the START mode when power is restored.

If the POWER UP OUTPUT STATUS parameter  in  the SETUP 
GLOBAL PARAMETERS menu is set  to MEMORY, then after  a  
power fa ilure the profile will resume opera t ion a t the 
elapsed t ime of the segment  tha t  was act ive when the pow-
er  fa ilure occurred.



This chapter  descr ibes the differen t methods of cont rol 
ava ilable with  the CLS200. This chapter  covers cont rol a l-
gor ithms, cont rol methods, PID con trol, sta r t ing PID va l-
ues and tun ing inst ruct ions to help appropr iately set  
cont rol parameters in  the CLS200 system. For more in for-
mat ion on PID cont rol, consu lt  the Wa tlow Anafaze Practi-
ca l Guide to PID.

This sect ion explains the algor ithms available for  con trol-
ling a loop.

The cont rol a lgor ithm dicta tes how the cont roller  responds 
to an inpu t signa l. Do not  con fuse cont rol a lgor ithms with 
cont rol output  signals (for  example, analog or  pu lsed dc 
voltage). There are several control a lgor ithms available: 

• On/off 

• Propor t ional (P)

• Propor t ional and in tegra l (PI)

• Propor t ional with  der ivat ive (PD)

• Propor t ional with  in tegra l and der iva t ive (PID) 

P, PI or  PID cont rol is necessary when process var iable cy-
cling is unacceptable or  if the load or  setpoint  var ies. 



On/off cont rol is the simplest  way to cont rol a  process. The 
cont roller  turns an outpu t on or  off when the process var i-
able reaches limits around the desired setpoint . Th is limit  
is adjustable; Wat low Anafaze cont rollers use an adjust -
able spread. 

For example, if the setpoint  is 1,000˚ F  and the spread is 
20˚ F , the heat  outpu t switches on when the process var i-
able drops below 980˚ F and off when  the process r ises 
above 1,000˚ F . A process using on/off cont rol cycles around 
the setpoint . F igure 8.1 illust rates th is example.

Proport ional cont rol eliminates cycling by increasing or  de-
creasing the output  proport iona lly with  the process var i-
able’s devia t ion from the setpoint . 

The magnitude of propor t ional response is defined by the 
proport ional band. Outside th is band, the ou tput  is either  
100% or  0%. With in  the propor t ional band the output  pow-
er  is proport iona l to the process var iable’s devia t ion from 
the setpoint .

For example, if the setpoint  is 1,000˚ F and the proport ional 
band is 20˚ F, the outpu t is:

• 0% when the process var iable is 1,000˚ F  or  above

• 50% when the process var iable is 990˚ F

• 75% when the process var iable is 985˚ F

• 100% when the process var iable is 980˚ F  or  below 

However, a process which uses only propor t ional cont rol 
set t les a t  a  point  above or  below the setpoint ; it  never 
reaches the setpoin t by itself. Th is behavior  is known as off-
set or  d roop.



With proport iona l and in tegra l cont rol, the in tegral term 
corrects for  offset  by repeat ing the proport iona l band’s er -
ror  cor rect ion  unt il there is no error . For  example, if a pro-
cess tends to set t le about  5˚ F  below the setpoint , 
appropr ia te in tegra l cont rol br ings it  to the desired set t ing 
by gradua lly increasing the output  unt il there is no devia-
t ion .

Propor t ional and in tegra l act ion working together  can  
br ing a process to setpoint  and stabilize it . However , with  
some processes the user  may be faced with  choosing be-
tween parameters tha t make the process very slow to reach 
setpoint  and parameters tha t  make the cont roller  respond 
quickly, but  in t roduce some t ransien t oscilla t ions when the 
setpoint  or  load changes. The extent  to which these oscilla -
t ions of the process var iable exceed the setpoint  is called 
overshoot.

Der iva t ive cont rol corrects for  overshoot  by ant icipat ing 
the behavior  of the process var iable and adjust ing the out -
put  appropr iately. For example, if the process var iable is 



rapidly approach ing the setpoint  from below, der ivat ive 
cont rol reduces the output , ant icipat ing that  the process 
var iable will reach setpoint . Use it  to reduce overshoot and 
oscilla t ion of the process var iable common to PI cont rol. 
F igure 8.4 shows a process under fu ll P ID cont rol.

Each loop may have one or  two outpu ts. Often a  heater  is 
cont rolled according to the feedback from a thermocouple, 
in  which case only one output  is needed.

In other  applica t ions, two outputs may be used for  con trol 
according to one input . For example, a system with  a  heater  
and a  proport iona l va lve that  con trols cooling water  flow 
can be cont rolled according to feedback from one thermo-
couple.

In  such systems, the cont rol a lgor ithm avoids switch ing too 
frequent ly between heat and cool outpu ts. The on/off a lgo-
r ithm uses the SPREAD parameter  to prevent such oscilla-
t ions (see Spread on page 92). When PID cont rol is used for  
one or  both loop outputs, both  the SPREAD parameter  and 
PID parameters determine when cont rol switches between 
heat ing and cooling.



The cont roller  provides open collector  outputs for  cont rol. 
These outputs normally cont rol the process using solid 
state relays. 

Open collector  outputs can be configu red to dr ive a ser ia l 
digita l-to-analog conver ter  (Ser ia l DAC) which, in  turn, 
can provide 0 to 5 V (dc), 0 to 10 V  (dc) or  4 to 20 mA 
cont rol signa ls to opera te field output  devices.

The following sect ions explain  the different  cont rol output  
signals available.

When on/off cont rol is used, the output  is on or  off depend-
ing on the difference between the setpoin t and the process 
var iable. PID a lgor ithms are not  used with  on/off cont rol. 
The output  var iable is a lways off or  on (0% or 100%).

With t ime propor t ion ing outputs, the PID algor ithm calcu-
lates an output  between 0 and 100%, which is represented 
by turn ing on an output  for  that  percent  of a  fixed, user -se-
lected t ime base or  cycle t ime.

The cycle t ime is the t ime over which the output  is propor -
t ioned, and it  can be any va lue from 1 to 255 seconds. For  
example, if the output  is 30% and the cycle t ime is 10 sec-
onds, then the outpu t will be on for  3 seconds and off for  7 
seconds. F igure 8.5 shows examples of t ime proport ion ing 
and dist r ibuted zero crossing (DZC) waveforms.



With DZC outputs, the PID a lgor ithm calcu la tes an output  
between 0 and 100%, but  the ou tput  is dist r ibuted on  a  
var iable t ime base. For each ac line cycle, the cont roller  de-
cides whether the power  should be on or  off. There is no 
fixed cycle t ime since the decision is made for  each line cy-
cle. When used in  conjunct ion with  a zero crossing device, 
such as a  solid sta te relay (SSR), switch ing is done only a t  
the zero crossing of the ac line, which helps reduce elect r i-
cal noise. 

Using a  DZC output  should extend the life of heaters. Since 
the t ime per iod for  60 Hz power  is 16.6 ms, the switching 
in terva l is very short  and the power  is applied uniformly. 
DZC should be used with  SSRs. Do not  use DZC output  for  
elect romechanical relays. 

The combinat ion of DZC output  and a  solid sta te relay can 
inexpensively approach  the effect  of ana log, phase-angle 
fired cont rol. Note, however, DZC switch ing does not  limit  
the cur rent  and voltage applied to the heater  as phase-an-
gle fir ing does.

This output  type performs exact ly the same as DZC except  
tha t  the min imum switch ing t ime is three ac line cycles. 
This may be advantageous in  some applica t ions using 
three-phase heaters and three-phase power  switch ing.

For ana log outputs, the PID a lgor ithm calcu la tes an output  
between 0 and 100%. This percentage of the ana log output  
range can be applied to an ou tput  device via a Dua l DAC or 
a  Ser ia l DAC.

The outpu t filter  digita lly smooths PID cont rol output  sig-
na ls. It  has a  range of 0 to 255 scans, which  gives a t ime 
constant  of 0 to 170 seconds for  a CLS216, 0 to 85 seconds 
for  a  CLS208 or  0 to 43 seconds for  a CLS204. Use the out-
put  filter  if you need to filter  ou t er ra t ic output  swings due 
to ext remely sensit ive input  signals, like a  turbine flow sig-
na l or  an open a ir  thermocouple in  a  dry a ir  gas oven. 

The outpu t filter  can also enhance PID cont rol. Some pro-
cesses are very sensit ive and wou ld otherwise require a  
la rge propor t ional band, making normal cont rol methods 
ineffect ive. Using the output  filter  a llows a  smaller  propor -
t iona l band to be used, achieving bet ter  con trol. 

Also, use the filter  to reduce the process ou tput  swings and 
output  noise when a  large der iva t ive is necessary, or  to 
make badly tuned PID loops and poor ly designed processes 
behave proper ly.



With reverse act ion an increase in  the process var iable 
causes a  decrease in  the output . Conversely, with  direct  ac-
t ion  an  increase in  the process var iable causes an increase 
in  the output . Heat ing applica t ions normally use reverse 
act ion and cooling applica t ions usua lly use direct  act ion.

After  insta lling your  cont rol system, tune each cont rol loop 
and then set  the loop to automat ic cont rol. When tun ing a 
loop, choose PID parameters that  will best  cont rol the pro-
cess. This sect ion gives PID va lues for  a  var iety of heat ing 
and cooling applica t ions.

Table 8.1  shows propor t ional band sett ings for  var ious 
tempera tures in  degrees Fahrenheit  or  Celsius.

As a  genera l ru le, set the proport iona l band to 10% of the 
setpoint  below 1000̊ and 5% of the setpoint  above 1000˚. 
Th is set t ing is usefu l as a  star t ing value.

-100 to 99 20 1100 to 1199 75 2200 to 2299 135
100 to 199 20 1200 to 1299 80 2300 to 2399 140
200 to 299 30 1300 to 1399 85 2400 to 2499 145
300 to 399 35 1400 to 1499 90 2500 to 2599 150
400 to 499 40 1500 to 1599 95 2600 to 2699 155
500 to 599 45 1600 to 1699 100 2700 to 2799 160
600 to 699 50 1700 to 1799 105 2800 to 2899 165
700 to 799 55 1800 to 1899 110 2900 to 2999 170
800 to 899 60 1900 to 1999 120 3000 to 3099 175
900 to 999 65 2000 to 2099 125 3100 to 3199 180

1000 to 1099 70 2100 to 2199 130 3200 to 3299 185



The cont roller ’s in tegral parameter  (TI ) is set  in  seconds 
per repeat . Some other  products use an in tegral term called 
reset , in  un its of repeats per  minute. Table 8.2  shows in te-
gra l set t ings versus reset  set t ings.

As a  genera l ru le, use 60, 120, 180 or  240 as a  sta rt ing va l-
ue for  the in tegra l.

The cont roller ’s der iva t ive parameter  (TD) is programmed 
in  seconds. Some other  products use a  der iva t ive term 
called ra te programmed in  minu tes. Use the table or  the 
formula  to convert  parameters from one form to the other. 
Table 8.3  shows der iva t ive versus ra te. Rate = Der iva t ive/
60.

As a genera l ru le, set  the der ivat ive to 15% of in tegral as a 
star t ing va lue.

5 0.08 35 0.58
10 0.16 40 0.66
15 0.25 45 0.75
20 0.33 50 0.83
25 0.41 55 0.91
30 0.50 60 1.0



This sect ion  gives PID va lues for  many applicat ions. They 
are usefu l as cont rol va lues or  as star t ing points for  PID 
tun ing. 

Set  the proport iona l band to 7% of the setpoint .
(Example: Setpoint  set to 450, proport ional band set  to 31).

• Set  the propor t ional band to 10% of setpoint . 
(Example: Setpoint  set  to 450, proport iona l band set  to 
45).

• Set  in tegra l to 60.

• Set  der iva t ive to Off.

• Set  the output  filter  to 2.

• Set  the propor t ional band to 10% of the setpoint . 
(Example: Setpoint  set  to 450, proport iona l band set  to 
45).

• Set  the in tegra l to 60.

• Set  the der ivat ive to 15% of the in tegra l.
(Example: In tegra l set  to 60, der ivat ive set  to 9).

• Set  the output  filter  to 2.

Table 8.4 on page 162 shows general P ID constants by ap-
plicat ion .



50 60 15 4 DZC - Reverse

50 60 15 6 TP 20 Reverse

70 500 90 4 TP 10 Direct

10 Off 10 4 TP 10 Direct

30 20 Off 4 DZC - Reverse

60

100

120

240

25

40

8 Analog - Reverse



The cont roller  is on ly one par t  of your con trol system. Of-
ten, what  appears to be a  problem with  the cont roller  is re-
a lly a  problem with  other  equipment , so check these things 
first :

• Cont roller  is insta lled correct ly. (See Chapter  2, In-
sta lla tion for  help.)

• Sensors, such as thermocouples and RTDs, a re in-
sta lled correct ly and working.

If the t roubleshoot ing procedures in  th is chapter  do not  
solve your system’s problems, call Applicat ion  Engineering 
for  addit iona l t roubleshoot ing help. If you need to return 
the unit  to Wat low Anafaze for  test ing and repa ir , Custom-
er  Service will issue you an RMA number. See Return ing 
Your  Unit on page 164. 



If you are cer ta in  the installat ion is cor rect , you can t ry re-
placing the cont roller . If the second unit  works correctly, 
then the problem is specific to the cont roller  you  replaced.

Before return ing a  cont roller , contact your  supplier  or  call 
Watlow for  technical suppor t .

Cont rollers purchased as par t  of a piece of equipment  must  
be serviced or  retu rned th rough the equipment  manufac-
turer . Equipment  manufacturers and author ized dist r ibu-
tors should call customer  service to obta in a return 
mater ia ls author iza t ion (RMA) number . Shipments with-
out  an RMA will not  be accepted. Other  users should con-
tact  their  suppliers for  inst ruct ions on return ing products 
for  repair .

A problem may be indicated by one or  more of severa l types 
of symptoms:

• A process or  devia t ion alarm

• A fa iled sensor  a la rm

• A system alarm

• Unexpected or  undesired behavior

The following sect ions list  symptoms in  each of these cate-
gor ies and suggest  possible causes and correct ive act ions.

When a  process or  devia t ion ala rm occurs, the cont roller  
switches to the single loop display for  the loop with  the 
a la rm and displays the ala rm code on the screen. Software 
such as AnaWin or  WatView displays a message on the 
a la rm screen and logs the ala rm in  the event  log.

HP

HD

LD

LP



In  a  heat ing applica t ion, a low process or  low devia t ion 
a la rm may indicate one of the following:

• The heater  has not  had t ime to ra ise the tempera ture.

• The load has increased and the tempera ture has fa ll-
en.

• The cont rol sta tus is set  to manual instead of au tomat ic.

• The heaters are not  working due to a hardware fa ilure.

• The sensor is not  placed correct ly and is not  measur ing 
the load’s tempera ture.

• The devia t ion limit  is too narrow.

• The system is so poor ly tuned that  the tempera ture is 
cycling abou t setpoint  by more than the a la rm limit .

In  a  heat ing applicat ion, a h igh process a la rm or  h igh devi-
a t ion alarm may indica te one of the following:

• The setpoint  and h igh process limit  have been lowered 
and the system has not  had t ime to cool to with in  the 
new a larm limit .

• The control sta tus is set  to manua l and the heat  out -
put  is greater  than 0%.

• The load has decreased such tha t  the tempera ture has 
r isen.

• The heater  is fu ll-on due to a hardware fa ilure.

• The system is so poor ly tuned that  the tempera ture is 
cycling abou t setpoint  by more than the a la rm limit .

Your response to an a larm depends upon the a la rm type 
set t ing, as expla ined in  Table 9.2 below.



 

When a fa iled sensor  a larm occurs, the cont roller  switches 
to the single loop display for  the loop with  the a larm and 
displays an a larm code on the screen . AnaWin or  WatView 
displays a  message on the a la rm screen and logs the alarm 
in  the event  log.

 

Table 9.3 Failed Sensor Alarm Codes

 

A fa iled sensor a larm clears once it  has been  acknowledged 
and the sensor is repa ired.

 

If the cont roller  detects a hardware problem, it  displays a  
message. The message persists unt il the condit ion is cor -
rected.

 

Table 9.4 Hardware Error Messages

 

FS

 

RT

 

ST

 

RO

 

RS

 

LOW POWER

 

Low Power on page 168

 

BATTERY DEAD

 

Battery Dead on page 168

 

AW

 

Ambient Warning on page 
168

 

H/W AMBIENT FAILURE

 

Î

 

H/W Ambient Failure on 
page 169

 

H/W GAIN FAILURE

 

H/W Gain or Offset Failure 
on page 170

 

H/W OFFSET FAILURE

 

H/W Gain or Offset Failure 
on page 170



The following table indica tes potent ia l problems with  the 
system or cont roller  and recommends cor rect ive act ions.

Checking Analog Inputs on page 171.

Wiring the 
Power Supply on page 25

Replacing the 
EPROM on page 176

Return-
ing Your Unit on page 164

Keys Do Not Respond on page 170

Return-
ing Your Unit on page 164

JOB SELECT DIG INPUTS NONE

Job 
Select Digital Inputs on page 76

Wiring the 
Power Supply on page 25

POWER UP OUTPUT STATUS MEM-
ORY Power Up Output Status on page 
78

System Alarms on page 
166

NO-Key 
Reset on page 176



The following sect ions detail procedures you may use to di-
agnose and cor rect  problems with  the cont roller .

If the cont roller  displays LOW POWER or  the display is not  lit :

1. Acknowledge the ala rm.

2. If the error  message remains, turn the power  to the
cont roller  off, then on aga in.

3. If the er ror  message returns, check tha t the power
supplied to the controller  is at  least  12.0V (dc) @ 1 A.
See Wir ing the Power Supply on page 25.

4. If the error  message returns aga in, make a record of
the set t ings if possible (using software). Then, per form
a -key reset  (see NO-Key Reset on page 176).

5. If the er ror  is not  cleared, contact  your supplier  for fu r-
ther  t roubleshoot ing guidance. See Return ing Your
Unit on page 164.

The dead bat tery a larm indica tes that  the CLS200 bat tery 
is not  funct ion ing correct ly or  has low power or  no power. If 
th is a la rm occurs, parameters have reset  to the factory de-
fau lt  set t ings.

If the controller  displays BATTERY DEAD:

1. Acknowledge the a la rm.

2. If the er ror  message remains, turn the power to the
cont roller  off, then on aga in.

3. If the er ror  message returns when power is restored,
perform a -key reset . See NO-Key Reset on page 176.

4. If the er ror  is not  cleared, contact  your supplier  for fu r-
ther  t roubleshoot ing guidelines. See Return ing Your
Unit on page 164.

The ambient  warn ing alarm indicates that  the ambient  
tempera ture of the cont roller  is too hot  or  too cold. Ambien t 
warn ing occurs when the cont roller ’s tempera tu re is in the 



range of 23 to 32° F or  122 to 131° F (-5 to 0° C or  50 to 
55° C). The operat ing limits a re 32 to 122°  F  (0 to 50° C).

If the cont roller  displays AW in  the lower  left  corner  of the 
display:

1. Acknowledge the ala rm.

2. If the er ror  message remains, check the ambien t a ir
tempera ture near the cont roller . Adjust  vent ila t ion,
cooling or  heat ing to ensure tha t  the tempera tu re
around the cont roller  is 32 to 122° F  (0 to 50° C). If the
unit  is funct ion ing correct ly, the er ror  will clear  when
the ambient  temperature is with in  range and the
alarm has been acknowledged.

3. If the ambient  tempera ture is with in  range and the er-
ror  persists:

a) Turn the power to the cont roller  off.

b) Remove the boards from the CLS200 housing.
See Replacing the EPROM on page 176.

c) Reseat  the boards and turn the power  on.

4. If the error  persists, make a record of the set t ings then
per form a  -key reset . See NO-Key Reset on page 176.

5. If the error  is not  cleared, contact  your supplier  for fur-
ther  t roubleshoot ing guidelines. See Return ing Your
Unit on page 164.

The hardware ambien t fa ilu re ala rm indicates that  the am-
bient  sensor  in  the CLS200 is repor t ing tha t  the tempera-
ture around the cont roller  is outside of the acceptable 
range of 0 to 50° C. This error  can a lso occur when there is 
a  hardware fa ilure.

If the cont roller  displays H/W AMBIENT FAILURE :

1. Acknowledge the ala rm.

2. If the er ror  message remains, check the ambient  a ir
tempera ture near the cont roller . Adjust  vent ila t ion,
cooling or  heat ing to ensure tha t  the tempera tu re
around the cont roller  is 0 to 50° C. If the unit  is func-
t ion ing correct ly, the error  will clear  automat ically
when the ambient  temperature is with in  range and
the a la rm has been acknowledged.

3. Remove any connect ions to the 5V (dc) reference
(TB1-18) on the back of the cont roller . If th is cor rects
the problem, there was an er ror  in  the wir ing. You
may need to consult  technical suppor t  to determine
the correct  wir ing.

4. If the ambient  tempera ture is with in  range and the er-
ror  persists:



a) Turn the power  to the con troller  off.

b) Remove the boards from the CLS200 housing.

c) Reseat  the boards and turn power  on.

5. If the error  persists, make a  record of the set t ings,
then per form a -key reset . See NO-Key Reset on
page 176.

6. If the error  is not  cleared, contact  your supplier  for fu r-
ther  t roubleshoot ing guidelines. See Retu rn ing Your
Unit on page 164.

If the controller  displays H/W GAIN FAILURE  or
H/W OFFSET FAILURE :

1. Acknowledge the ala rm.

2. If the error  message remains, turn the power  to the
cont roller  off, then on aga in.

3. If the H/W Gain error  is repor ted, remove any connec-
t ions to the 5V  (dc) reference (TB1-18) on the back of
the cont roller . If th is cor rects the problem, there was
an er ror  in  the wir ing. You may need to consult  tech-
n ica l support  to determine the correct  wir ing. 

4. If the error  persists, make a record of the set t ings (us-
ing software), then perform a  -key reset . See NO-
Key Reset on page 176.

5. If the error  is not  cleared, con tact  your supplier  for fu r-
ther  t roubleshoot ing guidelines. See Retu rn ing Your
Unit on page 164.

If the CLS200 seems to funct ion but  the , 
, , and  keys do not  respond when 

you press them, the keypad is probably locked. Unlock the 
keypad according to the inst ruct ions in  Keyboa rd Lock Sta-
tus on page 78.



If the process var iable displayed in  the software and on the 
cont roller  do not  agree:

1. Ver ify that  the cont roller  is communica t ing.

2. If the process var iable indicated on the cont roller  dis-
play is incor rect:

a) Ver ify tha t you have selected the correct  input
type for  the affected loops.

b) Ver ify tha t  sensors are proper ly connected.

3. If the sensors are correct ly connected, with  power on to
the heaters check for  h igh common mode voltage:

a) Set  a  voltmeter  to measure volts ac.

b) Connect  the negat ive lead to a good earth ground.

c) One by one, check each input  for  ac voltage by
connect ing the posit ive lead on the voltmeter  to
the posit ive and negat ive sensor input  connec-
t ions. The process var iable should indica te ambi-
ent  tempera tu re. If it  does not , contact  your
supplier  to return the unit  for  repa ir . See Return -
ing Your  Unit on page 164.

4. Ver ify the sensors:

• For  thermocouples, remove the thermocouple
leads and use a  digita l voltmeter  to measure the
resistance between the posit ive and negat ive
thermocouple leads. A value of 2 to 20 Ω is nor -
mal. Readings in  excess of 200 Ω indicate a prob-
lem with  the sensor .

• For  RTDs, measure between the IN+ and IN- ter-
mina ls of TB1. RTD inputs should read between
20 and 250 Ω.

5. To ver ify that  the con troller  hardware is working cor-
rect ly, check any input  (except  the pulse input  or  an
RTD) as follows:

a) Disconnect  the sensor wir ing.

b) Set  the INPUT TYPE  to J T/C  in  the SETUP LOOP
INPUT menu.

c) P lace a short  across the input . The cont roller
should indica te the ambient  temperature on the
channel you  are test ing.



If you suspect  a problem with the ac ground or  a  ground loop:

• Measure for  ac voltage between ac neutra l and panel 
chassis ground. If ac voltage above 2V (ac) is ob-
served, then there may be a  problem with  the ac power 
wir ing. This should be cor rected per loca l elect r ica l 
codes.

• With ac power  on, measure for  ac voltage tha t may be 
present  between cont rol panels’ chassis grounds. Any 
ac voltage above 2V (ac) may indicate problems with  
the ac ground circu it .

• Check for  ac voltage on  thermocouples with  the heater  
power on. A cont rol output  providing power to the 
heaters will increase the ac voltage if there is heater  
leakage and an  improper  grounding circu it . Measure 
from either  posit ive or  negat ive thermocouple lead to 
ac ground. AC voltage above 2V (ac) may indicate the 
ground lead is not  connected to the CLS200 TB2 
ground termina l.

If the above tests indica te proper  ac grounding bu t the con-
t roller  is indica t ing incor rect  temperatures or  process read-
ings:

• Ver ify which type of sensor is insta lled and tha t  the 
INPUT TYPE  parameter  is set  accordingly.

• For an RTD or linear  voltage or  cur rent  input , check 
tha t  the correct  input  sca ling resistors are insta lled 
(page 180) and check the input  scaling parameter  set -
t ings (page 86).

• If readings are errat ic, look for  sources of elect r ica l 
noise. See Noise Suppression on page 22.

• E liminate possible ground loops. See Ground Loops on 
page 24.

• Contact your supplier  for  fur ther  t roubleshoot ing 
guidance. See Return ing Your Unit on page 164.

To check cont rol outputs:

• Set  the loop you want  to check to manual mode. 

• Set  the output  power percentage to the desired level. 

• Set  the output  type to ON/OFF or  TP (see Chapter  4, 
Setup). 

If the cont rol output  is not  connected to an output  device 
like an SSR, connect  an LED in  ser ies with  a  1 kΩ resistor  
from +5V to the outpu t. (Tie the anode of the LED to +5V.) 
The LED should be off when  the outpu t is 0% and on when 
the output  is 100%. 



Connect  the solid sta te relay (SSR) cont rol terminals to the 
CLS200 con trol outpu t and connect  a  light  bu lb (or  other  
load tha t  can easily be ver ified) to the output  terminals on 
the SSR. Put  the loop in  manua l mode and set  the output 
to 100%. The ac load should tu rn on.

Do not  at tempt  to measure ac voltage a t  the SSR’s output 
terminals. Withou t a  load connected, the SSR’s output  ter -
minals do not  turn  off. Th is makes it  difficu lt  to determine 
whether  the SSR is actua lly working. Measure the voltage 
across a load or  use a  load that  can be visua lly ver ified, 
such as a  light  bu lb.

1. Turn on power to the cont roller .

2. Measure the +5V (dc) supply a t  the TB18 or  TB50.
The voltage should be +4.75 to +5.25V (dc):

a) Connect  the voltmeter ’s common lead to the TB18
screw termina l 2 or  TB50 screw termina l 3.

b) Connect  the voltmeter ’s posit ive lead to the TB18
or TB50 screw termina l 1.

1. Turn off power  to the con troller .

2. Disconnect  any process output  wir ing on the output  to
be tested.

3. Connect  a  500 Ω to 100 kΩ resistor  between the 
+5V termina l (TB18 or  TB50 screw termina l 1) and the
output  termina l you want to test .

4. Connect  the voltmeter ’s common lead to the output
termina l, and connect  the voltmeter ’s posit ive lead to
the +5V termina l.

5. Restore power to the cont roller .

6. If you are test ing a PID cont rol output, use the 
 key to turn  the output  on (100%) and off (0%).

When the output  is off, the output  voltage should be
less than 1V. When the output  is on, the outpu t volt -
age should be between +3.75 and +5.25V.

7. If you are test ing a  digita l output  not  used for  cont rol,
use the MANUAL I/O TEST  menu to turn the output  on
and off. See Manua l I/ O Test on page 103.

1. Turn off power  to the con troller .

2. Disconnect  any system wir ing from the input  to be
tested.



3. Restore power to the cont roller .

4. Go to the DIGITAL INPUTS  parameter  in  the MANUAL
I/O TEST  menu. This parameter  shows whether  the
digita l inputs are H (h igh, or  open) or  L (low, or  closed).

5. Attach a  wire to the terminal of the digita l input  to
test . When the wire is connected only to the digita l in-
put  termina l, the DIGITAL INPUTS  parameter  should
show that  the input  is H (h igh). When you connect  the
other  end of the wire to cont roller  common (TB50 ter -
mina l 3), the DIGITAL INPUTS  parameter  should
show that  the input  is L (low). 

These four  elements must  work proper ly in  a  computer -su -
pervised system:

• The cont roller

• The computer  and its EIA/TIA-232 or  EIA/TIA-485 se-
r ia l in ter face

• The EIA/TIA-232 or EIA/TIA-485 communication lines

• The computer  software

For t roubleshoot ing, disconnect  the communicat ions line 
from the computer  and follow the t roubleshoot ing steps in  
the first  sect ion of th is chapter . The next  few sect ions ex-
pla in  t roubleshoot ing for  the other elements of computer  
supervised systems.

If you are having computer  or  ser ia l in ter face problems, 
check the following:

• Check your  software manua l and make sure your com-
puter  meets the software and system requirements.

• Check the communica t ions in ter face, cables, and con-
nect ions. Make sure the ser ia l in ter face is set  accord-
ing to the manufacturer ’s inst ruct ions.

• To test  an E IA/TIA-232 in ter face, purchase an EIA/
TIA-232 tester  with  LED indicators. At tach the tester  
between the cont roller  and the computer . When the 
computer  sends data  to the cont roller , the tester ’s TX 
LED should blink. When the computer  receives data  
from the cont roller , the RX LED shou ld blink. 

• You  can also connect  an oscilloscope to the t ransmit  or  
receive line to see whether da ta is being sent  or  re-
ceived. If the ser ia l por t  does not appear to be working, 
the software setup may need to be modified or  the 
hardware may need to be repa ired or  replaced.



Most  communica t ions problems are due to incorrect  wir ing 
or  incor rect ly set  communicat ions parameters. Therefore, 
when there is a  problem, check the wir ing and communica-
t ions sett ings first . Ver ify the following:

• Communica t ions por t : Software must be configured to 
use the communicat ions port  to which the cont roller  is 
connected.

• Software protocol: Set  the cont roller  to MOD (Modbus) 
for  AnaWin or  WatView, ANA (Anafaze) for  Anasoft  or  
Anascan.

• Cont roller  address: Configure software to look for  the 
cont roller  a t  the correct  address. In  a mult iple-cont rol-
ler  insta llat ion, each cont roller  must  have a  unique 
address.

• Baud ra te: Software and cont roller  must  be set  the 
same.

• Error  checking (ANA protocol on ly): Software and con-
troller  must  be set the same (CRC or  BCC).

• Hardware protocol: PC and con troller  must  use the 
same protocol, or  a converter  must  be used. The con-
troller  is typica lly configured for  E IA/TIA-232 when it 
is sh ipped. See Changing Communica tions on page 
179 to change between E IA/TIA-232 and EIA/TIA-485. 
To communicate with  more than  one cont roller , or  
when  more than 50 feet  of cable is required, use EIA/
TIA-485. Even for  a  single cont roller , you may use 
EIA/TIA-485 and an opt ica lly isola t ing converter  to 
eliminate ground loops.

• Conver ter : Make sure tha t the EIA/TIA-232-to-485 
conver ter  is powered, configured and wired cor rect ly.

• Cables: Check cont inu ity by placing a  resistor  across 
each pa ir  of wires and measur ing the resistance with 
an ohmmeter at  the other end.

Many PC commun ica t ions ports have their  common wires 
connected to chassis ground. Once connected to the cont rol-
ler , th is can provide a  pa th to ground for  cu rrent  from the 
process that  can enter  the cont roller  through  a  sensor (such 
as a thermocouple). This creates a  ground loop tha t can af-
fect  communicat ions and other con troller  funct ions. To 
eliminate a  ground loop, either  use an opt ically isolated 
communica t ions adapter  or  take measures to ensure tha t 
sensors and all other  connect ions to the cont roller  are iso-
lated and not  conduct ing current  in to the unit . 



If the controller  and ser ia l commun ica t ions connect ions 
seem to be working cor rect ly, but  you are st ill not  get ting 
the result  you expect , consult  the resources you have ava il-
able for  the software program you are using.

Consult  the AnaWin  or  Anasoft  User ’s Guide for  help with  
the user in ter face. WatView comes with  a context -sensit ive 
help expla in ing opera t ion of the software. Context -sensi-
t ive means that  you can press the F1 key to get  help related 
to the part  of the program you are using.

You can request  a  communicat ions specificat ion from Wat-
low Anafaze if you want  to wr ite your own software. Wat-
low Anafaze will answer  technica l quest ions that  a r ise 
dur ing your  software development  process, but  does not  
otherwise support  user-developed or  th ird-party software 
in  any way.

Performing a -key reset  returns a ll cont roller  set t ings to 
their  defaults. All recipes are also cleared. 

To per form a  -key reset:

1. Make a  record of the con troller ’s sett ings.

2. Turn off power  to the unit .

3. Press and hold the  key on the keypad.

4. Turn on power to the cont roller  st ill holding the 
key. 

5. When prompted RESET WITH DEFAULTS?, release the
 key and press the  key.

6. If you do not see the RESET WITH DEFAULTS? prompt
or  do not get  a chance to press , repeat  the proce-
dure.

7. Restore the con troller  set t ings.

If you have a stand-alone system, there is no way to recover 
your or igina l parameters. If you have a  computer-super-
vised system with  AnaWin  or  Anasoft , a copy of your pa-
rameters can be saved to a job file. 

Replacing the EPROM involves minor mechanical disas-
sembly and reassembly of the cont roller . You will need a  
Phillips screwdr iver  and a small fla thead screwdr iver .



1. Make a  record of system parameters.

2. Power down the cont roller .

3. Remove the four  screws from the sides of the cont roller
front  panel.

4. Remove the elect ron ics assembly from the case, as
shown in  F igure 9.1.

5. Unscrew the four  screws a t  the corners of the top
board and carefu lly unplug th is board to access the
bot tom board (processor board). F igure 9.2 shows the
screws to remove:

WATLOW ANAFAZE CLS200

WATLOW ANAFAZE CLS200



6. Locate the EPROM on the circu it  board. The EPROM
is a 32-pin socketed ch ip tha t  is labeled with  the mod-
el, version and checksum.

7. Remove the exist ing EPROM from its socket  with  an
IC ext ract ion tool or  a  jeweler ’s fla thead screwdr iver .

8. Carefu lly insert  the new EPROM into the EPROM
socket . Make sure tha t  the ch ip is or iented so that  its
notch fits in  the corresponding corner of the socket .

9. Reverse steps 2 through 4 to reassemble the unit .

10. Power up the cont roller .

11. Re-enter  parameters.

WATLOW ANAFAZE CLS200



To switch between EIA/TIA-232 and EIA/TIA-485, change 
the jumpers as shown in  Figure 9.5.

You  will need tweezers and a  Phillips head screwdr iver  to 
switch between EIA/TIA-232 and EIA/TIA-485. Follow 
these steps: 

1. Power down the unit .

2. Remove the cont roller ’s metal casing. See Replacing
the EPROM on page 176 for  step-by-step inst ruct ions.

3. Find jumpers J U2, J U3, J U4, and J U5 on the board. 

4. Use tweezers to carefu lly grasp the jumpers and gen-
t ly slide them off the pins.

5. Use tweezers to gent ly slide jumpers J U2, J U3, J U4
and J U5 onto the correct  pins (see F igure 9.5).

6. If you are configur ing the con troller  as the last  device
on an EIA/TIA-485 network, move J U1 to the B posi-
t ion. 

7. Reassemble the cont roller .



Resistors are insta lled for  a ll inputs on the CLS200. Inputs 
with  signa l ranges between -10 and +60 mV use 0 Ω resis-
tors in  the RC posit ion only. All other  input  signa ls require 
specia l input  sca ling resistors.

The CLS204 and CLS208 can accept  different ia l thermo-
couple, mV  (dc), V  (dc), mA  (dc) and RTD inputs. Un-
less ordered with  specia l inputs these cont roller  accept  on ly 
signa ls with in  the standard range -10 to 60mV (dc).

To accommodate other signa ls, the input  circu it  must  be 
modified. When configured for  thermocouple inputs, 0 Ω re-
sistors are insta lled in  a ll RC locat ions. To accommodate 
voltage signals outside the standard range, milliamp cur-
rent  signals or  RTDs, resistors are added or  replaced to 
sca le the signals to the standard range. These resistor  can  
be insta lled by Wat low Anafaze or  by a  qua lified elect ron ics 
technician using sca ling resistors supplied by Wat low 
Anafaze.

F igure 9.6 shows the inpu t circu it  for  one different ial, ana-
log inpu t. See CLS204 and  CLS208 Cur rent Inputs on  page 
181 through CLS204 and CLS208 RTDs and Thermistors 
on page 183 for  specific inst ruct ions and resistor  values for  
voltage, curren t and RTD inputs.



For each current  input  on a CLS204 or  CLS208 cont roller  
you must  insta ll a  resistor . The va lue of the resistor  must  
be cor rect  for  the expected input  range. Insta ll the resistor  
in  the listed resistor  pack (RP) locat ion. Note the resistor  
pack loca t ions have three through holes. Insta ll the resis-
tor  as shown in  the illust ra t ion below.

Resistor  tolerance: ±0.1%

0 to 10 mA 6.0 Ω

0 to 20 mA 3.0 Ω 

1 RP1 5 RP5

2 RP2 6 RP6

3 RP3 7 RP7

4 RP4 8 RP8



For each voltage input  on a  CLS204 and CLS208 cont roller 
you must  insta ll two resistors. The resistances must  be cor -
rect  for  the expected input  range. Note the resistor  pack 
(RP) loca t ions have three through holes. Install the RD re-
sistor  as indica ted in  the illust ra t ion below.

Resistor  tolerance: ±0.1%

Ω Ω

Ω Ω

Ω Ω

Ω Ω

Ω Ω

Ω Ω

R58 RP1

R56 RP2

R54 RP3

R52 RP4

R50 RP5

R48 RP6

R46 RP7

R44 RP8



For each RTD or thermistor  inpu t on a  CLS204 or  CLS208 
cont roller , you must  insta ll three resistors: RA, RB, and 
RC. The resistance must  be cor rect for  the expected input  
range. RA and RB are a matched pa ir  of resistors. Insta ll 
them in  the resistor  pack (RP) locat ions as shown in  the il-
lust rat ion below.

Resistor  tolerances: RA/RB matched to 0.02% (2 ppm/˚C) 
and absolute tolerance is 0.1% (10 ppm/˚C) RC accura te to 
0.05%.

Ω Ω

Ω Ω

RP1 R57

RP2 R55

RP3 R53

RP4 R51

RP5 R49

RP6 R47

RP7 R45

RP8 R43



The CLS216 can  accept  single-ended thermocouple, mV 
(dc), V  (dc) and mA  (dc) inputs. Unless ordered with  
specia l inputs, the cont roller  accepts only signals with in  
the standard range of -10 to 60mV (dc).

To accommodate other signa ls, the input  circu it  must  be 
modified. When configured for  thermocouple inputs, 0 Ω re-
sistors are insta lled in  a ll RC locat ions. To accommodate  
milliamp cur rent  signa ls or  voltage signals outside the 
standard range,  resistors are added or  replaced to sca le the 
signals to the standard range. These resistors can be in-
sta lled by Wat low Anafaze or  by a  qua lified elect ron ics 
technician using sca ling resistors supplied by Wat low 
Anafaze.

F igure 9.7 shows the schematic for  one single-ended sensor 
input  to the CLS216. See CLS216 Cur rent Inputs on  page 
184 and CLS216 Voltage Inputs on page 185 for  specific in-
st ruct ions and resistor  values for  voltage and cur rent  in-
puts.

For each cur rent  input  on a CLS216 cont roller , you must  
insta ll one resistor . The va lue of the resistor  must  be cor -
rect  for  the expected input  range. Insta ll the resistor  in  the 
listed resistor  loca t ion.

Resistor  tolerance: ±0.1%

Ω

Ω



For each voltage input  on  a  CLS216 cont roller , you must  in-
sta ll two resistors. The resistance must  be cor rect for the 
expected input  range. Install the resistors in  the listed lo-
cat ions.

Resistor  tolerance: ±0.1%

Ω Ω

Ω Ω

Ω Ω

Ω Ω

Ω Ω

Ω Ω



The cont roller  provides offset  calibrat ion for  thermocouple, 
RTD, and other fixed ranges, and offset  and span (ga in) cal-
ibra t ion for  linear  and pulse inputs. In  order  to scale linear 
input  signa ls, you  must :

1. Insta ll appropr iate scaling resistors. (Contact  Wat low
Anafaze’s Customer Service Depar tment for  more in-
formation about  insta lling sca ling resistors.)

2. Select  the display format . The smallest  possible range
is -.9999 to +3.0000; the largest  possible range is
-9,999 to 30,000. 

3. Enter  the appropr ia te sca ling va lues for  your process.

Dua l DAC modules sh ip with  both outputs configured for  
the signal type and span  ordered. The module contains two 
independent  circu its (DAC1 and DAC2). These circu its can 
be configured for  different  outpu t types. Remove the board 
from the housing and set  the jumpers. The odd numbered 
jumpers determine the signal from DAC1; the even num-
bered jumpers determine the outpu t from DAC2.



1. Power down the system (if the Dua l DAC is a lready in-
sta lled and wired).

2. Ensure the DAC1 and DAC2 termina l blocks or  asso-
cia ted wires are labeled such tha t  you will know which
termina l block connects to which side of the board if
the module is a lready installed and wired.

3. Unplug the two terminal blocks.

4. Depending on the installat ion, you  may need to un-
mount  the Dual DAC modu le before proceeding. Re-
move the four  screws from the end pla te on the
opposite side of the module from the terminal blocks.
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5. If necessary, remove the two mount ing screws holding
the loosened end pla te in  place.

6. Slide the board out  of the housing.

7. Set  the jumpers for  the two outputs as desired. See
Table 9.16.

8. Replace the board such tha t  the connectors extend
through the opposite end plate. The board fits in  the
th ird slot  from the bottom.

9. Reconnect the two termina l blocks to the DAC1 and
DAC2 connectors.

10. Replace the end pla te, end plate screws and, if neces-
sary, mount ing screws.

11. Check the wire connect ions to the DAC1 and DAC2
terminal blocks.

12. If necessary, change the wir ing connect ions to the cor -
rect  configura t ion for  the new output  type. See Wir ing
the Dua l DAC on page 43.

13. Restore system power.

The Ser ia l DAC’s voltage and cur rent  output  is jumper se-
lectable. Refer  to Figure 9.9. Configure the jumpers as in-
dicated on  the Ser ia l DAC label.
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This chapter  provides three linear  scaling examples. The 
examples descr ibe:

• A pressure sensor  generat ing a  4 to 20 mA signal

• A flow sensor generat ing a 0 to 5V signal

• A pulse encoder  genera t ing 900 pulses per  inch of 
movement

A pressure sensor  that  genera tes a 4 to 20 mA signal is con-
nected to the cont roller . The specifica t ions of the sensor  
state it  generates 4 mA a t  0.0 pounds per  square inch (PSI) 
and 20 mA a t  50.0 PSI. 

The sensor  is connected to a  loop input  set  up with  a  resis-
tor  sca ling network producing 60mV at  20 mA. 

The INPUT TYPE  for  the loop is set  to LINEAR. The sensor  
measures PSI in  tenths, so the DISP FORMAT is set  to
-999.9 TO +3000.0 .



The scaling va lues setup in  the SETUP LOOP INPUT menu 
are shown in  Table 10.2 .

HIGH PV

HIGH RDG

LO PV

LO RDG



A flow sensor connected to the cont roller  measures the flow 
in  a  pipe. The sensor generates a 0 to 5V signal. The sen-
sor ’s output  depends on its insta llat ion . Independent cali-
bra t ion measurements of the flow in  the pipe indicate tha t  
the sensor  genera tes 0.5V a t  three ga llons per minute 
(GPM) and 4.75V a t  65 GPM. The calibra t ion inst ruments 
are accura te to with in  1 gallon  per minute.

The sensor  is connected to a  loop input  set  up with  a  resis-
tor  voltage divider  network producing 60mV at  5V. 

The INPUT TYPE  for  the loop is set  to LINEAR. The ca libra t -
ing inst rument  is precise to ±1 GPM, so the DISP FORMAT 
is set  to -999 to +3000 .

Th is table shows the input  readings and the percentage 
calcu la t ion from the 60mV fu ll sca le input .

HIGH PV

HIGH RDG

LO PV

LO RDG



A pulse encoder  which measures the movement  of a convey-
or  is connected to the cont roller . The encoder  generates 900 
pulses for  every inch the conveyor moves. You want  to mea-
sure conveyor  speed in  feet  per  minute (FPM).

The encoder input  is connected to the cont roller ’s pu lse in-
put . The INPUT TYPE  for  the loop is set to PULSE. A one-
second sample t ime gives adequate resolut ion of the con-
veyor ’s speed. The resolut ion is:

A DISP FORMAT of -99.99 TO +300.00  is appropr iate.

The input  readings are as follows:

• At  0 Hz, the input  reading will be 0.00 FPM.

• At  the maximum pulse ra te of the CLS200 (2000 Hz):

HIGH PV

HIGH RDG

LO PV

LO RDG



This chapter  conta ins specificat ions for  the CLS200 ser ies 
cont rollers, TB50 termina l board, Dua l DAC module, Ser ia l 
DAC module and the CLS200 power supply.

This sect ion conta ins CLS200 ser ies cont roller  specifica-
t ions for  environmenta l specificat ions and physica l dimen-
sions, inputs, outputs, the ser ia l in ter face and system 
power requirements.

The cont roller  descr ibed consists of a  processor  module and 
a  50-terminal block (TB50).



* Without  SCSI connector  or with TB18 opt ion.













The cont roller  accepts analog sensor inputs which are mea-
sured and may be used as feedback for  cont rol loops. It  a lso 
accepts digita l (TTL) inputs which may be used to t rigger  
cer ta in  firmware fea tures.

±

±

Ω Ω

Ω

Ω



* True for  10% to 100% of span except  type B, which is specified for  800˚ F to 3200˚ F.
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The cont roller  direct ly accommodates switched dc and 
open-collector  ou tputs only. These outputs can be used to 
cont rol a  wide var iety of loads. They are typica lly used to 
cont rol SSRs or  other  power switch ing devices which in  
turn cont rol, for  example, heaters. They may a lso be used 
to signa l another  device of an  a la rm condit ion in  the con-
t roller . 

Analog outputs may be accomplished by using Dua l DAC or 
Ser ia l DAC modules in  conjunct ion with  one of the cont rol 
outputs. 

An  open-collector  CPU watchdog output  is a lso provided so 
tha t  an external device may monitor  the CPU sta te.

Ω

Ω

Ω

Ω

Ω

Ω

Ω

Ω



No direct  ana log outputs are provided.

The digita l outputs may be used in  conjunct ion with  Dua l 
DAC or Ser ia l DAC modu les to provide analog signals. See 
Dua l DAC Specifica tions on page 207 and Ser ia l DAC Spec-
ifica tions on page 209.

ON

ON





Complete specifications for the CLS200 power supply  
are available at www.watlow.com. See the links on the 
CLS200 page.





The Wat low Anafaze Dua l DAC (digita l-to-analog convert -
er ) is an opt iona l module for  the CLS200 ser ies cont roller . 
The Dual DAC converts a dist r ibuted zero crossing (DZC) 
output  signa l to an ana log process cont rol signal. Wat low 
Anafaze provides the following version  of the Dua l DAC: 

• 4 to 20 mA dc

• 0 to 5V  (dc)

• 0 to 10V  (dc)
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The Dual DAC accepts an open-collector  signa l from the 
CLS200 cont roller  and the power from an externa l power  
supply. See Table 11.31.
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Wat low Anafaze offers a  Ser ia l DAC for  precision open-loop 
ana log outputs. The Ser ia l DAC is jumper-selectable for  a  
0 to 10V  (dc) or  4 to 20 mA output . Mult iple Ser ia l DAC 
modules can  be used with  one CLS200. The Ser ia l DAC car -
r ies a  CE mark.
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The Ser ia l DAC requires a  propr ietary ser ia l da ta signa l 
and the clock signa l from the CLS200 via the TB50. Any 
cont rol output  can be configured to provide the data  signa l. 
The Ser ia l DAC a lso requires a  5V ) power input .



Ω





AC
See Alternat ing Cur rent .

AC Line Frequency
The frequency of the AC power line measured
in Her tz (Hz), usually 50 or  60 Hz.

Accuracy
Closeness between the value indica ted by a
measur ing inst rument  and a  physica l constant
or  known standards.

Action
The response of an output  when the process
var iable is changed. See a lso Direct Act ion,
Reverse Act ion.

Address
A numerical ident ifier  for  a  con troller  when
used in  computer  commun ica t ions.

Alarm
A signa l tha t  indica tes tha t  the process has
exceeded or  fa llen below a  cer ta in  range
around the setpoint . For example, an ala rm
may indica te tha t  a process is too hot  or  too
cold. See also:

Devia t ion Alarm
Failed Sensor Alarm
Global Alarm
High Devia t ion Alarm
High Process Alarm
Loop Alarm
Low Deviat ion Alarm
Low Process Alarm

Alarm Delay
The lag t ime before an  a la rm is act ivated. 

Alternating Current (AC)
An elect r ic current  tha t  reverses a t  regular
in tervals, and a lternates posit ive and negat ive
va lues.

Ambient Temperature
The temperature of the a ir  or  other  medium
that  sur rounds the components of a thermal

system. 

American Wire Gauge (AWG)
A standard of the dimensiona l character ist ics
of wire used to conduct  elect r ica l curren t or
signa ls. AWG is ident ica l to the Brown and
Sharpe (B&S) wire gauge.

Ammeter
An inst rument  tha t  measures the magnitude
of an elect r ic current .

Ampere (Amp)
A unit  that  defines the rate of flow of elect r ic-
ity (cur rent ) in  the circu it . Units are one cou-
lomb (6.25 x 1018 electrons) per  second.

Analog Output
A cont inuously var iable signa l tha t  is used to
represent  a va lue, such as the process value or
setpoint  va lue. Typica l hardware configurat ions
are 0 to 20mA, 4 to 20mA or  0 to 5 V  (dc).

Automatic Mode
A fea ture tha t  a llows the cont roller  to set  PID
cont rol outputs in  response to the Process
Var iable (PV) and the setpoint .

Autotune
A fea ture that  au tomat ica lly sets tempera tu re
cont rol P ID values to match a par t icu la r  ther-
mal system.

AWG
See American Wire Gauge.

Baud Rate
The ra te of in format ion t ransfer  in  ser ia l com-
munica t ions, measured in  bits per  second.

Block Check Character  (BCC)
A ser ia l communica t ions er ror  checking
method. An acceptable method for  most  appli-
ca t ions, BCC is the default  method. See also
Cyclic Redundancy Check. 

Bumpless Transfer
A smooth t ransit ion from automat ic (closed
loop) to manua l (open loop) opera t ion. The con-
t rol output  does not  change dur ing the t rans-
fer.



Calibration
The compar ison of a measur ing device (an
unknown) against  an equal or  better  standard.

Celsius (Centigrade)
Former ly known as Cent igrade. A temperature
scale in  which water  freezes a t 0˚C and boils a t
100˚C at  standard a tmospher ic pressure. The
formula  for  conversion  to the Fahrenheit  scale:
˚F  = (1.8 x ˚C) + 32.

Central Processing Unit (CPU)
The unit  of a  comput ing system that  includes
the circu its cont rolling the in terpretat ion of
instruct ions and their  execut ion.

Circuit
Any closed path for  elect r ica l curren t. A config-
ura t ion of elect r ically or  elect romagnet ica lly-
connected components or  devices.

Closed Loop
A cont rol system that  uses a sensor  to measure
a process var iable and makes decisions based
on tha t  feedback.

Cold Junction
Connect ion  point  between thermocouple met-
als and the elect ron ic inst rument .

Common Mode Rejection Ratio
The ability of an inst rument  to reject  elect r ica l
noise, with  rela t ion to ground, from a  common
voltage. Usually expressed in  decibels (dB).

Communications
The use of digita l computer  messages to link
components. See a lso Ser ia l Communica t ions,
Baud Rate. 

Control Action
The response of the PID cont rol output  rela t ive
to the error  between the process var iable and
the setpoint . For  reverse act ion (usually heat-
ing), as the process decreases below the set-
point the output  increases. For direct  act ion
(usually cooling), as the process increases
above the setpoint , the output  increases.

Control Status
The type of act ion  that  a  cont roller  uses. For
example, on/off, t ime propor t ion ing, PID, auto-
mat ic or  manua l, and combinat ions of these.

Cur rent
The ra te of flow of elect r icity. The unit  of mea-
sure is the ampere (A). 
1 ampere = 1 coulomb per second.

Cycle Time
The t ime required for  a cont roller  to complete
one on-off-on cycle. It  is usua lly expressed in
seconds.

Cyclic Redundancy Check (CRC)
An error  checking method in  communica t ions.
It  provides a h igh level of da ta secur ity but  is
more difficu lt  to implement  than Block Check
Character  (BCC).  See also Block Check Char-
acter.

DAC
See Digita l-to-Analog Converter.

Data Logging
A method of recording a  process var iable over
a per iod of t ime. Used to review process perfor-
mance.

DC
See Direct Cur rent .

Deadband
The range through which a var ia t ion of the
input  produces no not iceable change in  the
output . In  the deadband, specific condit ions
can be placed on cont rol output  act ions. Opera-
tors select  the deadband. It  is usually above
the heat ing proport iona l band and below the
cooling propor t iona l band.

Default Parameters
The programmed inst ruct ions tha t  a re perma-
nent ly stored in  the microprocessor software.

Der ivative Control (D)
The last  term in  the PID a lgor ithm. Act ion
that  ant icipa ted the ra te of change of the pro-
cess, and compensates to min imize overshoot
and undershoot . Der ivat ive cont rol is an
instantaneous change of the cont rol output  in
the same direct ion as the proport iona l er ror.
This is caused by a change in  the process var i-
able (PV) that  decreases over the t ime of the
der iva t ive (TD). The TD is in  un its of seconds.

Deutsche Industr ial Norms (DIN)

 



A set  of technical, scient ific and dimensiona l
standards developed in  Germany. Many DIN
standards have wor ldwide recognit ion.

Deviation Alarm
Warns that  a  process has exceeded or  fa llen
below a  cer ta in  range around the setpoint .

Digital-to-Analog Converter  (DAC)
A device that  conver ts a numer ica l input  sig-
nal to a signal tha t  is proport iona l to the input
in  some way.

Direct Action
An output  cont rol act ion in  which an increase
in the process var iable, causes an increase in
the output . Cooling applica t ions usually use
direct  act ion.

Direct Current (DC)
An elect r ic cu rrent  tha t  flows in  one direct ion.

Distr ibuted Zero Crossing (DZC)
A form of digita l output  cont rol in  which the
outpu t on/off state is ca lcu lated for  every ac
line cycle. Power is switched at  the zero cross,
which reduces elect r ical noise. See also Zero
Cross.

Ear th Ground
A meta l rod, usua lly copper, tha t  provides an
elect r ica l path to the earth, to prevent  or
reduce the r isk of elect r ica l shock.

EIA/TIA
See Ser ia l Communicat ions.

Electr ical Noise
See Noise.

Electromagnetic Inter ference (EMI)
Electr ica l and magnet ic noise imposed on a
system. There are many possible causes, such
as switch ing ac power  on  inside the sine wave.
EMI can in ter fere with  the opera t ion of con-
t rols and other devices.

Electr ical-Mechanical Relays
See Relay, Elect romechanical.

Emissivity
The ra t io of radia t ion emit ted from a  sur face
compared to radia t ion emit ted from a black-

body a t  the same tempera tu re.

Engineer ing Units
Selectable units of measure, such as degrees
Celsius and Fahrenheit , pounds per square
inch, newtons per meter, gallons per  minu te,
liters per minute, cubic feet  per  minute or
cubic meters per minute.

EPROM
Erasable Programmable, Read-Only Memory
inside the cont roller.

Error
The difference between the correct  or  desired
va lue and the actual value.

Fahrenheit
The tempera ture scale that  sets the freezing
point  of water  at  32˚ F and its boiling point  at
212˚ F  a t standard atmospher ic pressure. The
formu la for  conversion to Celsius: ˚C = 5/9 (˚F  -
32).

Failed Sensor  Alarm
Warns that  an input  sensor  no longer  produces
a valid signal. For  example, when  there are
thermocouple breaks, in fra red problems or
resistance temperature detector  (RTD) open or
short  fa ilures.

Filter
Filters are used to handle var ious elect r ica l
noise problems. 

Dig i t a l F i lt e r  (DF) — A filter  that  a llows the
response of a  system when inputs change
unrea list ica lly or  too fast . Equivalent  to a
standard resistor-capacitor  (RC) filter

Dig i t a l Ad a p t ive  F i lt e r  — A filter  tha t
rejects h igh frequency input  signa l noise (noise
spikes).

H ea t /Cool Ou t p u t  F i lt e r  — A filter  tha t
slows the change in  the response of the heat  or
cool output . The ou tput  responds to a step
change by going to approximately 2/3 its fina l
va lue with in  the numbers of scans that  a re set .

Frequency
The number of cycles over a  specified per iod of



t ime, usually measured in  cycles per second.
Also referred to as Hertz (Hz). The reciproca l
is called the per iod.

Gain
The amount  of amplificat ion used in  an elect r i-
ca l circu it . Ga in can  a lso refer  to the Propor-
t ional (P) mode of PID. 

Global Alarm
Alarm associa ted with  a globa l digita l output
that  is cleared direct ly from a  cont roller  or
through  a  user  in ter face.

Global Digital Outputs
A pre-selected digita l output  for  each specific
alarm tha t  a ler ts the operator  to shut  down
cr it ica l processes when an a larm condit ion
occurs.

Ground
An elect r ical line with  the same elect r ica l
potent ia l as the surrounding earth. E lect r ica l
systems are usua lly grounded to protect  people
and equipment  from shocks due to malfunc-
t ions. Also referred to a  “safety ground”.

Hertz (Hz)
Frequency, measured in  cycles per second.

High Deviation Alarm
Warns tha t  the process is above setpoint , but
below the h igh process var iable. It  can be used
as either  an  a la rm or  cont rol funct ion.

High Power
(As defined by Wat low Anafaze) Any voltage
above 24 Vac or  Vdc and any cur rent  level
above 50 mAac or  mAdc.

High Process Alarm
A signal that  is t ied to a  set  maximum va lue
that  can be used as either  an ala rm or  cont rol
funct ion.

High Process Var iable
See Process Var iable (PV).

High Reading
An input  level tha t  corresponds to the h igh

process va lue. For linear inpu ts, the h igh read-
ing is a  percentage of the fu ll sca le input
range. For pu lse inpu ts, the h igh reading is
expressed in  cycles per second (Hz).

Infrared (IR)
A region of the elect romagnet ic spect rum with
wavelengths ranging from one to 1,000
microns. These wavelengths are most  su ited
for  radiant  heat ing and in fra red (noncontact )
temperature sensing.

Input
Process var iable in format ion tha t  is supplied
to the inst rument .

Input Scaling
The ability to scale input  readings (readings in
percent  of fu ll sca le) to the engineer ing units of
the process var iable.

Input Type
The signal type tha t is connected to an inpu t,
such as thermocouple, RTD, linear  or  process.

Integral Control (I)
Cont rol act ion tha t automatica lly eliminates
offset , or  droop, between setpoint  and actua l
process tempera ture.

Job
A set of opera t ing condit ions for  a  process tha t
can be stored and recalled in  a cont roller ’s
memory. a lso called a  recipe.

Junction
The point  where two dissimila r  metal conduc-
tors join  to form a  thermocouple.

Lag
The delay between the output  of a signa l and
the response of the inst rument  to which the
signal is sent .

Linear  Input
A process input  that  represents a stra ight  line
funct ion.



Linear ity
The devia t ion in  response from an expected or
theoret ical st ra ight  line value for  inst ruments
and t ransducers. a lso called linea r ity er ror.

Liquid Crystal Display (LCD)
A type of digita l display made of a  mater ia l
that  changes reflectance or  t ransmit tance
when an electr ica l field is applied to it . 

Load
The elect r ica l demand of a  process, expressed
in power (wat ts), cu rrent  (amps) or  resistance
(ohms). The item or  substance that  is to be
heated or  cooled.

Loop Alarm
Any alarm system tha t  includes h igh and low
process, devia t ion band, deadband, digita l out -
puts, and auxilia ry cont rol outputs. 

Low Deviation Alarm
Warns that  the process is below the setpoint,
bu t above the low process var iable. It  can be
used as either  an alarm or  cont rol funct ion.

Low Process Alarm
 A signa l tha t  is t ied to a  set  min imum va lue
that  can be used as either  an  alarm or  cont rol
funct ion.

Low Reading
An input  level cor responding to the low pro-
cess value. For linear  inputs, the low reading is
a percentage of the fu ll sca le input  range. For
pulse inpu ts, the low reading is expressed in
cycles per second (Hz).

Manual Mode
A selectable mode that  has no automatic con-
t rol aspects. The operator  sets output  levels.

Manual Reset
See Reset .

Milliampere (mA)
One thousandth of an ampere.

MMI
Man-machine in ter face.

NO-Key Reset
A method for  resett ing the cont roller ’s memory
(for  instance, after  an EPROM change). 

Noise
Unwanted elect r ica l signa ls tha t  usually pro-
duce signal in ter ference in  sensors and sensor
circu its. See also E lect romagnet ic In ter fer-
ence. 

Noise Suppression
The use of components to reduce electr ica l
in ter ference that  is caused by making or
breaking elect r ica l contact , or  by inductors.

Nonlinear
Through  Anafaze software, the Nonlinear field
sets the system to linear  cont rol, or  to one of
two nonlinear  cont rol opt ions. Input  0 for  lin-
ear, 1 or  2 for  nonlinear. 

Offset
The difference in  tempera tu re between the set -
point  and the actua l process temperature. Off-
set  is the er ror  in  the process var iable tha t  is
typica l of proport iona l-on ly cont rol.

On/Off Control
A method of cont rol that  turns the output  fu ll
on unt il setpoint is reached, and then  off unt il
the process er ror  exceeds the hysteresis.

Open Loop
A cont rol system with  no sensory feedback.

Operator  Menus
The menus accessible from the fron t panel of a
cont roller. These menus allow opera tors to set
or  change var ious cont rol act ions or  features.

Optical Isolation
Two elect ron ic networks that  a re connected
through an LED (Light  Emit t ing Diode) and a
photoelect r ic receiver. There is no electr ica l
cont inu ity between the two networks.

Output
Cont rol signa l act ion in  response to the differ-
ence between setpoint  and process var iable.

Output Type
The form of PID con trol outpu t, such as t ime



propor t ion ing, dist r ibuted zero crossing, Ser ia l
DAC or analog. Also the descr ipt ion  of the elec-
t r ica l hardware tha t  makes up the output .

Overshoot
The amount  by which a process var iable
exceeds the setpoint  before it  stabilizes.

Panel Lock
A feature tha t  prevents opera t ion of the front
panel by unau thor ized people.

PID
Propor t iona l, In tegral, Der ivat ive. A cont rol
sta tus with  three funct ions: Proport iona l
act ion dampens the system response, in tegra l
corrects for  droops, and der ivat ive prevents
overshoot  and undershoot . 

Polar ity
The elect r ica l qua lity of having two opposite
poles, one posit ive and one negat ive. Polar ity
determines the direct ion in  wh ich a  current
tends to flow.

Process Var iable (PV)
The parameter  tha t  is cont rolled or  measured.
Typica l examples are temperature, relat ive
humidity, pressure, flow, flu id level, even ts, etc.
The h igh process var iable is the h ighest  va lue
of the process range, expressed in  engineer ing
units. The low process var iable is the lowest
va lue of the process range.

Proportional (P)
Output  effor t  proport iona l to the er ror  from
setpoint . For example, if the propor t ional band
is 20˚ and the process is 10˚ below the setpoint ,
the heat  propor t ioned effor t  is 50%. The lower
the PB va lue, the h igher the ga in. 

Proportional Band (PB)
A range in  which the propor t ion ing funct ion of
the cont rol is act ive. Expressed in  un its,
degrees or  percent  of span. See a lso PID.

Proportional Control
A con trol using only the P (proport iona l) va lue
of PID cont rol.

Pulse Input
Digita l pu lse signa ls from devices, such as
opt ical encoders.

Ramp
A programmed increase in  the tempera ture of
a setpoin t system. 

Range
The area between two limits in  which a  quan-
t ity or  value is measured. It  is usually
descr ibed in  terms of lower and upper limits.

Recipe
See J ob.

Reflection Compensation Mode
A cont rol feature tha t  automat ically corrects
the reading from a sensor.

Relay 
A switch ing device.

E lect r om ech a n ica l R e la y — A power
switch ing device that  completes or  in ter-
rupts a  circu it  by physica lly moving elect r i-
ca l contacts in to contact  with  each other.
Not  recommended for  PID cont rol.

So lid  St a t e  R e la y (SSR ) — A switch ing
device with  no moving parts tha t  completes
or in ter rupts a  circu it  elect r ica lly.

Reset
Control act ion tha t automat ica lly eliminates
offset  or  droop between setpoint  and actua l
process tempera ture. See a lso In tegra l.

Au t om a t ic  R ese t  — The in tegra l funct ion
of a  PI or  PID temperature cont roller  tha t
adjusts the process tempera tu re to the set-
point  after  the system stabilizes. The
inverse of in tegra l.

Resistance
Opposit ion to the flow of elect r ic cur rent , mea-
sured in  ohms.

Resistance Temperature Detector  (RTD)
A sensor that  uses the resistance temperature
character ist ic to measure tempera tu re. There
are two basic types of RTDs: the wire RTD,
wh ich is usually made of pla t inum, and the
thermistor  which is made of a semiconductor
mater ia l. The wire RTD is a  posit ive tempera-
ture coefficient  sensor  on ly, wh ile the ther-
mistor  can have either  a  negat ive or  posit ive



temperature coefficient .

Reverse Action
An output  cont rol act ion in  which an increase
in the process var iable causes a  decrease in  the
outpu t. Heat ing applica t ions usually use
reverse act ion.

RTD
See Resistance Tempera ture Detector.

Ser ial Communications
A method of t ransmit t ing in format ion between
devices by sending all bits ser ia lly over  a  sin -
gle communica t ion channel.

E IA/TIA-232—An E lect ron ics Indust r ies of
America (E IA) standard for  in ter face between
data  terminal equ ipment  and data  communi-
ca t ions equipment  for  ser ia l binary data  in ter-
change. This is usua lly for  communicat ions
over  a shor t  distance (50 feet  [15 m] or  less)
and to a single device.

E IA/TIA-485—An E lect ron ics Indust r ies of
America (E IA) standard for  elect r ica l charac-
ter ist ics of generators and receivers for  use in
ba lanced digita l mult ipoint  systems. This is
usually used to communicate with  mult iple
devices over a  common cable or  where dis-
tances over 50 feet  (15 m) are required.

Setpoint (SP)
The desired value programmed in to a cont rol-
ler. For example, the tempera ture at  which a
system is to be mainta ined.

Shield
A meta llic foil or  braided wire layer surround-
ing conductors tha t  is designed to preven t elec-
t rostat ic or  elect romagnet ic in ter ference from
external sources.

Signal
Any elect r ical t ransmit tance tha t  conveys
informat ion.

Solid State Relay (SSR)
See Relay, Solid Sta te.

Span
The difference between the lower  and upper

limits of a range expressed in  the same units
as the range.

Spread
In heat /cool applica t ions, the +/- difference
between heat  and cool. Also known as process
deadband. See a lso Deadband.

Stability
The ability of a  device to mainta in  a constant
output  with  the applica t ion of a constant
input .

T/C Extension Wire
A grade of wire used between the measur ing
junct ion  and the reference junct ion of a ther-
mocouple. Extension wire and thermocouple
wire have similar  proper t ies, but  extension
wire is less cost ly.

TD (Timed Der ivative)
The der iva t ive funct ion.

Thermistor
A tempera ture-sensing device made of semi-
conductor  mater ia l that  exhibits a  large
change in  resistance for  a  small change in  tem-
pera tu re. Thermistors usually have negat ive
temperature coefficients, a lthough they are
also ava ilable with  posit ive tempera ture coeffi-
cien ts.

Thermocouple (T/C)
A tempera ture sensing device made by join ing
two dissimila r  meta ls. This junct ion produces
an  electr ica l voltage in  propor t ion to the differ-
ence in  temperature between the hot  junct ion
(sensing junct ion) and the lead wire connect ion
to the inst rument  (cold junct ion).

TI (Timed Integral)
The In tegra l term.

Transmitter
A device that  t ransmits temperature da ta from
either  a thermocouple or  RTD by way of a  two-
wire loop. The loop has an externa l power sup-
ply. The t ransmit ter  acts as a  var iable resistor
with  respect  to its input signal. Transmit ters
are desirable when long lead or  extension
wires produce unacceptable signa l degrada-
t ion.



Upscale Break Protection
A form of break detect ion for  burned-out  ther-
mocouples. Signa ls the opera tor  tha t the ther-
mocouple has burned out .

Undershoot
The amount  by which  a  process var iable fa lls
below the setpoint  before it  stabilizes.

Volt (V)
The unit  of measure for  elect r ica l potent ia l,
voltage or  elect romot ive force (EMF). See a lso
Voltage.

Voltage (V)
The difference in  elect r ical potent ia l between
two points in  a  circu it . It ’s the push  or  pres-
sure behind cur rent  flow through a circu it .
One volt  (V) is the difference in  potent ia l
required to move one coulomb of charge
between two points in  a  circu it , consuming one
joule of energy. In  other words, one volt  (V) is
equa l to one ampere of cu rrent  (I) flowing
through  one ohm of resistance (R), or  V = IR. 

Zero Cross
Act ion tha t  provides output  switch ing only a t
or  near the zero-voltage crossing points of the
ac sine wave.



A control status symbol 56
AC LINE FREQ

defau lt  va lue 74
descr ipt ion 81
locat ion 73, 233

agency compliance
controller 193
power supply 205
Ser ia l DAC 210

ALARM ACK key
acknowledging a larms 59–60
descr ipt ion 54
does not work 170

ALARM DEADBAND
defau lt  va lue 99
descr ipt ion 102
locat ion 73, 233

ALARM DELAY
defau lt  va lue 99
descr ipt ion 103
locat ion 73, 233
locat ion of 64

Alarm High SP parameter 67
Alarm Low SP parameter 67
alarms

acknowledging 59–60
alarm high, see process a larms
alarm low, see process a larms
codes 164, 166
deadband 102
delaying 64, 100, 103
deviat ion 164
deviat ion, see process a larms
digita l output  polar ity 81
disabling cont rol on a larm outpu ts 94
displays 58
fa iled sensor 65, 166
global 99
global a larm output 68
h igh deviat ion a larm set t ings 100–101
h igh process a larm set t ings 100
hysteresis 68
loop delay 64
low deviat ion  a larm set t ings 100–101
low process a larm set t ings 102
messages 166
process 164
reset t ing 165
restor ing control a fter  sensor fa ilure 92
reversed thermocouple 85
RTD, see fa iled sensor a larms
SCRs 37
sensor  fa il percent  output  power 97
sett ing up 66–69
setup parameters 99–103
solid state relays 37
star tup delay 64, 78
system 60, 166
T/C BREAK, switch ing to manual mode 97

thermocouple, see fa iled sensor  a larms
tolerance 138, 151
t roubleshoot ing 164, 166
wir ing 37

ambient  temperature
H/W AMBIENT FAILURE message 169
operat ing range 12

AMBIENT WARNING 168
ANAINSTL 80
analog inputs, see sensor  inputs
analog outpu t 158

see a lso Dual DAC or  Seria l DAC
ASSIGN R/S PROFILE 148
AUTO 56, 61
automat ic control, select ing 61
automat ic mode

restor ing after fa iled sensor repair 66
autotuning 62–64

BACK key 53
bar graph display 55–56

control status symbols 56
navigat ing in 56
ramp/soak symbols 147
symbols 55, 58
when runn ing ramp/soak profile 146

battery 7
BATTERY DEAD 166
baud rate 80
BCC, see block check character
block check character 80
boost  output 67
bridge circuit 32

cables
communicat ions 9, 47
SCSI 7, 9
t ie wrapping 35
t roubleshoot ing 175

CALCULATING CHECKSUM 28
CANNOT LOAD J OB 75
CANNOT SAVE J OB 75
CASCADE BASE SP

descr ipt ion 120
locat ion 112, 233

CASCADE CL SPAN
descr ipt ion 121
locat ion 112, 233

cascade control 118–124
applicat ion example 121
relat ionship of secondary setpoint  to pr imary 

ou tput 123
sett ing up, example 122
setup parameters 119–121
test ing setup, example 123

CASCADE HT SPAN
descr ipt ion 121
locat ion 112, 233

CASCADE MAX SP
descr ipt ion 120
locat ion 112, 233



CASCADE MIN SP
descr ipt ion 120
locat ion 112, 233

CASCADE PRIM. LOOP
descr ipt ion 119
locat ion 112, 233

case, removing 177
CE, see agency compliance
CHNG SP key

changing the setpoint 61
descr ipt ion 54
does not  work 170
locking and unlocking 78

clearance, see insta lla t ion
communicat ions

baud rate 80
cable 9, 47
controller address 79
error checking a lgor ithm 80
ground loops 24, 175
insta lla t ion 45–49
jumper  configurat ions 179
protocol 80
software problems 176
specificat ions 204
t roubleshoot ing 174–176
wire sizes and lengths 22
see a lso EIA/TIA

COMMUNICATIONS BAUD RATE
default  va lue 74
descr ipt ion 80
locat ion 73, 233

COMMUNICATIONS ERR CHECK
default  va lue 74
descr ipt ion 80
locat ion 73, 233

COMMUNICATIONS PROTOCOL
default  va lue 74
descr ipt ion 80
locat ion 73, 233

computer, see communicat ions 174
cont rol a lgor ithms 153–156

on/off 154
propor t ional (P) 154, 161
propor t ional with in tegra l (PI) 155, 161
propor t ional, in tegra l and der ivat ive (PID) 155, 

161
cont rol outpu ts 157–162

act ion 96
automat ic cont rol, see au tomat ic control
cascade cont rol, see cascade control
control a lgor itms, see control a lgor ithms
control status, see cont rol status
curve 98
cycle t ime 95
direct  act ion 96, 159
disabling 94
distr ibuted zero crossing 94, 158
Dual DAC, see Dual DAC
enabling 94
filter 91, 158
lim it 96
manual cont rol, see manual control
on/off 94, 157

process var iable ret ransmit 113
rat io control, see rat io cont rol
reverse act ion 96, 159
SCRs 37
Ser ia l DAC, see Ser ia l DAC
solid state relays 37
spread 92
status on  power  up 78
t ime propor t ioning 94, 157
t roubleshoot ing 172–173
wir ing 37

cont rol parameters 90–92
cont rol status 61–64

symbols on  display 56
unexpected switches from automat ic to 

manual 167
cont roller

agency compliance 193
clearance 13, 195
connect ing to TB50 27
dimensions 194
environment 194
input specificat ions 200–202
mount ing 13–16
output specificat ions 202–204
specificat ions 193–196
terminal specificat ions 196
t roubleshoot ing, see t roubleshoot ing
wire sizes 196

CONTROLLER ADDRESS
default  va lue 74
descr ipt ion 79
locat ion 73, 233

COOL 56
COOL CONTROL FILTER

default  va lue 90
descr ipt ion 91
locat ion 73, 233

COOL CONTROL OUTPUT
default  va lue 93
descr ipt ion 94
locat ion 73, 233

COOL CONTROL PB
default  va lue 90
descr ipt ion 91
locat ion 73, 233

COOL CONTROL TD
default  va lue 90
descr ipt ion 91
locat ion 73, 233

COOL CONTROL TI
default  va lue 90
descr ipt ion 91
locat ion 73, 233

COOL OUTPUT
curves 98
descr ipt ion 98
locat ion 73, 233

COOL OUTPUT ACTION
descr ipt ion 96
locat ion 73, 233

COOL OUTPUT CYCLE TIME
descr ipt ion 95
locat ion 73, 233



COOL OUTPUT LIMIT
descr ipt ion 96
locat ion 73, 233

COOL OUTPUT LIMIT TIME
descr ipt ion 96
locat ion 73, 233

COOL OUTPUT RETRANS PV
descr ipt ion 114
locat ion 112, 233

COOL OUTPUT TYPE
descr ipt ion 94
locat ion 73, 233

cool output , see control ou tputs
COOL RETRANS MAX INP

descr ipt ion 114
locat ion 112, 233

COOL RETRANS MAX OUT%
descr ipt ion 115
locat ion 112, 233

COOL RETRANS MIN INP
descr ipt ion 114
locat ion 112, 233

COOL RETRANS MIN OUT%
descr ipt ion 114
locat ion 112, 233

COOL T/C BRK OUT AVG
descr ipt ion 97
locat ion 73, 233

COPY SETUP FROM PROFILE
descr ipt ion 138
locat ion 136, 233

CPU watchdog t imer 38, 203
CRC, see cyclic redundancy check
C-UL, see agency compliance
curren t  inpu ts

scaling resistors 33, 181, 184
wir ing 33

CYCLE NR= 147
cycle t ime 95
cyclic redundancy check 80

D/O alarm polar ity parameter 68
DAC, see Dual DAC or Ser ia l DAC
data logging 113, 115
derivat ive

descr ipt ion 155
guidelines for  set t ing 160–162
sett ing a value 91
sett ings from other  con trollers 161
term versus rate set t ings 160

DEV ALARM VALUE
defau lt  va lue 99
descr ipt ion 100
locat ion 73, 233

deviat ion a larms, see process a larms
differen t ia l control, see rat io cont rol 131
DIG OUT POLARITY ON ALARM

defau lt  va lue 74
descr ipt ion 81
locat ion 73, 233

DIGITAL INPUTS
defau lt  va lue 103
descr ipt ion 103

locat ion 73, 233
using for  test ing 29

digita l inputs
external switch ing devices 39
funct ions act ivated 39
output over r ide 77
ramp/soak external reset 139
ramp/soak t r iggers 142
remote job select ion 76–77
restor ing control a fter  sensor fa ilure 92
specificat ions 202
technical informat ion 38
test ing 29, 103
thermocouple short  detect ion 79
t roubleshoot ing 173
wir ing 38

DIGITAL OUTPUT NUMBER
defau lt  va lue 103
descr ipt ion 104
locat ion 73, 233

digita l ou tputs
polar ity for  a larms 81
ramp/soak events 141
specificat ions 203
test ing 28, 104
t roubleshoot ing 173
will not  tu rn on 22
wir ing 35–36

dimensions
controller 194
Dual DAC 20, 207
power supply 205–206
power supply bracket 19
Seria l DAC 20, 209
TB50 196–199

direct  act ion, see cont rol outpu ts
DISP FORMAT

defau lt  va lue 82
descr ipt ion 87
effect  on ramp/soak parameters 144
locat ion 73, 233
scaling parameters 86
values 87

display
bar  graph, see bar graph display
does not  work 167
job display 60
process var iable not  correct 167, 171
single loop, see single loop display

distr ibuted zero crossing 94, 158
down-arrow key 53
Dual DAC

configur ing outpu ts 186–188
dimensions 20, 207
environment 207
input specificat ions 208
jumper set t ings 187
mount ing 19–20
output specificat ions 208
process var iable ret ransmit 113, 118
specificat ions 207–208
wir ing 43–44

dust 12
DZC, see dist r ibu ted zero crossing



ear th , see ground
EDIT RAMP & SOAK PROFILE

descr ipt ion 137
locat ion 136, 233

EDIT SEGMENT NUMBER
descr ipt ion 140
locat ion 136, 233

EIA/TIA-232 45–46
connect ions 46
jumper  configurat ions 179
jumpers in connectors 46
specificat ions 204
t roubleshoot ing 174–175
see a lso communicat ions

EIA/TIA-485 47–49
EIA/TIA-232-to-485 conver ter 47, 49
jumper  configurat ions 179
network connect ions 47–48
signal common 48
specificat ions 204
terminat ion 48
t roubleshoot ing 175
see a lso communicat ions

electrostat ic discharge 177
EMI, see noise
encoders 34
enhanced features opt ion 111–132

cascade cont rol, see cascade control
firmware code shown on display 81
menu tree 112
process var iable restransmit , see process var iable 

retransmit
ENTER key 53
environment 12

controller 194
Dual DAC 207
power supply 205
Ser ia l DAC 209

EPROM
checksum 81
replacing 176–178

error  checking 80
ESD, see electrostat ic discharge
external br idge circuit 32
EXTERNAL RESET INPUT NUMBER

descr ipt ion 139
locat ion 136, 233

external safety devices 9
external switching devices 39
ext ruder  cont rol 107–110
ext ruder  cont rol a lgor ithm 110
ext ruder  firmware opt ion code 81

fa iled sensor  a larms
restor ing automat ic cont rol a fter sensor  repair 66
RTD open 66
RTD shorted 66
sett ing up 65–66
thermocouple open 65
thermocouple shor t 66

filter
output 91, 158
sensor  input 89

firmware
custom 82
version 81

frequency 81
front  panel 8

navigat ion 51
overview 52

FS alarm code 166
funct ions act ivated by digita l inpu ts 39

gain, see propor t ional band
ground loops 24

communicat ions 47
isolat ion 35
paths 24
and personal computers 24
and thermocouples 31
t roubleshoot ing 172, 175

grounding, t roubleshoot ing 172

H/W AMBIENT FAILURE 166, 169
H/W GAIN FAILURE 166, 170
H/W OFFSET FAILURE 166, 170
HD alarm code 164
HEAT 56
HEAT CONTROL FILTER

default  va lue 90
descr ipt ion 91
locat ion 73, 233

HEAT CONTROL OUTPUT
default  va lue 93
descr ipt ion 94
locat ion 73, 233

HEAT CONTROL PB
default  va lue 90
descr ipt ion 91
locat ion 73, 233

HEAT CONTROL TD
default  va lue 90
descr ipt ion 91
locat ion 73, 233

HEAT CONTROL TI
default  va lue 90
descr ipt ion 91
locat ion 73, 233

HEAT OUTPUT
curves 98
default  va lue 93
descr ipt ion 98
locat ion 73, 233

HEAT OUTPUT ACTION
default  va lue 93
descr ipt ion 96
locat ion 73, 233

HEAT OUTPUT CYCLE TIME
default  va lue 93
descr ipt ion 95
locat ion 73, 233



HEAT OUTPUT LIMIT
defau lt  va lue 93
descr ipt ion 96
locat ion 73, 233

HEAT OUTPUT LIMIT TIME
defau lt  va lue 93
descr ipt ion 96
locat ion 73, 233

HEAT OUTPUT RETRANS PV
descr ipt ion 114
locat ion 112, 233

HEAT OUTPUT TYPE
defau lt  va lue 93
descr ipt ion 94
locat ion 73, 233

heat output , see control outputs
HEAT RETRANS MAX INP

descr ipt ion 114
locat ion 112, 233

HEAT RETRANS MAX OUT%
descr ipt ion 115
locat ion 112, 233

HEAT RETRANS MIN INP
descr ipt ion 114
locat ion 112, 233

HEAT RETRANS MIN OUT%
descr ipt ion 114
locat ion 112, 233

HEAT T/C BRK OUT AVG
defau lt  va lue 93
descr ipt ion 97
locat ion 73, 233

HEAT/COOL SPREAD
locat ion 233

Heat/Cool Thermocouple Break Out 65
HI DEV ALARM OUTPUT

defau lt  va lue 99
descr ipt ion 101
locat ion 73, 233

HI DEV ALARM TYPE
defau lt  va lue 99
descr ipt ion 101
locat ion 73, 233

HI PROC ALARM OUTPUT
defau lt  va lue 99
descr ipt ion 100
locat ion 73, 233

HI PROC ALARM SETPT
defau lt  va lue 99
descr ipt ion 100
locat ion 73, 233

HI PROC ALARM TYPE
defau lt  va lue 99
descr ipt ion 100
locat ion 73, 233

high deviat ion  a larm, see process a larms
HP alarm code 164
humidity

controller 194
Dual DAC 207
power supply 205
Ser ia l DAC 209

hysteresis
a larm 68

hysteresis, see spread

INPUT FILTER
defau lt  va lue 82
descr ipt ion 89
locat ion 73, 233
sett ing before autotuning 64

input  power, see power supply
INPUT PULSE SAMPLE TIME

defau lt  va lue 82
descr ipt ion 85
locat ion 73, 233

INPUT READING OFFSET
defau lt  va lue 82
descr ipt ion 84
locat ion 73, 233
values 85

INPUT SCALING HI PV
defau lt  va lue 82
descr ipt ion 88
locat ion 73, 233
scaling parameters 86

INPUT SCALING HI RDG
defau lt  va lue 82
descr ipt ion 88
locat ion 73, 233
scaling parameters 86

INPUT SCALING LO PV
defau lt  va lue 82
descr ipt ion 88
locat ion 73, 233
scaling parameters 86

INPUT SCALING LO RDG
defau lt  va lue 82
descr ipt ion 89
locat ion 73, 233
scaling parameters 86

INPUT TYPE
defau lt  va lue 82
descr ipt ion 83
effect  on ramp/soak parameters 144
locat ion 73, 233
values 83

INPUT UNITS
defau lt  va lue 82
descr ipt ion 84
locat ion 73, 233

inputs
analog, see sensor  inputs
cur rent , see curren t  inpu ts
digita l, see digita l inputs
filter 89
pu lse, see pu lse inputs
RTD, see RTD
scaling resistors 180–186
sensor, see sensor inpu ts
setup parameters 82–89
specificat ions 200–202
thermocouple, see thermocouples
voltage, see voltage inputs
wir ing, see insta lla t ion

insta lla t ion 11–49
alarm wir ing 37
clearance 13–15, 195
communicat ions 45–49



control ou tput  wir ing 37
controller 13–16
CPU watchdog t imer 38
digita l outpu t  wir ing 35–36
Dual DAC 19–20
environment 12
ground loops, see ground loops
locat ion 12
noise suppression , see noise
overview 11
panel hole dimensions 15
panel th ickness 15
power supply 18–19, 25–27
reference voltage terminals 32
sensor  input  wir ing 29–34
Ser ia l DAC 19–20
TB50 16–18, 27
test ing 28–29
t ie-wrapping cables 35
tools 13
torque for screw terminals 26
typica l 12
wire recommendat ions 21, 30, 35, 47
wire sizes 22
wir ing 21–27, 29–49

integra l
descr ipt ion 155
guidelines for  set t ing 160–162
sett ing a value 91
sett ings from other  cont rollers 161
term versus reset set t ings 160

J OB RUNNING 60
J OB RUNNING DATA MODIFIED 60
J OB RUNNING REMOTELY LOADED 60
J OB SEL DIG INS ACTIVE

default  va lue 74
descr ipt ion 77
locat ion 73, 233

J OB SELECT DIG INPUTS
default  va lue 74
descr ipt ion 76
locat ion 73, 233

jobs
loading from memory 75
remote select ion 76–77
saving to memory 75

jumpers
Dual DAC 187
EIA/TIA-232 179
EIA/TIA-485 179
in  EIA/TIA-232 connectors 46
power supply common 27
Ser ia l DAC 188
unused inputs 30
when using 2-wire RTD 32

KEYBOARD LOCK STATUS
default  va lue 74
descr ipt ion 78
locat ion 73, 233

keypad
ALARM ACK, see ALARM ACK key
BACK, see BACK key
CHNG SP, see CHNG SP key
ENTER, see ENTER key
keys do not  work 167, 170
locking 78
MAN/AUTO, see MAN/AUTO key
NO, see NO key
overview 52
RAMP/SOAK, see RAMP/SOAK key
test ing 105
un locking 78
YES, see YES key

KEYPAD TEST
descr ipt ion 105
how to quit 105
locat ion 73, 233

LD alarm code 164
limit  cont roller 9
limit , ou tput 96
linear  inputs

decimal shift  in  ramp/soak parameters 145
display format 87
engineer ing units 84
scaling and calibrat ion 186
scaling examples 189–192
scaling parameters 86–89

LO DEV ALARM OUTPUT
default  va lue 99
descr ipt ion 101
locat ion 73, 233

LO DEV ALARM TYPE
default  va lue 99
descr ipt ion 101
locat ion 73, 233

LO PROC ALARM OUTPUT
default  va lue 99
descr ipt ion 102
locat ion 73, 233

LO PROC ALARM SETPT
default  va lue 99
descr ipt ion 102
locat ion 73, 233

LO PROC ALARM TYPE
default  va lue 99
descr ipt ion 102
locat ion 73, 233

LOAD SETUP FROM J OB
CANNOT LOAD J OB 75
default  va lue 74
descr ipt ion 75
job display 60
locat ion 73, 233

locking the keypad 78
LOOP NAME

default  va lue 82
descr ipt ion 84
locat ion 73, 233

loops
autotuning, see au totun ing
naming 84



number available 200
ramp/soak profiles, see ramp/soak 148
single loop display, see single loop display
tuning 159–161

low deviat ion a larm, see process a larms
LOW POWER 166, 168
LP alarm code 164

M control status symbol 56
MAN 56, 61
MAN/AUTO CONTROL OUTPUTS DISABLED 61
MAN/AUTO key 54

does not work 170
locking and unlocking 78
switching cont rol statuses 61

manual control
select ing 61
sett ing the output  level 62

MANUAL I/O TEST 103
locat ion 73, 233
parameters in menu 103

menu t ree
all setup menus 233
enhanced features 112
ramp/soak profiles 136
standard setup menus 73

menus
accessing 71
global parameters 74
loop a larms 99
loop control 90
loop input 82
loop outputs 93
manual I/O test 103
menu tree, see menu tree
process var iable ret ransmit 113
ramp/soak profile 137

model informat ion
accessing through display 81
locat ion in firmware 73
model number descr ipt ion 5

mount ing, see insta lla t ion

NO key
descr ipt ion 53
NO-key reset 176

noise
elim inat ing problems with 23
isolat ion 23
reducing with zero-cross switching 158
suppression 22–23
symptoms 22

on/off cont rol
control signal 157
descr ipt ion 154
select ing 94
spread 92

operator  displays 51

OUT-OF-TOLRNCE ALARM TIME
descr ipt ion 138
locat ion 136, 233

output  over r ide 77, 97
OUTPUT OVERRIDE DIG INPUT

defau lt  va lue 74
descr ipt ion 77
locat ion 73, 233

outputs
5 Vdc ou tput  power 204
alarm, see a larms
analog, see Dual DAC or  Seria l DAC
boost output 67
control, see control outputs
CPU watchdog t imer, see CPU watchdog t imer
digita l, see digita l outputs
filter 91
process var iable ret ransmit , see process var iable 

retransmit
ramp/soak ready state 139
reference voltage, see reference voltage
setup parameters 93–98
solid state relays 37
specificat ions 202–204
wir ing, see insta lla t ion

OVERRIDE DIG IN ACTIVE
defau lt  va lue 74
descr ipt ion 77
locat ion 73, 233

over-temperature shutdown devices 9

panel, see insta lla t ion
parameters

accessing 71
alarm 99–103
changing values 72
control 90–92
global 74–82
input 82–89
menu tree, see menu tree
output 93–98
process var iable ret ransmit 113
ramp/soak profile 137–143
storage of in RAM 7
test 103

parts list 5
personal computer, see communicat ions 174
PID

autotun ing, see autotun ing
der ivat ive constant , see der ivat ive
integra l term, see integra l
proport ional band, see proport ional band
sett ings for var ious applicat ions 162
sett ings from other  con trollers 161
tuning 159–161

PLC
transmit t ing process data to 113
using to set  a setpoin t , example 129
see a lso communicat ions

power  fa ilu re 10
output status upon restar t 78
ramp/soak profile upon restar t 152



power  supply
dimensions 205–206
dimensions of mount ing bracket 19
for  Dual DAC 43
inputs 206
mount ing 18–19
outputs 206
powering loads with 36
requirements 18
specificat ions 205–206
wir ing 25–27

POWER UP OUTPUT STATUS
default  va lue 74
descr ipt ion 78
effect  on ramp/soak profiles 152
locat ion 73, 233

process a larms
alarm high 67
alarm low 67
boost  output 67
funct ion 67
high  deviat ion 68
low deviat ion 68
outputs 67
sett ing up 66

PROCESS POWER DIGIN
default  va lue 74
descr ipt ion 79
locat ion 73, 233

process var iable
not  displayed cor rect ly 22, 167, 171
retransmit , see process var iable ret ransmit

process var iable retransmit 113–118
applicat ion example 115
scaling the output 115
sett ing up, example 116
setup parameters 113

profile, see ramp/soak
proport ional band

and cascade control 123
descr ipt ion 154
guidelines for  set t ing 159, 161–162
sett ing a value 91
sett ings for  var ious temperature ranges 159
sett ings from other  cont rollers 161

protocol 80
pulse inputs

display format 87
encoder  signals 34
engineer ing units 84
loops available on 34
sample t ime 85
scaling and calibrat ion 186
scaling parameters 86–89
specificat ions 201
technical informat ion 34
wir ing 34

PV, see process var iable

RAM 7, 177
ramp/soak 133–152

assigning profiles to loops 148
cont inu ing from hold 150

cycle number 147
decimal shift 145
edit ing a profile while it  is running 149
events 141
firmware opt ion code 81
holding a profile 150
mode symbols on display 146–147
mode, set t ing 147
overview 133–135
power fa ilure while running profile 152
process var iable ret ransmit , see process var iable 

retransmit
profile setup parameters 137–143
resett ing a profile 151
running a profile 148
screens for  RAMP/SOAK key 145
specificat ions 135
t ime base 137
t ime remaining 147
tolerance 143
tolerance a larm, see a larms, tolerance
t r iggers 142

RAMP/SOAK key 54
assigning profiles 148
cycle number 147
does not work 64, 69, 170
locking and unlocking 78
screens accessed by pressing 145
set mode 147
t ime remaining 147
unassigning profiles 148

RAMP/SOAK TIME BASE
default  va lue 74
descr ipt ion 137
locat ion 73, 136, 233

rat io cont rol 124–132
applicat ion example 126, 129, 131
different ia l cont rol 131
remote analog setpoint 129
sett ing up, example 127, 129, 131
setup parameters 125–126

RATIO CONTROL CTRL RATIO
descr ipt ion 126
locat ion 112, 233

RATIO CONTROL MAX SP
descr ipt ion 125
locat ion 112, 233

RATIO CONTROL MIN SP
descr ipt ion 125
locat ion 112, 233

RATIO CONTROL MSTR LOOP
descr ipt ion 125
locat ion 112, 233

RATIO CONTROL SP DIFF
descr ipt ion 126
locat ion 112, 233

READY EVENT OUTPUT
descr ipt ion 139
locat ion 136, 233

READY SEGMENT EDIT EVENTS
descr ipt ion 139
locat ion 136, 233

READY SEGMENT SETPOINT
descr ipt ion 138



locat ion 136, 233
Ref terminals, see reference voltage
reference voltage 32, 204
remote analog setpoint , see ra t io cont rol
repair, returning controller  for 164
REPEAT CYCLES

descr ipt ion 144
locat ion 136, 233

reset
external 139
integra l, see integra l
NO-key reset 176

RESET PROFILE 148
RESET WITH DEFAULTS 176
RESTORE PID DIGIN

defau lt  va lue 90
descr ipt ion 92
locat ion 73, 233

RestoreAuto parameter 66
ret ransmit , see process var iable retransmit
returning the controller 164
reverse act ion, see control ou tputs
REVERSED T/C DETECT

defau lt  va lue 82
descr ipt ion 85
locat ion 73, 233

RFI, see noise
RMA number 164
RO alarm code 166
RS alarm code 166
RS-232, see EIA/TIA-232
RS-485, see EIA/TIA-485
RT alarm code 166
RTD

accuracy 201
offset 84
range 201
recommended type 32
resolut ion 201
scaling resistors 32, 183
t roubleshoot ing 171
wir ing 32

RTD open a larm 66
RTD shor ted a larm 66

safety
external safety devices 9
output status on  power  up 10
symbols and signal words in th is manual 2

SAVE SETUP TO J OB
CANNOT SAVE J OB 75
defau lt  va lue 74
descr ipt ion 75
locat ion 73, 233

scaling parameters
example set t ings, flow sensor with 0-5 Vdc 

signal 191
example set t ings, pressure sensor  with 4-20mA 

signal 190
example set t ings, pulse encoder 192
linear inputs 86–89
process var iable ret ransmit 114–115
pu lse inputs 86–89

scaling resistors
CLS204 and CLS208 input circuit 180
CLS216 input  circuit 184
for  current  inputs 33, 181, 184
for  RTD inputs 32, 183
for  thermistor  inputs 183
for  voltage inpu ts 32, 182, 185
insta lling 180–186

SCSI cable 7, 9
clearance 13–14, 195
insta lling 27

SDAC HI VALUE
defau lt  va lue 93
descr ipt ion 95
locat ion 233

SDAC LO VALUE
defau lt  va lue 93
descr ipt ion 95
locat ion 233

SDAC MODE
defau lt  va lue 93
descr ipt ion 95
locat ion 233

SEG ## EV# DO## ACTIVE STATE
descr ipt ion 141
locat ion 136, 233

SEG ## EVENT # OUTPUT
descr ipt ion 141
locat ion 136, 233

SEG ## TR# DI## ACTIVE STATE
descr ipt ion 142
locat ion 136, 233

SEG ## TR# DI## TRIG
descr ipt ion 143
locat ion 136, 233

SEG ## TRIG # INPUT NR
descr ipt ion 142
locat ion 136, 233

SEGMENT ## EDIT SEG EVENTS
descr ipt ion 141
locat ion 136, 233

SEGMENT ## EDIT SEG TRGGRS
descr ipt ion 142
locat ion 136, 233

SEGMENT ## LAST SEGMENT
descr ipt ion 144
locat ion 136, 233

SEGMENT ## SEG SETPT
descr ipt ion 140
locat ion 136, 233

SEGMENT ## SEG TIME
descr ipt ion 140
locat ion 136, 233

SEGMENT ## SEG TOLERANCE
descr ipt ion 143
locat ion 136, 233

SENSOR FAIL CL OUTPUT
and ou tput  over r ide feature 77
and reversed thermocouple detect ion 85
and thermocouple short  detect ion 79
descr ipt ion 97
locat ion 73, 233
values 97

Sensor Fail Cool Output parameter
and fa iled sensor  a larm 65



Sensor  Fail Heat Outpu t parameter
and fa iled sensor a larm 65

SENSOR FAIL HT OUTPUT
and output  over r ide feature 77
and reversed thermocouple detect ion 85
and thermocouple short  detect ion 79
default  va lue 93
descr ipt ion 97
locat ion 73, 233
values 97

sensor inputs
engineer ing units 84
fa iled sensor a larms 166
filter 89
offset 84
ranges 83
specificat ions 200
t roubleshoot ing 171
type, set t ing 83
wir ing 29–34

Seria l DAC
agency compliance 210
clock input 210
configur ing outputs 188
configur ing the controller output 94
dimensions 20, 209
environment 209
input specificat ions 210
jumper  posit ions 188
mount ing 19–20
output specificat ions 211
process var iable ret ransmit 113, 118
specificat ions 209–211
wir ing 44–45

SET COOL OUTPUT 62
SET HEAT OUTPUT 62
SET MODE 147–148
SETPOINT 61
setpoin t

changing 61
ramp/soak ready setpoint 138
using cascade control to set 118
using PLC to set , example 129
using rat io control to set 124

SETUP GLOBAL PARAMETERS 74
locat ion 73, 233
parameters in  menu 74

SETUP LOOP ALARMS 99
locat ion 73, 233
parameters in  menu 99

SETUP LOOP CASCADE 119
locat ion 112, 233

SETUP LOOP CONTROL PARAMS 90
locat ion 73, 233
parameters in  menu 90

SETUP LOOP INPUT 82
locat ion 73, 233
parameters in  menu 82

SETUP LOOP OUTPUTS 93
locat ion 73, 233
parameters in  menu 93

SETUP LOOP PV RETRANSMIT
descr ipt ion 113
locat ion 112, 233

SETUP LOOP RATIO CONTROL
descr ipt ion 125
locat ion 112, 233

SETUP RAMP/SOAK PROFILE 137
locat ion 136, 233

shutdown devices 9
single loop display 56

control status symbols 56
navigat ing 57
ramp/soak symbols 146
when running ramp/soak profile 146

solid state relays
5 Vdc power from controller 204
dist r ibuted zero crossing 158
t roubleshoot ing controller connect ions 173

specificat ions 193–211
communicat ions 204
controller 204
controller inputs 200–202
controller outputs 202–204
CPU watchdog t imer 203
Dual DAC 207–208
power supply 205–206
Ser ia l DAC 209–211
TB50 196

SPREAD
default  va lue 90
descr ipt ion 92, 156
locat ion 73

spread 92
ST alarm code 166
STARTUP ALARM DELAY

default  va lue 74
descr ipt ion 78
locat ion 73, 233

T control status symbol 56
TB18

alarm outputs 37–38
connect ions 40
CPU watchdog t imer  ou tput 38
digita l output  wir ing 36
test ing after  insta lla t ion 28
to power encoders 34
t roubleshoot ing 173

TB50
alarm outputs 37–38
connect ing to controller 27
connect ions for  CLS204 41
connect ions for  CLS208 41
connect ions for  CLS216 42
CPU watchdog t imer  ou tput 38
digita l output  wir ing 36
dimensions 196–199
for  power ing Ser ia l DAC 44
mount ing on DIN ra il 17
mount ing with standoffs 18
specificat ions 196
technical descr ipt ion 8
terminal specificat ions 197
test ing after  insta lla t ion 28
to power encoders 34
t roubleshoot ing 173



TD, see der ivat ive
temperature

incor rect  on display 167, 171
operat ing 194, 205, 207, 209
storage 194, 205, 207, 209

terminal specificat ions
controller 196
TB50 197

TEST DIGITAL OUTPUT
defau lt  va lue 103
descr ipt ion 104
locat ion 73, 233

test ing
TB18 after insta lla t ion 28
TB50 after insta lla t ion 28
see a lso t roubleshoot ing

thermistor inputs, scaling resistors for 183
Thermocouple Shor t  Alarm parameter 66
thermocouples

accuracy 201
ground loops 31
manual mode if break occurs 97
offset 84
polar ity checking 85
range 201
resolut ion 201
reversed detect ion 85
shor t  detect ion 79
t roubleshoot ing 171
types supported 83
wir ing 31–32

thermoforming example 131
three-key sequence 71
TI, see integra l
t ie wraps 35
TIM REM= 147
t ime proport ion ing 94

cycle t ime 95
descr ipt ion 157

TOHO 151
torque, see terminal specificat ions
tr iggers, ramp/soak 142
troubleshoot ing 163–176

alarms 164, 166
all loops are set  to manual 0% 167
AMBIENT WARNING 168
check these th ings first 163
communicat ions 174–176
control outputs 172–173
control status switches unexpectedly 167
digita l inputs 29, 103, 173
digita l outputs 28, 104, 173
display does not  work 167
grounding problems 172, 175
H/W AMBIENT FAILURE 169
H/W GAIN FAILURE 170
H/W OFFSET FAILURE 170
keypad 105, 167, 170
LOW POWER 168
process var iable incorrect  on  display 167, 171
sensor inpu ts 171
software 176
TB18 173
TB50 173

tolerance a larms 151
unexpected behavior 167

TUNE 56, 61, 64
tuning cont rol loops 159–161

UL, see agency compliance
under-temperature shutdown devices 9
unlocking the keypad 78
up-ar row key 53

voltage inputs
ranges 202
resistance 202
scaling resistors 32, 182, 185
wir ing 32

weight
controller 194
Dual DAC 207
power supply 205
Seria l DAC 209
TB50 196

wire sizes
controller 196

wir ing, see insta lla t ion

YES key 53
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