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Temperature Controls Selector Chart 
Designer's Aid — How to Get Better Temperature Control 
Cartridge Type THERMOSWITCH® Differential Expansion Con-

trollers with local adjustment 
Surface Mounting THERMOSWITCH Differential Expansion 

Controllers with local adjustment 
Thermally Actuated Fire Detection and Release Devices 
Precision Snap Disc Thermostats 
Non-Indicating Liquid Expansion, Snap Action, Temperature 

Controllers with local adjustment 
Remote Sensing Liquid Expansion, Indicating and Non-

Indicating Temperature Controllers with Bulb & Capillary 
DIN-Sized (96mm x 96mm) Indicating and Non-Indicating 

Thermocouple Controllers 
DIN-Sized (96mm x 96mm) Indicating and Non-Indicating 

Thermistor Controllers 
Thermistor Sensing Temperature Controller with Remote Meter 

Options 
Non-Indicating Thermocouple Controllers, including UL Recog-

nized and FM Approved High Limit Devices 
Thermistor Probes 
Thermocouple Probes 
Direct Spark Ignition Systems and Pilot Relighters 
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TEMPERATURE CONTROL SELECTOR CHART 

Bi Metal 
Snap Disc 

Thermostat 
2500 

FEATURES 
Nonadjus tab le set 
point. Close toler-
ance. Up to 12 amp 
output. 

2000 
U L C o m p o n e n t 
Recognition. 

D 
E 
G 
R 
E 
E 
S 

1500 

1000 

700 

600 

500 

400 

300 

200 

1 0 0 

PROBE 
TYPE 

- 1 0 0 

- 2 0 0 
Page 17 

Differential 
Expansion 

Thermoswitch 
Controller 

FEATURES 
Adjustable set point. 
0 .1 °F s e n s i t i v i t y . 
Slow make-break. 
Rugged cons t ruc -
tion. 

Various head styles. 
%" cartridge. 
10 amp output. 
High Tempera tu re 
Models available. 

U L C o m p o n e n t 
Recognition. 
CSA Certified. 

Page 11-13 

Surface 
Mounting 

Thermoswitch 
Controller 

FEATURES 
S m a l l s i z e , low 
cost. 10 amp out-
p u t / 1 2 0 VAC ad-
justable set point. 

Sur face moun t ing 
brackets available. 
U L C o m p o n e n t 
Recognition. 

Page 14-15 

Liquid 
Expansion 

Thermoswitch 
Controller 

FEATURES 
Single or dual snap 
switch. Travelling or 
Independent Differ-
ential. 

U L C o m p o n e n t 
Recognition. 
CSA Certified. 

Page 18-20 

Liquid 
Expansion 
400 Line 

FEATURES 
Single or dual snap 
switch. Travelling or 
Independent Differ-
ential. 

Dual scale (°F & °C). 
4 Bulb styles. à 
Pneumatic and Pro-' 
por t ion ing models 
available. 

15 amps output. 
UL Listed and CSA 
Certified. 

NONINPICATir 
FM 

HIGH LIMIT 

Page 21-26 

Price Range 

$5-$20 $28-$63 $5-$8 $29-$56 $120-$232 

2 
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2500 

2000 

700 

TEMPERATURE CONTROL SELECTOR CHART 
Thermistor Sensing 

Series 194 

FEATURES 
ON/OFF or Propor-
tioning • SPDT or 
DPDT relay rated at 
10 amps or SPDM 
rated at 25 amps or 

DC output for solid 
state relays. 
Field se lectab le 
voltage inputs (120, 
208, 240 VAC). 
Sensor lead break 

1500 

1000 

protection. 
UL C o m p o n e n t 
Recognition. 

Excellent control 
over limited tem-
perature ranges. 

600 

500 

400 * * 
REM 

300 

200 

1 0 0 

REMOTE 
MULTI-POINT 

METER 

TRIAC 
OUTPUT 

t r 4 - - m.. 

RELAY 
OUTPUT 

100 

-200 
Page 29-32 

Series 551 

FEATURES 
ON/OFF or Propor-
t i o n i n g C o n t r o l 
Modes . SPDT or 
DPDT relay rated at 
10 amps or DC out-

put for solid state 
relays. 
Field se lectable 
voltage inputs (120, 
208, 240 VAC). 
Sensor lead break 

protection. 
Large variety of 
thermistor probes 

available. 
UL C o m p o n e n t 
Recognition. 

Excellent control 
over temp, ranges 
from - 5 0 to 750!F. 

Page 27-28 

Thermocouple Sensing 

Series 550 

FEATURES 
Time proportionning. 
7 segment LED dis-
play of process & con-
troller set point. Uses 
standard type J or K 
thermocouples. 

DIGITAL 
INDICATING 

Page 27-28 

Series 550 

FEATURES 
DIN-Sized. Non-in-
dicating. Deviation 
or Full scale indicat-
ing. Analog or Digi-
tal. SPDT or DPDT 

relay rated at 10 
amps or DC output 
for solid-state relay. 
UL C o m p o n e n t 
Recognition. 
Single or dual point. 

ANALOG 
INDICATING 

Page 27-28 

Series 543 

FEATURES 
Surface mounting or 
Custom installation. 
SPDT or DPDT 
relay output rated up 
to 25 amps. 

Field se lectable 
voltage inputs. 

\ , . . . v ~ 

FM APPROVED 
HIGH LIMIT 

Page 33-34 
Price Range 

$52-$92 $85-$229 $92-$131 

3 
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how to get better 
T E M P E R A T U R E 
C O N T R O L 

This catalog discusses the various consid-
erations in designing a thermal system, sug-
gests how they can be applied, and outlines 
some practical rules for designers. 

1. What is a Heated System? 
There are four elements in a heated system, 

all of which contribute in some way to control 
performance. 

A. Work (or Load): The material or product 
which must be maintained at a controlled tem-
perature. The heat demand of the work may be 
steady; that is, the same material must be held 
at constant temperature for a prolonged period, 
such as a culture in an incubating oven. More 
commonly, the heat demand of the work is vari-
able and cycl ic; that is, cold material period-
ically enters the system, absorbs heat, is re-
moved and replaced by another batch of cold 
material. An example of a variable system is a 
molding press which receives a batch of cool 
plastic, forms, cures and ejects it and repeats 
the cycle several times a minute. 

b . Heat Source: The device which delivers 
the heat used by the system. The source may 
be electrical heaters, oil and gas-fired heaters, 
or any other source. The process may be ex-
othermic; i.e., generate its own heat. 

c. Heat Transfer Medium: The material 
which transmits the heat from the heat source 
to the work. The material may be a solid, liquid, 
or gas. Its transfer characteristics play a large 
par t in d e t e r m i n i n g how fas t t e m p e r a t u r e 
changes are transmitted through the system 
and, consequently, how closely the system can 
be controlled. 

D. Controller: The instrument which controls 
the heat flow on the basis of the discrepancy 
between the sensed temperature and the con-
troller's set point. 

2. A Practical Approach to Accuracy 
The user of a thermal system is interested in 

one basic question: is the temperature control 
accurate enough to operate his product or proc-
ess satisfactori ly? Control requirements are far 
less stringent in a waffle iron than in a crystal 
oscillator oven. Maintaining exact temperature 
in a wax applicator tank is less crit ical than in 
a laboratory viscosimeter. The point is that ex-
act control of a system takes time, care and 
money. Moreover, it takes h ighly sensi t ive 
measur ing inst ruments and i n d i c a t o r s — a n d 
frequent recalibration in se rv ice— to tell just 
how good the control is. Eliminating the last de-
gree or fraction of a degree of temperature de-
viation is costly and should be done only for 
sound practical reasons. 

Nonetheless, good control is attainable with 
standard instruments. To be sure, control wi l l 
be no better than the capabilit ies of the con-
troller, but unless the system is designed as an 
entity, there is little assurance that the con-
troller can deliver what the user expects of it. 

3. What Affects Control Accuracy? 
System bandwidth and constancy of mean 

temperature are the overall measures of control 
accuracy. They are affected by many factors: 

1. Temperature Gradients—the range of tem-
perature variation throughout the system 
at any given instant 

2. Thermal L a g — t h e time delay for a tem-
perature change in one part of the system 
to be felt in other parts of the system (See 
page 5 ). 

3. Location of the Controller's Sensing Ele-
m e n t — i t s p lacement re la t i ve to heat 
source and load (See page 5 ). 

Fig. 1 

4. Response Speed and Sensitivity of the 
Con t ro l l e r— these and other character-
istics make up inherent controller accura-
cy. They determine how well it is suited 
for a given application (See page ). 

5. Heat Balance—the capacity of the heat 
source in relation to heat demand from the 
work, plus heat losses. Improper balance 
can destroy control (See page ). 

How the Rest of the System 
Affects Control Accuracy 

1. Thermal Gradient 
If you were to measure the temperatures in a 

thermal system at some instant, starting at the 
heater and progressing outwards to the edge of 
the system, you would find that the temperature 
drops progressively as you move farther away 
from the heat source. This gradual drop existing 
in a system is called a thermal gradient. 

Every o p e r a t i n g t h e r m a l sys tem has a 
gradient at all times. Temperature changes are 
occurring continuously because of heater cy-
cl ing and heat losses, but these changes are 
not transmitted immediately through the re-
mainder of the system. As a result there is al-
ways a temperature differential or gradient be-
tween points, with the highest temperature ob-
tained at the heat source and lowest at the out-
er edges of the system. Some gradient is essen-
tial for heat flow, since heat cannot flow unless 
there are areas of lower temperature to move 
into. 

Assume you have a metal bar containing a 
heater, sensing element and a pellet of material 
representing the work load. If you place a sen-
sitive temperature indicator at various points in 
the bar and record the temperatures existing at 
the beginning, middle and end of the operating 
cycle, you would obtain three different tempera-
ture curves. These represent the temperature 
gradient in the system at three instants during 
its continuous cycl ic change from minimum to 
maximum steepness. 

A. Allow for Gradient When Measuring 
and Controlling Temperature. Because 
temperature varies along the gradient, it 
is important to measure temperature as 
close as possible to the area you want con-
trolled. If you place the thermometer between 
the work and the heater, the reading wi l l usual-
ly be higher than the temperature in the work 
area. If you measure the temperature at a low 
point in the gradient, for example, near the out-
er surface of the system, it may well be lower 
than the temperature at the work area. 

By the same reasoning, the set point of the 
controller must be adjusted according to its 
relative location. The closer to the heater you 
get, the larger the offset necessary to keep from 
shutting off the heater too soon. For example, to 
control the work at 300 degrees when the sens-
ing element is between the work and the heater, 
you may have to set the controller at 305 or 310 
degrees to enable the heater to reach a suf-
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f iciently high temperature to produce a useful 
temperature rise at the work area. 

a How to Reduce Gradients. Although 
thermal gradients are inevitable and necessary, 
excessive gradients can be troublesome. They 
can be reduced in these ways (covered in detail 
in following section): 

1. Balancing heater capacity against heat de-
mand. Gradients are influenced by the amount 
of heat input and heat losses. Too large an in-
put wi l l increase the gradient and the tempera-
ture bandwidth. 

2. Proper setting and location of the sensing 
element to control the duration of the heat 
cycle. 

3. Insulating the system to reduce heat loss. 

2, Thermal Lag 
The delay in the distribution of heat through 

a system is called thermal lag. It is present to 
some extent in every system. It is influenced by 
the distance between the heat source and the 
work, and the resistance to heat flow and heat 
capacity of the heat transfer medium. 

Thermal lag is the enemy of accurate control 
because it handicaps the controller. It withholds 
from the controller for a certain in te rva l—wh ich 
may be as much as several minutes in some 
cases—informat ion about temperature changes 
in the system. This lag can prevent the sensing 
element from sensing heat demand soon enough 
to deliver the heat when needed. It can also de-
lay the arrival of heat at the element so long 
that the heater has delivered more heat than the 
system needs to recover from a temperature 
drop. The result in the f irst case is temperature 
undershoot; in the second case, temperature 
overshoot. Both can produce an undesirably 
large system bandwidth. 

Since thermal lag can never be entirely elimi-
nated, one of the major prerequisites for close 
control is to reduce lag to the largest extent 
practical, and to compensate for the remainder. 
Thermal lag can be reduced by using materials 
and techniques to speed up heat distribution. 

The remaining lag can be compensated for by 
selecting a controller of sufficiently fast re-
sponse and carefully placing its sensing ele-
ment at a point where it can sense important 
temperature changes quickly. 

Thermal lag can produce misleading informa-
tion for evaluating controller performance in a 
rapidly changing system. In certain systems the 
lag can be large enough so that, when the sens-
ing element is placed between the heat source 
and the work area, the controller may call for 
heat because of reduced temperature in its area, 
while the temperature at the work is just start-
ing to rise as a result of the previous heating 
cycle. This effect can seem even more pro-
nounced if the controller has a fast response 
while the temperature indicator at the work has 
a large inherent lag, such as is found in many 
mercury-in-glass thermometers. 

3. Selecting the Heat Transfer Medium 
The selection of the heat transfer medium 

has much to do wi th the amount of thermal lag. 
Solids, l iquids and gases are all used as heat 

transfer media, wi th metals probably the most 
commonly used. In most cases the choice is al-
ready f ixed by the cost, size, and application for 
the thermal system. However, where close con-
trol is the f i rst consideration, the fol lowing eval-
uation of transfer media wi l l be helpful. They 
are listed in order of decreasing preference for 
close control, and, in some cases, there may be 
overlap between individual materials in different 
classes. 

1. Well-agitated liquids 
2. Rapidly moving air 
3. High-diffusivity metals 
4. Low diffusivity solids 
5. Stagnant air 
6. Stagnant liquids 

4. Proper Location ot Components 
By now it should be clear that a controller 

performs no better than the system permits. 
Thermal lag is one of the major factors in hand-
icapping the controller. Lag can be reduced by 
proper choice of the heat transfer material. It 
can be further reduced by a wise matching of 
the controller wi th the application and by plac-
ing the components correctly in the system. 
Correct placement is essential, because starting 
with the same heat source, controller and ther-
mal load, you wi l l obtain widely different con-
trol accuracies depending on the relative loca-
tions of these components. 

If the heat source, sensing element and work 
could be always grouped into a compact area, 
there would be little problem wi th control. The 
short heat path from the heater would enable 
the sensing element to respond quickly to tem-
p e r a t u r e i n c r e a s e s at the hea te r , c y c l e 
frequently and minimize overshoot. 

In the majority of cases this intimate group-
ing of system elements is not feasible due to the 
relatively large size of the system and the fact 
that the heat source is at some distance from 
the work area. The problem then arises as to 
where to place the sensing element, because 

Fig 3 

moving it away from either the heater or load 
affects control in some manner. There is no 
single answer to the problem. The designer's 
problem is to arrive at the best compromise for 
his thermal system. 

When the work and the heat source are sepa-
rated, placement of the sensing element in-
volves compromising the advantages of small-
est bandwidth and constant mean temperature 
at the work area. Both cannot be attained at the 
same time. You must decide which of the two 
types of accuracy is more important for your 
system. 

A. Importance of Cycling Frequency. Pre-
cision performance of ON-OFF controls requires 
frequent cycl ing of the heat source. (In systems 
using other than an ON-OFF control mode, 
frequent cycl ing is unnecessary.) Rapid cycl ing 
produces a series of short bursts of heat which 
approximates a steady heat input at the load. 
Infrequent cycling, on the other hand, causes 
prolonged heating intervals in wh ich large 
quantities of heat enter the system. This results 
in wide variation in thermal gradient during the 
operating cycle and undesirably increases the 
system bandwidth. 

Although rapid cycling is desirable because 
it reduces bandwidth, there are practical limits 
to be considered. Excessive cycling decreases 
the service life of contacts and mechanical 
components of the controllers, relays, heaters, 
and other cycled components. The optimum 
cycling frequency is one that produces the de-
sired system bandwidth without excessive wear 
on the cycl ing components. 

Cycling frequency can be reduced by moving 
the sensing element away from the heat source. 
If this is not practical, you can reduce it by in-
creasing the thermal lag to the element by some 
artif icial means, such as insulating the element 
with a strip of asbestos, a heat shield or a re-
flecting strip. 

Rapid advances in the state of the art of solid 
state electronic devices such as sil icon con-
trolled rectifiers and thyristors allows their di-
rect replacement for mechanical relays and 
controllers in electrical heating. These solid 
state devices can be switched rapidly without 
the mechanical problems of wear and servicing. 
However, initial installation costs are somewhat 
higher. 
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a Preferred Component Location for 
Various Thermal Systems. Although in prac-
tice thermal systems are not purely steady or 
variable, they usually are predominantly one or 
the other. For such systems, the fol lowing rule 
of thumb wi l l be helpful: where the heat de-
mand is relatively steady, the sensing element 
should be placed closer to the heat source; 
where the demand is largely variable, it should 
be nearer to the work area. 

c. Liquid and Gas Systems. In liquid 
baths and ovens where the heat demand is pri-
marily steady, locating the sensing element fair-
ly close t o — a n d above—the heat source should 
minimize bandwidth. In the arrangement i l lus-
trated in Figure X, the element is in an undesir-
able position because the slowly moving con-
vection currents take too long to reach i t By the 
time the controller can turn off the heater, too 
much heat has already been generated and 
overshoot becomes inevitable. Agitation and/or 
distribution of the heat sources over the bottom 
of the tank wi l l help shorten the lag in heat 
transmission, increase temperature uniformity 

and improve control. However, the narrowest 
bandwidth wi l l be obtained wi th the arrange-
ment illustrated in Figure Y. Bringing the sens-
ing element closer to the heaters further reduc-
es thermal lag, while the agitator promotes uni-
form mixing and reduces heat gradients. 

Figure Z shows an analogous situation for 
ovens. Generally, the best location for the sens-
ing element is fair ly close to the heating ele-
ments to reduce the transfer lag of the con-
vection currents. It may have to be moved 
closer to the center of a large oven, where the 
heat source is also large, to lower temperature 
offset to a point where the temperature wi l l be 
more representative of the entire oven. Wher-
ever feasible, blowers should be installed to 
prevent temperature stratif ication and eliminate 
stagnant air pockets around the sensing ele-
ment which can insulate it and slow its re-
sponse. Multiple heaters or coils distribute the 
heat faster and more uniformly than a single 
concentrated source, and are preferable for that 
reason. 

5. Insulation is Important ^ 
Proper insulation has the double-barreled ad-

vantage of reducing heating costs whi le im-
proving control accuracy. 

Besides saving heat another important func-
tion of insulation is to minimize temperature 
gradients wi thin the system. Although gradients 
cannot be eliminated entirely, they should be as 
smal l as possible to keep the temperature 
nearly uniform throughout the system. Reduc-
tion of gradients also lowers the offset required 
for the controller setpoint, and produces a nar-
rower system bandwidth as the heaters cycle. 

Best temperature control with minimum heat 
input is obtained when the thermal conductivity 
within a system is high but the conduction of ^ 
heat away from the system is low. For this rea- ft 
son the system should be thermally insulated 
from any supporting structures which wi l l carry 
away heat and increase the gradient This is 
particularly important where the heated mass is 
relatively small compared with the supporting 
structure; for example, a heated platen in a 
large press. 

How to Heat the System 
1. Sizing the Heat Source 

No ON OFF system can be controlled accu-
rately without proper heat balance. Heat bal-
ance refers to the relationship between the ca-
pacity of the heat source and the heat require-
ments in a given system. For best control, the 
heat should be on 50 percent of the time when 
the system is at the desired operating tempera-
ture. The three curves in Figure 4 illustrate the 
effect of heat balance on temperature control. 
Curve (A) shows what happens when the heat 
source is too large. The temperature of the sys-
tem rises sharply each time the heat is turned 
on, causing repeated thermal overshoot with 
each cycle. Curve (B) illustrates the control in a 
balanced system (heat-on 50% of the time). 
Note that the rates of heating and cooling are 
approximately equal and the deviations from the 

control point are small and equal. Such a sys-
tem wi l l be flexible enough to maintain good 
control even if the heat demand should increase 
or decrease by a fair ly substantial amount. 
Curve (C) shows what happens when the steady 
heat demand exceeds the heater capacity. Even 
though the heater is on continuously, the sys-
tem never reaches control temperature. Even if 
the heat is ON 50% of the time under normal 
circumstances, more than double this amount of 
heat may be required if low voltage combines 
with cool breezes or fans. Allowances must be 
made for this factor when selecting heaters to 
obtain an actual 50% ON time. 

It is seldom possible to obtain perfect heat 
balance in normal industrial operations. How-
ever, whenever the heat source is on mere than 
60% of the time, the heater rating should be in-
creased. If the heater is on less than 40% of the 

Fig.Z 

time, the rating is too large and should be de-
creased. 

Procedure for Proper Sizing of the Heat 
Source. Two factors enter into determining the 
required heater rating: (1) the amount of heat 
needed to bring the system up to operating tem-
perature from a cold start wi thin a specified 
time, and (2) the amount of heat required to sat-
isfy the demand of the system (including loss-
es) during normal operation. Usually the larger 
of the two wi l l determine the minimum rating. 
However, where the warm-up requirements are 
relatively large, special techniques to handle 
warm-up conditions can be used. 

2. Heater Selection 
There are many heating methods available, 

such as steam or hot-water jackets or coils, 
Dowtherm and similar heat exchangers, as well 
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Fig. 4 Effects o f hea t 
b a l a n c e on t e m p e r a t u r e 
fluctuations i n a t h e r m a l 
s y s t e m , r e s u l t i n g f r o m 
use o f : a, t o o l a r g e a 
hea te r ; b, the r i g h t c a p a c -
i t y h e a t e r ; a n d c, t o o 

s m a l l a hea te r 
(a) Excess/ve heat (t>) Balanced heat (c) Insufficient heat 

Set point 

as radiant and direct contact heaters. 
A. Installation Method. The manner in 

which the heaters are installed can affect uni-
formity of heat distribution, rate of heat build-up 
and heating costs in the system, as well as de-
termine the configuration and rating of heaters 
to be used. The more intimate the contact be-
tween the heaters and the material or part being 
heated, the better is the heat conductivity. Good 
conductivity improves temperature control and 
lengthens heater life. The usual methods of in-
stalling heaters, listed in decreasing order of 
heat conductivity are: 

1. Cast integral with metal or immersed in 
liquids or gases 

Selecting the Temperature Controller 

Time » 

2. Inserted in hole drilled in metal 
3. Placed in groove in surface of metal 
4. Wrapped around or clamped to the sur-

face 
5. Spaced away from surface being heated 

(except for radiant heaters) 

Heaters are manufactured in a variety of 
shapes and forms to fit the type of installation. 
Cartridge, strip, ring, tubular and immersion are 
common configurations. 

a Selecting the Proper Sheath Material 
The resistance element and outer sheath ofa 
heater are designed for service within certain 
temperature limits. If the heater is operated con-
sistently at excessive temperatures, the heating 

Good temperature control depends on many 
more factors than the performance of the con-
troller alone. Nevertheless, the type of controller 
must fit the application if the system or equip-
ment is to operate within the required accuracy 
limits. The process for choosing a controller 
should be based on the fo l lowing consid-
erations. 

1. What to Look For 
A. Temperature range: the operating range 

of most controllers is limited by one or more of 
the following factors: type of sensing element, 
type of liquid fill, mechanical design or con-
struction materials. The system operating tem-
peratures should fall well wi thin the controller's 
operating range, leaving leeway for possible 
over and undershoots. 

a Resolution sensitivity: this fac to r—one 
measure of con t ro l l e r q u a l i t y — s t a t e s the 
amount of temperature change that must occur 
before the controller wi l l actuate. It may be ex-
pressed either as a specified number of degrees 
or as some percentage of the controller's oper-
ating range or scale. 

In the majority of controllers, the sensitivity 
is some fixed value, but in many higher-quality 
controllers the sensitvity can be adjusted over a 
range of values to provide greater flexibil ity. 
The better the sensitivity, the narrower the sys-
tem bandwidth produced, all other conditions 
being equal. However, to translate good con-
troller sensitivity into correspondingly accurate 
control calls for careful designing, heating and 
insulating of the system as well as relatively 
high cycling rates. For these reasons, unless it 
is actually needed, high sensitivity should not 
be the only consideration. In most applications 

a controller having a sensitivity of from 2-5°F 
wi l l be adequate, if it is properly installed and 
used. 

g Speed of response: this factor is a meas-
ure of the time it takes for a temperature change 
occurring at the sensing element to be trans-
lated into a controller action. This is a distinctly 
different concept from resolution sensitivity be-
cause, even though two controllers may be 
equally sensitive, they may not necessarily re-
spond within the same time. 

Response time depends to a large extent on 
the operating principle of the controller. For ex-
ample, a THERMOSWITCH® control wi l l respond 
considerably faster than an ordinary thermostat 
with an enclosed bi-metallic element, because 
its shell is the temperature-sensing element. 
The housing of the enclosed-element type, on 
the other hand, acts as a barrier which slows 
up heat transfer and increases response time. 
Liquid-fi l led systems are more rapid than gas-
f i l led systems, because l iquids have higher 
thermal conductivit ies and thus respond more 
quickly to temperature changes. Thermo-elec-
tric sensing elements are the most rapid of all. 
In general, response time wi l l be low for sens-
ing elements having low mass (e.g., the ther-
mistor), and a short heat transfer path between 
the temperature to be sensed and the actual 
sensing member (e.g., the THERMOSWITCH de-
sign). In addition, the probe should be as thin 
as possible and fabricated from a good thermal 
conductor. 

Fast response is important in two types of 
applications: (1) where the system temperature 
changes rapidly and frequently; (2) where the 
heat transfer medium is a relatively poor con-
ductor, such as gases or slowly-circulating liq-

element wi l l fail prematurely and the sheath 
metal wi l l deteriorate rapidly. 

Corrosion problems must also be considered 
when select ing the proper sheath material. 
When working wi th corrosive or oxidizing mate-
rials, it is vital to select a sheath material that 
has good corrosion-resistance at the tempera-
tures in question. For unusual service require-
ments, consult the heater manufacturer. 

C Selecting Proper Watt Density. Be-
cause of differences in heat absorption and heat 
transfer, there is a limit to the rate at which 
various types of materials can be heated safely. 
If the heating rate is excessive, the area around 
the heater wi l l become overheated. This local-
ized overheating may deteriorate the material 
being heated and damage the sheath and heat-
ing element. 

Heaters are rated on the basis of watt den-
sity, which is the number of watts produced 
per square inch of heated sheath surface. The 
higher the absorption rate of the material, the 
higher the permissible watt density for the heat-
er. To aid in selecting a heater which wi l l pro-
duce a safe heating rate, most heater manufac-
turers publish recommendations on allowable 
watt densities for various situations. 

uids. Speed of response is less important where 
temperatures remain relatively constant for long 
periods, where highly accurate control is not 
essential, or where proportional control is used. 

D. Sensing element dimensions: these 
vary depending on the operating principle of the 
controller. Of the commonly used industrial con-
trollers, l iquid-fi l led controllers are available in 
a var ie ty of sensing element conf igurat ions 
ranging from long, thin, to short, squat types, 
and can be adapted to many installation re-
quirements. Where space is a crit ical consid-
eration, a midget or miniature THERMOSWITCH 
unit, or a thermistor element no bigger than a 
common pin, wi l l solve the problem. 

a Method of adjusting setpoint: where 
the sensing element must be placed in a loca-
tion that is diff icult or hazardous to reach, there 
is little alternative to using a remote-setting 
controller to adjust the setpoint. Bulb-and-ca-
pillary controlls can be furnished with capil lary 
lengths of 10 f t or more; thermistor control 
leads can be 200 f t long. However, wherever 
adjustments wi l l be accessible while the system 
is operating, a local-bulb type controller is a 
good choice, and wi l l be more economical. 

F. Control mode: this refers to the method 
in which the controller attempts to restore sys-
tem temperature to the desired level. The two 
most common methods are two-position (on off) 
and proportioning (throttling) control. Two-posi-
tion control results in a certain amount of over 
and undershoot which may be excessive under 
certain conditions. Proportioning control pro-
vides one method for preventing overshoot by 
tailoring the size of the correction to the amount 
of temperature error. Some Fenwal controllers 
are designed to operate as on off controls; oth-

7 



FENWAL F E N W A L I N C O R P O R A T E D 

A s h l a n d , Mass . 0 1 7 2 1 6 1 7 / 8 8 1 - 2 0 0 0 

I I S 
ULTIMHEAT ® 

VIRTUAL MUSEUM 

ers operate in both the on-off and proportioning 
modes. The advantages and limitations of each 
control mode wi l l be discussed in detail in a la-
ter section. 

2. How Temperature Controllers Work 
The operating principle of a controller can 

tell a great deal about the performance to ex-
pect. Most of the commonly-used indust r ia l 
temperature controllers today are based on one 
of three operating principles. These are: differ-
ential expansion of metals; f luid expansion; and 
electronic. Fenwal manufactures controllers of 
each type. 

A. Differential expansion controllers: 
This familiar principle of sensing temperature 
makes use of the fact that dissimilar metals un-
dergo unequal changes in length with a given 
change in temperature. The sensing element in 
a common class of thermostats consists of two 
pieces of dissimilar metals fabricated into a 
strip, coil or disc. As the temperature changes, 
the element tends to warp or distort and the re-
sulting motion can be used to operate a circuit 
by moving an electrical contact toward or away 
from a mating contact. This motion can also be 
used to overcome the force of a spring-loaded 
detent, which wi l l actuate a snap switch. 

A ref inement of the d i f ferent ia l -expansion 
principle is the strut-and-tube thermostat, such 
as the cartridge THERMOSWITCH unit, and its 
midget and miniature counterparts. In this de-
sign, the bimetals are not bonded together into 
a single element, but comprise two basic parts 
of the thermostat The outer shell is made of the 
high-expanding material, usually brass or stain-
less steel and the strut assembly is made from 
a low-expanding metal, usually a high nickel al-
loy. The strut assembly, on which a pair of 
electrical contacts are mounted, is installed in 
the shell under tension or compression depend-
ing on whether the maximum overshoot capabil-
ity or maximum setting range is desired. Be-
cause each end of the strut assembly is me-
chanically connected to the ends of the shell, a 
net change in force is produced on the low-ex-
pansion strut assembly as the high-expanding 
shell expands or contracts with changing tem-
perature. The amount of shell movement neces-
sary to cause the contacts to open or close is 
set by an adjusting screw and since this move-
ment is a direct function of temperature, the 
screw settings determines the control tempera-
ture. This adaptat ion of the d i f ferent ia l -ex-
pansion principle gives several important con-
trol advantages: 

1. Because the outer shell is the active tem-
perature sensing member, and not merely a 
housing, response to temperature change is al-
most instantaneous. 

2. This shell and strut arrangement has "an-
ticipation1 ' characteristics, which substantially 
reduce the amount of over and undershoot un-
der conditions or rapid temperature change. An-
ticipation is produced by an inherent time lag 
between the shell and internal struts, which 
causes the shell to " lead" the stuts by an inter-
val that varies directly with the rate of tempera-
ture change. With rapid temperature rise, the 
shell exerts a larger net force on the struts and 

tends to pull them apart sooner than would be 
the case when the temperature is r ising slowly. 
The result is several degrees or more of antici-
pation which help produce closer control. 

3. The strut-and-contact assembly operates 
by slow make and break, which means that ev-
ery temperature change, no matter how small, 
causes a corresponding change in the spacing 
between the electrical contacts. This means 
that contact action can be produced by a very 
small temperature change, which accounts for 
the excellent resolution sensitivity (0.1 F) of 
THERMOSWITCH controls. On the other hand, 
thermostatic units whose contacts are actuated 
by a snap switch or similar detent action, have 
sensitivities of several degrees since a finite 
amount of energy must be absorbed to over-
come the restraining forces on the contact as-
sembly and thus produce contact actuation. 

4. Since the strut assembly is assembled un-
der tension or compression, a properly installed 
unit has excellent vibration resistance and wi l l 
operate reliably and accurately under diff icult 
physical conditions. 

All current-carrying devices tend to heat up 
as the current load increases. This is also true 
of THERMOSWITCH units. As current load 
across its contacts increases, the heat gener-
ated is largely absorbed by the strut assembly 
on which they are mounted. Heating the strut 
assembly has the same net effect of raising the 
setting of the controller. For this reason, al-
though the control wi l l handle loads up to 10 
amps, it produces best control at more con-
servative loads. Where the loads are greater 
than 3 to 4 amps, much better results wi l l be 
obtained by using a relay as the load-carrying 
element with the control handling the pilot load. 
Another alternative, where electrical load ex-
ceeds 3-4 amps and the operating temperature 
is applicable, is to use the Series 20000 liquid-
filled thermostat. In this uni t the current is han-
dled by a snap switch so that the size of the 
current load has little effect on the controller 
action. 

a Liquid-filled controllers: if a small con-
t a i n e r is c o m p l e t e l y f i l l e d w i t h an in -
compressible liquid, the volume of the liquid 
wil l change with the temperature. If the contain-
er is somewhat elastic, such as a bellows, it 
wi l l move in response to the changing volume 
of the liquid. The motion of the bellows can 
then be transmitted through a push rod or me-
chanical linkage to actuate the contacts of an 
electrical switch. By setting the height of the 
switch with an adjusting screw, the amount of 
push rod travel required to operate the s w i t c h -
hence the operating temperature of the u n i t -
can be controlled. 

There are two basic types of l iquid-fi l led tem-
perature controllers. The first is the local-bulb 
thermostaL An example of this type is the 
Series 20000 uni t in which the sensing liquid, 
bellows and push rod are all enclosed in a cy-
lindrical shell which is inserted directly in the 
process. At the top of the shell is the head of 
the unit containing the control switch and lead 
wires. This type is non-indicating. 

The second type is the bulb-and-capil lary 
controller. In this type the expansible liquid is 

contained in a metal bulb which is the sensing 
element. The pressure from the expanding fluid 
in the bulb is transmitted hydraulical ly to the 
bellows through a thin capil lary tube, 6-10 ft 
long, also fi l led with the expansible fluid. A sep-
arate housing, located remotely from the bulb, 
conta ins the bellows, actuat ing mechanical 
l inkages, ind icat ing mechanism and control 
switches, etc. A typical bulb-and-capil lary con-
troller is the 400 Line (indicating). 

The liquid-fi l led local bulb thermostat is in-
tended to supplement not replace, the differ-
e n t i a l - e x p a n s i o n THERMOSWITCH design. 
While the liquid-fi l led thermostat is inherently 
less sensitive, the use of snap switches to carry 
the electrical load simplifies the circuitry. The 
load carrying characteristics of both the local-
bulb and bu lb -and-cap i l la ry contro l lers are 
quite versatile, since their snap switches can be 
interchanged for various types of service, in-
cluding 20 amps at 120 or 240 volts AC, as well 
as narrow differential, high inrush and manual 
reset In addition, switches can be paired to 
produce control action at two selected tempera-
tures. In the 400 Line controller, the two-switch 
arrangement can be furnished to permit individ-
ual setting or constant differential between the 
two settings, with indication of one or both set-
tings as well as the process temperature. The 
Fenwal 400 Line also includes a proportioning 
potentiometric output controller which provides 
"straight line" control when used with propor-
tional positioning motors or valves. 

c. Thermistor-Actuated controllers: 
these controllers, exemplified by the Fenwal 
Series 194, represent a relatively new develop-
ment in temperature control techniques. These 
are temperature contro l lers actuated by a 
thermistor sensing element connected by lead 
wires to an electronic amplifier, indicating cir-
cuit (if present) and control circuit all contained 
in a separate housing or chassis. These con-
t ro l lers offer unusual advantages. They are 
highly accurate and mechanically rugged, have 
excellent stabil ity with age, utilize a small sens-
ing element require infrequent calibration and 
can be located up to 200 ft or more from the 
sensing element using standard electrical con-
ductors. This performance results from the re-
markable properties of the thermistor. 

The thermistor is a semi-conducting material 
made into t iny beads or other shapes by sinter-
ing a mixture of metallic oxides. One of the out-
standing attributes of the thermistors is that 
their electrical resistance decreases rapidly per 
degree of temperature rise. Compared with the 
sensing elements used in other types of tem-
perature controllers, i.e., resistance bulbs and 
thermocouples, thermistors produce a very 
large working "signal." Some thermistors un-
dergo a thousandfold change in resistance be-
tween 100 and 600 F, while a resistance bulb 
may change in resistance by a factor of only 2 
over the same temperature range. The output of 
the commonly used i ron-constantan thermo-
couple varies over an even smaller range of val-
ues at these temperatures. 

Since a relatively small change in tempera-
ture at the thermistor produces a large change 
in resistance, the controller has unusually good 
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sensitivity capable of producing stable control 
well within 1°F in a properly designed system. 
The sensing and control circuits are relatively 
more compact, less subject to mechanical 
shock and generally require less maintenance 
than those used wi th a thermocouple or resist-
ance bulb. 

D. Thermocouple Actuated Controllers: 
exemplified by Fenwal Series 543 and 550 rep-
resent the latest developments in solid-state 
electronics employing integrated circuits and 
relay or sol id-state thyr is tor outputs. The 
thermocouple sensor consists of two wires of 
dissimilar metals joined at one end called the 
"hot" or measuring junction, while the other 
ends become the reference junction. The refer-
ence or "cold" junction is held constant at ei-
ther 32°F (melting ice) or calibrated to an 
equivalent EMF value. The temperature or dif-
ference between the hot and reference junctions 
develops a DC mill ivoltage that is linear with 
temperature wi thin a few degrees. This signal is 
fed into a bridge balance potentiometer which 
measures the EMF output and, wi th amplif ica-
tion to a useful level, controls process tempera-
ture through the operation of a relay or solid-
state device. 

The overall thermocouple range is - 3 0 0 ° F to 
approximately 4000°F and is derived from sev-
eral base metal combinations such as iron/con-
stantan, copper/constantan, chromel/alumel and 
noble metal combinations of platinum or plati-
num/rhodium w i th rhodium in vary ing per-
centages. 

Thermocouple wires are available in com-
mercial and premium grades with wire error 
limits within 2 F. Thermocouple sensors gener-
ally have a response time about ten times better 
than a resistance temperature detector and are 
tip sensitive. 

E. The Platinum Resistance Tempera-
ture Detector (RTD): differs from a thermo-
couple in that a finely wound platinum wire 
changes its resistance directly with tempera-
ture. This eliminates the need for dissimilar 
metals and cold junction compensation. 

Mounting may be similar to that of thermo-
couples; protection from stress or corrosive en-
vironments is achieved by encapsulation and/or 
installation in thermowells. Two, three or four 
leads may be provided with connection to a 
Wheatstone bridge circuit being common. Care 
must be exercised to avoid resistance change 
from excess current or heat conducted to the 
resistance bobbin along its leads. 

3. Types of Control Action 
A. On/Off (two position) 
B. Proportioning (throttl ing) 
C. Proportioning plus Integral (automatic reset) 
D. Proportioning plus Integral plus Derivative 

(rate) 
A. On-off control: in on-off control the con-

troller permits the controlled element (heater, 
valve, etc.) to be completely ON or OFF, open or 
closed. No intermediate position is possible. As 
a result, the size of the corrective action has no 
relation to the amount of temperature deviation. 
Full heat (or other action) is supplied regardless 
of whether the temperature is 2° or 20° below 

the setpoint. The heat stays until the controller 
senses that the system temperature corre-
sponds to the setpoint (or more accurately, the 
higher limit of the controller's operating band-
width). 

The end result of two-position control is that 
the system temperature oscillates continuously 
above and below an "average" system tempera-
ture. The size or amplitude of these oscillations 
determine the system's bandwidth and they are 
governed by many design factors which have 
already been discussed. 

1. Adjustable differential: most on-off con-
trollers have a fixed operating differential, but 
in some more elaborate controllers the oper-
ating differential can be varied to suit the appli-
cation. Operating differential is the "dead zone" 
or the difference between the temperatures at 
which the controller opens and closes its con-
tacts. 

The chief advantage of increasing the oper-
ating differential is to decrease the cycl ing rate 
and thus the wear on switches, heaters and oth-
er cycled components. However, reduced cycl-
ing affects control. 

Since the system bandwidth is strongly in-
fluenced by cycl ing frequency, the operating 
differential of a controller, if adjustable, should 
be increased judiciously. The best choice is the 
one which wi l l reduce the cycling frequency of 
the equipment as much as possible, without 
producing an excessive temperature bandwidth 
in the system. 

B. Proportioning control: in proportioning 
control the controller "recognizes" the deviation 
from the setpoint and proportions the corrective 
action to the size of the deviation. The propor-
tioning action occurs when the system tempera-
ture falls wi thin a range of temperatures known 
as the proportioning band. At the approximate 
center of this band is the desired system tem-
perature. 

In true proportioning control, the controlled 
element, for example a valve, can be moved to 
any position from 0 to 10CP/o open, as required 
by the size of the deviation from the control 
point. 

The virtue of proportioning control is that the 
system temperature does not oscillate contin-
uously around the desired value, as it does in 
the case of on-off control. Since the corrective 
action is tailored to the size of the deviation to 
be corrected, the system has less opportunity to 
overshoot or undershoot. This action is particu-
larly helpful in systems w h i c h go through 
frequent work cyc les where the system is 
cooled down by the addition of cold material 
and then must be brought up to temperature 
quickly. Under these conditions, the tempera-
ture tends to overshoot in each recovery cycle 
and the throttl ing action of proportioning con-
trol is most helpful in combating this tendency. 

1. Selecting the proper proportioning band: 
ideally the proportioning band for any particular 
system should be just wide enough to accom-
modate the time lags in the system. 

The proportioning band for a given system 
can be established by operating the system at 
the desired temperature w i th the control ler 
functioning on the on-off control mode at min-

imum differential and noting the limits of over-
shoot and undershoot encountered. The propor-
tioning band should then be set to just exceed 
these temperature excursions. 

2. Droop: there is, however, an inherent limi-
tation in proportioning control. The size of the 
corrective action depends only on the size of 
the difference between the system temperature 
and the setpoint. But this corrective action can 
fit only one set of equilibrium conditions. A pro-
portioning controller cannot correct the valve 
position without a change in sensing element 
temperature. This w i l l result in the system 
being controlled at progressively lower tem-
peratures having, in effect, a "droop." 

However, by the nature of proportioning con-
trol, the droop cannot go below the lower limit of 
the proportioning band under normal operating 
conditions. Thus, a narrowing of the band wi l l 
reduce droop. Droop can be corrected by reset-
ting the setpoint above or below the original set-
ting or by rotating a manual reset adjustment (if 
provided) so that the system stabilizes at the 
desired temperature. Droop also can be cor-
rected by adding INTEGRAL ACTION or auto-
matic reset to the controller. 

In this variation (PI), the integrator adds a 
signal to the controller action so that the output 
of the controller is proportional to the time in-
tegral of the input. In other words, reset recog-
nizes the deviation between actual process tem-
perature and setpoint and supplies a signal to 
correct for this deviation. This signal moves the 
proportioning band up or down to cause agree-
ment over a period of time. By design, reset ac-
tion occurs only within the proportioning band. 
This type of operation is termed to have anti-
reset windup which prevents a large reset 
charge causing overshoots on startup. 

4. HELPFUL HINTS FOR ADJUSTING PRO-
PORTIONING CONTROLLERS 

A. Rapid cycle time provides better control 
and prolongs heater life; if relay output is used, 
relay life is shortened. 

B. Bandwidth should be adjusted so that os-
cillations just cease. Wide bandwidth provides 
stable control, but droop is larger. 

C. Automatic reset adjusted properly elimi-
nates droop. Too fast a reset rate causes un-
stable operation (system oscillates). With too 
little reset rate, system response is slow. 

D. If rate time constant is too short, over-
shoot occurs (virtually no rate). If rate time con-
stant is too long, oscillations can be caused by 
on-off action. 

E. System Startup: Adjust reset for lowest 
repeats per minute (largest reset time) and rate 
for shortest time. This is essentially proportion-
ing only control. Adjust reset in incremental 
steps so that droop is eliminated with minimum 
amount of oscillations. Adjust rate so that slight 
power line changes are nullif ied in shortest pe-
riod of time without oscillations. 
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General Operating Techniques 
1. Preventing Overshoot During Warm-Up 

In many thermal systems the temperature 
must never exceed a certain maximum, in such 
systems the possibility of overshoot, particu-
larly on initial heat-up, can be a serious prob-
lem. 

A. Anticipation: two types of controllers 
can produce the anticipation needed to prevent 
overshoot during warm-up cycles: proportion-
ing and differential expansion. Proportioning 
control is, of course, highly effective since it 
continuously reduces the heat input as the tem-
perature rises toward the setpoint. The advan-
tages and limitations of proportioning control 
have already been described. 

When the expense of a proportioning control 
is not justified, the differential expansion THER-
MOSWITCH unit wi l l produce a considerable de-
gree of anticipation. The amount of anticipation 
produced increases with increasing rate of tem-
perature change in the system. Where over-
shoot is a particular problem, various THER-
MOSWITCH units can be supplied to produce 
the desired degree of anticipation for any par-
ticular application. 

Location of the thermostat with respect to the 
heater also wil l affect the amount of anticipa-
tion. The shorter the distance between the heat-
er and thermostat, the greater the anticipation 
effects. 

B. Extra warm-up heaters—single ther-
mostat control: another approach to obtaining 
rapid warm-up without overshoot is to use two 
sets of heaters. The circuit is connected so that 
the heaters wi l l operate during the warm-up 
cycle, but when the control temperature is 
closely approached or reached, one of the heat-
ers is switched out of the circuit leaving suf-
ficient capacity to deliver the basic control 
heat Both heaters can be operated by a single 
thermostat, provided some switching mecha-
nism is inserted to reduce heat input after the 
first cycle. For example, during warm-up one of 
the heaters can be connected to a holding relay 
in series with the temperature controller. After 
the first controller cycle, the relay and its asso-
ciated heater drop out of the circuit. 

Another way to reduce warm-up heat using 
just one thermostat is to reduce the voltage 
supply after the warm-up interval. This can be 
accomplished by using a voltage selector relay 
which switches the power supply from 220 
volts to 110 volts after the first cycle. If desired, 
a variable transformer can be inserted in the 
low voltage power supply line to provide ex-
actly the proper voltage for the heat output re-
quired by the application. Relay action can also 
be applied in other ways, such as changing the 
connection of two heaters f rom parallel to 
series. 

This general technique of using high heating 
capacity for warm-up has one significant limita-
tion. The higher heating rate during the first 
cycle tends to exaggerate overshoot to some 
extent This can be reduced by installing one of 
the warm-up heaters close to the thermostat, so 
as to produce an extra amount of anticipation. 
Since this heater wil l be inoperative after the 

warm-up interval it wi l l not produce excessive 
anticipation which might interfere with control 
under normal.operating condition. 

c. Extra warm-up heaters—two thermo-
stat control: the use of two thermostats, in-
stead of one, can permit rapid warm-up without 
either producing overshoot or requiring any 
compromises in control during the normal oper-
ating cycle. The added thermostat is set to ac-
tuate at a temperature lower than the desired 
system temperature and switches off the warm-
up heaters at some selected temperature. In the 
interest of reducing warm-up time, the setpoint 
of this thermostat should be as close as pos-
sible to the control temperature without produc-
ing overshoot The warm-up thermostat and its 
heaters should be electrically independent of 
the control heaters and their thermostat. Anoth-
er alternative is to use a step-down voltage 
supply arrangement to supply the heaters, us-
ing the warm-up thermostat to switch from the 
high- to the low-voltage source through a relay. 

2. Installation and Service Tips 
One of the truisms of control is that the con-

troller can respond only to what its sensing ele-
ment "sees." Here are some important points 
which wil l insure that the sensing bulb does its 
job accurately. 

A. Proper location of sensing element: in 
an earlier section we discussed at length the ef-
fect of locating the bulb at various points be-
tween the heat source and the load. 

In large chambers and long ovens, where 
there is a continuous flow of work in and out, it 
is sometimes impossible to place the sensing 
element at a point where the temperature is rea-
sonably representative of temperatures else-
where in the system. This creates a problem 
when the temperature of the work must be 
closely controlled during the entire process. In 
such cases control can be improved by using 
several controllers, each controlling a group of 
heaters, spotted at intervals along the direction 
of travel. In this way each controller can be re-
sponsive to the temperature existing at its par-
ticular location, and no undue reliance is placed 
on the ability of any one sensing element to re-
spond to temperature changes at remote points. 
Remember that temperature gradients exist in 
every system and unless it is placed right at the 
point where the temperature must be controlled, 
the setpoint of the controller wi l l have to be off-
set to compensate for the temperature differ-
ence existing at the sensing element's location. 

a Good installation practice: 
1. Immerse the bulb completely. The sensing 

element must be completely immersed in the 
controlled medium, whether gas, liquid or solid, 
in order to give accurate response. If it is only 
partly immersed, the temperature reported to 
the controller may not be the actual temperature 
in the system, but an average of system tem-
perature and the temperature around the ex-
posed surface of the element It should be in-
sulated from brackets, bushings, etc., which are 
not at the same temperature as the bulb or 
which can conduct heat away to cooler parts of 
the structure. Otherwise it wi l l be cooled and 
sense a lower temperature than the one actually 
existing. 

2. Help the sensing element to "see." Any 
condition which tends to insulate the sensing 
element wil l slow down its response and in-
troduce control inaccuracies, regardless of how 
good the controller is. When installed in an 
oven, the element must be installed where it is 
exposed to moving air and should not be buried 
in brick work, oven walls or shielded by some 
structure which wi l l prevent its full length from 
being exposed. It should be placed so that it 
cannot be covered by accumulations of dir t 
scale, sludges or any other materials that wil l 
insulate it from the process. Where such as ac-
cumulation does occur, clean the sensing ele-
ment as often as necessary. 

When the sensing element is imbedded in a 
solid, such as a platen, bearing, etc., there 
should be minimum clearance between it and 
the solid. Any air space wi l l act as an insulator. 
The element should contact as much of the sur-
face as possible. Thus, it should be cylindrical 
over its entire length, rather than tapered, to 
permit complete contact with the sides of the 
socket A special heat transfer compound can 
also be used to fi l l in voids and irregularities in 
the hole. 

In liquids and gases, good heat transfer be-
tween the sensing element and the medium can 
be obtained only if the fluid is moving fast. For 
that reason, the element should be placed in an 
active moving stream which is part of the gen-
eral circulation of the system. In addition, with-
out good circulation, there wil l be hot and cold 
spots in the system as well as a large sensing 
lag. 

Do not locate the sensing element close to or 
parallel with walls and ducts that may be con-
siderably hotter or cooler than the gases or liq-
uids f lowing past i t Watch out for radiation 
from hot surfaces or from the heat source im-
pinging directly on it. This type of radiation can 
make the element considerably hotter than the 
actual temperature around it and cause what 
appears to be an offset in calibration. If it is not 
possible to avoid radiation by relocation, install 
a shield to intercept the radiation before it can 
heat the element. 

3. Physical protection: install the sensing 
element where it cannot be knocked or jolted by 
moving parts of the system, doors, trays, etc. To 
protect it against corrosion and chemical at-
tack, use stainless steel sensing elements and 
capillaries or install it in a thermal well of a 
corrosion-resistant metal. 

Besides protecting the sensing element ther-
mal wells are a great convenience wherever it 
must be inserted through a tank wall, since it 
can be removed for replacement or adjustment 
without draining the tank. To insure good heat 
transfer, make certain it f its snugly in the well. 
Where the clearance is excessive, f i l l the air 
gap with a conducting material, such as graph-
ite metal l ic f i l ings or powder. Occasionally, 
open wells, which are simply open-end pipes, 
are used to protect capillaries from vapors and 
other undesirable materials which lie on the 
surface of a bath. The top of the well should be 
high enough above the liquid to keep the ca-
pillary out of range of the vapors. 
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FENWAL 
THERMOSWITCH® 
TEMPERATURE 
CONTROLLERS 
These Fenwal THERMOSWITCH Units are strut-and-tube type 
thermostats comprised of two basic parts (1) the outer s h e l l -
made of high expanding metal and (2) the strut assembly—made 
of low expanding metal. 

A pair of electrical contacts is mounted on the strut assembly and 
installed in the shell under tension or compression. Because each 
end of the strut assembly is mechanically connected to the ends 
of the shell, a net change in force is produced on the low-ex-
pansion strut assembly as the high-expanding shell expands or 
contracts with changing temperature. The temperature at which 
the contacts make or break can be regulated by a temperature 
adjusting sleeve. 

FENWAL INCORPORATED 
Ashland, Mass. 01721 617/881-2000 ULTIMHEAT ® 

VIRTUAL MUSEUM 

Typical Applications 
Hydraulic Laminating Presses 
Label Adhesive Applicators 
Deep Fat Cookers 
Respirators 
Vending Machines 
Milk Pasteurizers 

Typesetting Machines 
Livestock Watering Fountains 
Textile Platens 
Paint Drying Equipment 
Hot Stamp Printers 
Tropical Fish Tanks 

> 

» i 

Series 17000 Cartr idge 

This unit may be inserted in a % " reamed 
hole. If reamed hole is used, a short spline 
should be added to receive locating pin on 
thermostat—this prevents thermostat from 
turning when the temperature adjust ing 
sleeve is turned. 

Series 17100 Hex Head 

Has all the internal features of the Cartridge 
Type above with the addition of a standard 
pipe thread for mounting purposes. A dial, 
knob and armored cable over lead wires can 
be supplied with this model. 

Series 17200 Block Head 

V 
It has the same mounting characteristics as 
the Cartridge Type unit Dut is designed so 
additional components such as a dial, knob, 
armored cable over lead wires, packing 
glands over lead wires, and tamper-proof 
cap over temperature adjusting sleeve may 
be included. 

Series 17300 Flange Head 

Has all the features of the Block Head Type 
except a mounting flange has been provided 
for easy mounting. 

"UL Component recognized units 
not rated for DC operation. 

r 8-10 I 

t*" 

-3.7181 062 

.375 TO .625 
AT ROOM TEMP. 

CATALOG 
NUMBER 

TEMP. 
RANGE* 

CONTACT OPERATION 
ON TEMP. RISE 

SHELL AND 
HEAD MATERIAL 

CURRENT RATINGS 
(MAX. RESISTIVE) 

17000-0 
- 1 0 0 ° to 

400" F 

OPENS 
ALL 

BRASS 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC' 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17021-0 

- 1 0 0 ° to 

400" F 
CLOSES 

ALL 
BRASS 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC' 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17002-0 - 1 0 0 ° to 

600 F 

OPENS 
321 

a s . SHELL 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC' 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17023-0 

- 1 0 0 ° to 

600 F 
CLOSES 

321 
a s . SHELL 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC' 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

y 2 1 4 N.P.T. 

p.618 

r~ 2.968x 0 3 1 -

4.281- 062 

.375 TO .625 
AT ROOM TEMP. 

17100-0 - 1 0 0 ° to 

400° F 

OPENS 
ALL 

BRASS 

AC 
10amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17121-0 

- 1 0 0 ° to 

400° F 

CLOSES 

ALL 
BRASS 

AC 
10amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17102-0 
- 1 0 0 ° to 

600° F 

OPENS 321 
S.S. SHELL 

BRASS HEAD 

AC 
10amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 17123-0 

- 1 0 0 ° to 

600° F 

CLOSES 

321 
S.S. SHELL 

BRASS HEAD 

AC 
10amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

.375 TO .625 
AT ROOM TEMP 

17200-0 - 1 0 0 ° to 

400 °F 

OPENS ALL 
BRASS 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17221-0 

- 1 0 0 ° to 

400 °F 

CLOSES 

ALL 
BRASS 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

17202-0 - 1 0 0 ° to 

600"F 

OPENS 321 
S S SHELL 

BRASS HEAD 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 17223-0 

- 1 0 0 ° to 

600"F 
CLOSES 

321 
S S SHELL 

BRASS HEAD 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps@ 
120 volts 

r 3.593: 031 1 r g 
fe — 1 002 003 r 4.281- 062 1 
1 750 DIA - i .375 TO .625 

AT ROOM TEMP. 

17300-0 
- 1 0 0 ° to 

400 °F 
% @ 

OPENS 
ALL 

BRASS 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps® 
120 volts 

17321-0 

- 1 0 0 ° to 

400 °F 
% @ 

CLOSES 

ALL 
BRASS 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps® 
120 volts 

17302-0 - 1 0 0 ° to 

600°F 

OPENS 321 
a a SHELL 

BRASS HEAD 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps® 
120 volts 17323-0 

- 1 0 0 ° to 

600°F 
CLOSES 

321 
a a SHELL 

BRASS HEAD 

AC 
10 amps@ 

120 volts 
5 amps@ 

240 volts 
DC 

2 amps@ 
28 volts 

2 amps® 
120 volts 

*Factory Temperature Setting Tolerance (ModM3): R E G U L A R T E N S I O N (Indicated byTolerances: Decimal Dimensions ±.015 Unless otherwise specified 

s s r s s s » f:crzed uT: :he c°mrmt/roaram • 
(Indicated by 4th and 5th digits of Catalog Number, i.e. 21 or 23)-± 5° or 3% of Setting <&> Underwriters Laboratories Listed 
Value (whichever is greater). ($P Certified by Canadian Standards Association 
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FENWAL F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 6 1 7 / 8 8 1 -2000 

THERMOSWITCH® TEMPERATURE CONTROLSi 

i l l 
ULTIMHEAT0 

VIRTUAL MUSEUM 

Series 17800 
Junct ion Box 
Immersion 

Has electric conduit junction box con-
taining terminal block, temperature ad-
justing dial and knob. Extended hex-
agonal section with standard pipe 
thread permits easy mounting into 
properly tapped hole or boss, immers-
ing shell into fluid medium to be con-
trolled. Dial and knob can be provided 
outside of box. 

Te; 
# 

/ 
875 HEX 

'UL listed units not rated for DC operation. 

CATALOG 
NUMBER 

TÉMPT"1 

RANGE* 
CONTACT OPERATION 

ON TEMP. RISE 
SHELL 

AND 
HEAD 

MATERIAL 

CURRENT 
RATINGS 

(MAX. 
RESISTIVE) 

17800-0 
-100° to 

400° F 
® @ 

Opens All 
Brass 

AC 
10 Amps@ 

120 Volts 
5 Amps® 

240 Volts 
DC' 

2 Amps® 
28 Volts 

2 Amps@ 
120 Volts 

17821-0 

-100° to 
400° F 
® @ 

Closes 

All 
Brass 

AC 
10 Amps@ 

120 Volts 
5 Amps® 

240 Volts 
DC' 

2 Amps® 
28 Volts 

2 Amps@ 
120 Volts 

17802-0 

17823-0 
-100° to 

600 F 
Opens 321 

S.S. Shell 
Brass 
Head 

AC 
10 Amps@ 

120 Volts 
5 Amps® 

240 Volts 
DC' 

2 Amps® 
28 Volts 

2 Amps@ 
120 Volts 

17802-0 

17823-0 
-100° to 

600 F Closes 

321 
S.S. Shell 

Brass 
Head 

AC 
10 Amps@ 

120 Volts 
5 Amps® 

240 Volts 
DC' 

2 Amps® 
28 Volts 

2 Amps@ 
120 Volts 

Series 18000 
Coupling 
Head 

The Coupling Head unit has a hex-
agonal mounting section with standard 
male pipe threads at each end, either 
of which may be used for mounting. 
This unit may be directly attached to 
electrical conduits or explosion-proof 
fittings. 

6-8 ( 

1 m 
2.968 031 - j -

4.656^-062 -
AT ROOM 

TEMP. 

UL Component recognized units not rated for DC operat 

C A T A L O G 
N U M B E R 

T E M P . 
R A N G E * 

C O N T A C T O P E R A T I O N 
O N T E M P . R I S E 

" SHÉLL 
A N D 

H E A D 
M A T E R I A L 

CTRRENT-
R A T I N G S 

( M A X 
R E S I S T I V E ) 

18000-0 -100 to 
400° F 

Opens All A C 
10 Amps@ 

120 Volts 
5 Amps@ 18021-0 

-100 to 
400° F 

Closes 
Brass 

A C 
10 Amps@ 

120 Volts 
5 Amps@ 

18002-0 -100° to 
600 F 

Opens 321 
240 Volts 
DC ' 

2 Amps® 
28 Volts 

2 Amps@ 
120 Volts 

18023-0 

-100° to 
600 F 

Closes S.S. Shell 
Brass 
Head 

240 Volts 
DC ' 

2 Amps® 
28 Volts 

2 Amps@ 
120 Volts 

Series 
370000 

MOISTURE RESISTANT UNITS 

Cartridge style moisture resistant 
Thermoswitch® controller in ranges up 
to 400°F. For applications where 
fumes and acids are present or where 
equipment must be washed down. 

Series 
371000 

Hex head style of above. 

CATALOG 
NUMBER 

TEMP. 
RANGE* 

CONTACT OPERATION 
ON TEMP. RISE 

SHELL ' 
AND 

HEAD 
CURRENT 
RATINGS 

370000-
000 

S
u. 

ff 
2 

Opens 321 
S. S. Shell 

10A @ 
120 VAC, 

5A @ 
240 VAC 

CATALOG 
NUMBER 

TEMP. 
RANGE** 

CONTACT OPERATION 
ON TEMP. RISE 

SHELL 
AND 

HEAD 
CURRENT 
RATINGS 

371000-
000 

-40° to 
400° F 

Opens 321 
S.S. Shell 

10A @ 
120 VAC 

5A @ 
240 VAC 

Series 
17500 
All Purpose 

M 
î\ 

d ^ H Q q t CORROSION RESISTANT UNITS 

Complete with extended 
shell, dial and knob and 
plug connector. Provided 
with moisture-proof ar-
mored cable and "O" ring 
seal around temperature 
adjusting sleeve. 

CATALOG 
NUMBER 

TEMP. 
RANGE" 

CONTACT OPERATION 
ON TEMP. RISE 

SHELL 
AND 

HEAD 
MATERIAL 

CURRENT 
RATINGS 

17502-0 
100 to 

600 F. 

Opens 

SHELL 
AND 

HEAD 
MATERIAL "AC 

10A @ 
120 VAC 

5A @ 
240 VAC 

DC 
2A @ 

28 VDC 
2A@ 

120 VDC 

17502-0 
100 to 

600 F. 

Opens 321 S.S. 
Shell 

Blockhead 
and Cable 
Assembly 

"AC 
10A @ 

120 VAC 
5A @ 

240 VAC 
DC 

2A @ 
28 VDC 

2A@ 
120 VDC 

17503-0 

100 to 
600 F. 

Closes 

321 S.S. 
Shell 

Blockhead 
and Cable 
Assembly 

"AC 
10A @ 

120 VAC 
5A @ 

240 VAC 
DC 

2A @ 
28 VDC 

2A@ 
120 VDC 

CATALOG 
NUMBER 

TEMP. 
RANGE* 

CONTACT OPERATION 
ON TEMP. RISE 

SHELL 
AND 

HEAD 
MATERIA! 

CURRENT 
RATINGS 

18002-21 100 to 

600 F 

Opens 

SHELL 
AND 

HEAD 
MATERIA! AC 

10A@ 
120 VAC 

5A@ 
240 VAC 

DC 
2A@ 

28 VDC 
2A @ 

120 VDC 

18002-21 100 to 

600 F 

Opens All 
316 S.S. 

AC 
10A@ 

120 VAC 
5A@ 

240 VAC 
DC 

2A@ 
28 VDC 

2A @ 
120 VDC 

18023-7 

100 to 

600 F Closes 
All 

316 S.S. 

AC 
10A@ 

120 VAC 
5A@ 

240 VAC 
DC 

2A@ 
28 VDC 

2A @ 
120 VDC 

Series 
18000 
Coupling Head 

1 " HEX 
625D|A_ I/2.14N.P.T. 
.618 

i ncA —j 

"IdL 
T j 

6-8 
w' 

Unit has a hexagonal melting section with stan-
dard male pipe threads at each end, either of which 
may be used for mounting. Type316 stainless steel 
is used throughout for resistance against corro-
sion. May be directly attached to electrical con-
duits or other fittings. 

T -3.343±.03i H 

5.031J.O62 

-Hi 
- 0 TO .250 

AT ROOM 
TEMP. 

.840 010 DIA 
RETAINING RING 

PROTECTIVE WELLS 

5.640 062 
WORKING PRESSURE: 2000 PSI AT 700F 

3000 PSI AT 6OOF 

Catalog No. 11204-7 
High Pressure Coupling Head Well 
(316 Stainless Steel Well and Head) 

Applicable Modifications 
1 Special Marking 

RETAINING RING 

Catalog No. 11204-0 
Coupling Head Wei! 
(321 Stainless Steel Well and Head) 

Applicable Modifications 
1 Special Marking 

WORKING PRESSURE: 100 PSI AT 250F 
60 PSI AT 600F 

*Factory temperature setting tolerance: Regular Tension—±5°F from -100° to 100 F. ±3°F or 2% of setting value (whichever is greater) from 100 to 400 F 
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FENWAL F E N W A L I N C O R P O R A T E D 

A s h l a n d , M a s s . 0 1 7 2 1 6 1 7 / 8 8 1 - 2 0 0 0 

MODIFICATIONS FOR THERMOSWITCH® TEMPERATURE CONTROLS 

f r f ^ Î ? 
ULTIMHEAT® 

VIRTUAL MUSEUM 

MODIFICATIONS WHICH CANNOT BE COMBINED 

T h a i nidification a r t a f f l i cab lo to Itie THERMOSWITCH Units shown o i pagos 10 mi 1 1 . 

Nolo the chart on tho right for modifications which cannot bo combined. 

LU SPECIAL MARKING 

Special marking may be made by rubber or metal 
stamping at points A, B and C. Metal stamping at 
point A requires the switch or switches to be 
made in separate lots. Amount of marking limited 
by space at point B. V u " sharp face Gothic letter 
used for marking. 

I * - I E X T E N D E D LEAD WIRES 

Lead wires may be extended to any length. Wire 
lengths are specified as portion of lead wire out-
side of THERMOSWITCH Unit such as indicated 
at dimension " L " Special lead wire stripping 
may be had by specifying length shown at di-
mension "X." 

LU FACTORY T E M P E R A T U R E SETTING 

Any unit may be factory preset at any temperature 
within its listed range as indicated on page 11 and 
page 12. Unless this Modification is specified on 
order, unit will be shipped set at approx. 74°F. 
Modification 4 or 27 is recommended when order-
ing a factory set unit to preclude possible shift in 
set point due to mis-handling. 

LU T E M P E R A T U R E LOCKING DEVICE 

After a THERMOSWITCH Unit has been calibrat-
ed, it is advisable to lock the temperature adjust-
ment sleeve to prevent unauthorized tampering 
with the setting. The locking device is also desir-
able if the unit is to be subjected to extreme vi-
bration in service. 

L5J TAMPER-PROOF CAP 

A tamper-proof cap can be furnished to prevent 
tampering with a THERMOSWITCH Unit equipped 
with Modification 4 above. 

. [ j j DIAL AND KNOB 

6A A large dial and knob (as diagrammed) may 
be added to applicable THERMOSWITCH Units. 
Graduations on dial are marked from " 1 " to "7" 
for adjustment to higher or lower temperature. 
Units may be ordered unset or factory preset 
Pointer or knob wi l l be set on No. 4 dial position 
unless otherwise specified. 

6B Same as 6A above except small dial and knob 
(as diagrammed). 

Mods 6A and 6B applicable to and units also. 

L U MOISTURE RESISTANT SEAL 

8A Under certain operating conditions where 
there is excessive moisture or vapor, a Moisture 
Resistant Seal may be added to protect the interi-
or of the THERMOSWITCH Control from seepage. 
(Modif ication 13 should be ordered in con-
junction with this modification.1) 

8B Same as 8A above except seal is four hole 
type so dial and knob may be usee). (Modification 
13 should be ordered" in conjunction with this 
modification.) 

p m 
Extreme temperature exposure 

Units employing regular tension contacts that open on temperature rise: 
-100°F Indefinitely and 100°F above Set Point for intervals not exceeding 
one hour 

Units employing inverse compression contacts that close on temperature rise: 
-100°F indefinitely and 100° above high end of temperature range for inter-
vals not exceeding one hour. 

MOD 4 5 6 8 10 14 
4 • • • 
5 • • • 
6 • • • 
8 • 

10 • • • • 
14 • • 

Temperature offsets due to pressure 
(approx. only) 

Pressure psi Setpoint Offset 
100 +3°F 
200 +6°F 
300 +9°F 
400 + 12°F 
500 + 15°F 

Collapsing pressure (brass shell) 1400 psi 
Collapsing pressure (S.S. shell) 3500 osi 

10 MOISTURE RESISTANT 
TAMPER-PROOF CAP 

To seal the THERMOSWITCH Unit against mois-
ture and tampering, a Moisture Resistant Tam-
per-Proof Cap may be mounted over temperature 
adjusting sleeve. It may be used with unset or 
factory pre-set units. 

11 ARMORED CABLE OVER LEAD WIRES 

When additional protection over lead wires is re-
quired, an Armored Cable can be added. (Cable 
is not moisture resistant) Lead wires wil l be 6 " 
longer than cable if cable is extended over 12", 
unless otherwise specified. (Dimension "L" in 
photo indicates cable length.) 

27/a L12J CONNECTOR 

A Terminal Plug Connector may be added to the 
end of the wires. Connector may be ordered with 
or without armored cable (Modification 11) as 
shown in photo. 

13 PACKING GLAND ON LEAD WIRES 

In Installations where moisture may enter THER-
MOSWITCH Unit around lead wires, a Packing 
Gland is recommended around lead wires. (Modi-
fication 8 should be used in conjunction with this 
modification.) 

PACKING GLAND 

14 E X T E N D E D T E M P E R A T U R E 
A D J U S T I N G S L E E V E 

Under certain conditions, it is desirable to extend 
the adjustment sleeve. Extensions should be or-
dered in multiples of one inch. When ordering, 
the length specified is the "extended by" length. 
For example: If the standard adjusting sleeve 
length for the unit ordered is % " to % " (as dia-
grammed) and a 4 " extension is ordered, the 
overall length wil l be 4 % " to 45/»". 

16 DIAL AND KNOB OUTSIDE COVER 

16A A dial and knob may be added to outside of 
junction box on Series 17700 and 17800 units. 
Refer to Modification 6A for further nomencla-
ture. 

16B A dial and knob may be added to outside of 
junction box on U.L. Listed Series 47700 and 
47800 units. 

27' T A M P E R RESISTANT UNIT 

A D J U S T I N G SCREW Glyptal (Fenwal part #MS1001) is applied to ad-
justing screw to provide a tamper resistant uni t 
Units using this modification are limited to 300°F 
max. temperature setting. 

13 



F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 6 1 7 / 8 8 1 - 2 0 0 0 FENWAL 

Surface Mounting and 
Miniature THERMOSWITCH®Controllers 

ULTIMHEAT ® 
VIRTUAL MUSEUM 

r - 0 7 8 DIA HOLES 

The Fenwal Series 30000 surface mounting THER-
MOSWITCH controllers operate on the principle of 
the differential expansion of metals. In this series, 
the outer shell or case is the activating element. A 
temperature change is sensed immediately by the 
case, expanding or contracting in response. This 
linear change activates an internal bridge, opening 
the electrical contacts with increase in temperature. 

TYPICAL APPLICATIONS 
Appliances, vending machines, platens, plastic 
laminating presses, dental equipment, popcorn 
machines, milk pasteurizers, swimming pool heat-
ers, copy machines, overheat limit protection. 

Fenwal Miniature THERMOSWITCH units operate 
on a unique differential expansion principle. They 
need not be heated through before responding to 
temperature change. Rather, the outer case itself is 
the activating element. This results in (1) short heat 
transfer path (2) built-in temperature anticipation 
(3) inherent thermostat sensitivity of less than 1°F. 

TYPICAL APPLICATIONS 
Respi ra tors Typeset t ing Mach ines 
Label Adhes ive Hot S t a m p Pr inters 
App l i ca to rs Text i le Platens 

Vend ing Mach ines 

"C" MOUNTING CLAMP 
FOR THERMOSWITCH 

4 4 0 MAX HEIGHT 
SET AT ROOM 
TEMP 

M O U N T I N G ^ LIP 

Type CATALOG 
NUMBER 

DESCRIPTION TEMP 
RANGE* 

CONTACT OPERATION 
ON TEMP. RISE 

MATERIAL 
Current Rating 
(Max. Resistive) 

Series 30000 
SURFACE 
MOUNTING 

30000-0 Adjustable, low 
temp, type 

50°-300°F 

OPENS 

S.S. Case and cover 
Aluminum bronze 
adjusting screw. 
Aluminum mount-
ing clamps. 

10A, 120VAC 
5A, 240VAC 

Series 30000 
SURFACE 
MOUNTING 

30000-48 
Adjustable, low 
temp, type 85°-250°F OPENS 

S.S. Case and cover 
Aluminum bronze 
adjusting screw. 
Aluminum mount-
ing clamps. 

10A, 120VAC 
5A, 240VAC 

Series 30000 
SURFACE 
MOUNTING 

30002-0 
Adjustable, high 
temp, type 

50°-600°F 

OPENS 

S.S. Case and cover 
Aluminum bronze 
adjusting screw. 
Aluminum mount-
ing clamps. 

10A, 120VAC 
5A, 240VAC 

Series 32400 
MINIATURE 

32410-2 
Rectangular, hermetically sealed 
with regular contact action 

- 2 0 ° to 200°F OPENS 
& & case, 
copper flashed 

2.5 A, 120 VAC 
2.0A, 28 VDC 

Series 32400 
MINIATURE 

32411-2 
Same as above with inverse 
contact action. - 2 0 ° to 200°F** CLOSES 

& & case, 
copper flashed 

2.5 A, 120 VAC 
2.0A, 28 VDC 

"Factory T e m p e r a t u r e Set t ing Tolerance: ± 5 ° or 3 % of Sett ing Value ( w h i c h e v e r is greater ) . 
" U p to *75°F w h e n used as l imi t . 
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FENWAL FENWAL INCORPORATED 
Ashland, Mass. 01721 617/881-2000 

MODIFICATIONS FOR SURFACE MOUNTING and MINIATURE CONTROLLERS 
For Series 3 0 0 0 0 

51 

•A" 

ADJUSTING SCREW LENGTHS 
The Temperature Adjusting Screw may be ordered in dif-
ferent lengths so that dimension " A " is as follows: 

1-3/64 1-1/4 1-3/4 1-7/8 2-3/8 2-11/16 
Unless this modification is specified units wi l l be shipped 
with dimension " A " 1 - 1 / 2 " long. Minimum length of " A " is 
1-3/64 . 

When ordering: Specify Cat. No. and Modification 51 with 
desired length. Typical order would read "Cat. No. 30000-0 
with Mod. 51, dimension " A " 1 - 7 / 8 " long. 

6 2 

AA 0 3 6 

' 3 2 

y !•*5/e * o 
tel 

0 ( 2 ) ) 

= 0 1 

m a o i 

SPECIAL CROSS MOUNTING 
BRACKET 
A cross mounting bracket may be added to any Series 
3000 Surface Mounting unit as shown on diagram. 

62A 
a f i L A Â ; 

j I 5 / J 2 A P P R O X 

Same as No. 62 above except bracket is inverted. See 
mounting dimensions on diagram. 

52 TEMPERATURE SETTING 
Any unit may be factory preset at any temperature within 
its listed range with a setting tolerance of ± 5 F or 3% of 
setting value, whichever is greater. 
Special locking screw is furnished with this modification. 
(See Mod. 55.) 

When Ordering: Specify Modification 52 temperature set at 
- ° F . 

For Series 3 2 4 0 0 

55 

FACTORY TEMPERATURE SETTING 
Series 32400 units may be factory preset at any tempera-
ture within its listed range. Unless this Modification is 
specified on order, unit wi l l be shipped set at room tem-
perature (approx. 75 F.) 

LOCKING SCREW 
If units are to be temperature set by customer, a special 
locking screw is provided with unit. Torque spring is not 
shipped with this unit. 

89 

A 
55A 

l . T 
,.4 28 

" t 

- 8 2 2 — » 

LOCKING SCREW AND TORQUE SPRING 
If units are to be temperature set by customer, but sti l l re-
main adjustable, a locking screw and torque spring are 
provided with unit. 

i .-106 
.312 

r = 

TEFLON INSULATED 20 
SILVER PLATED 
COPPER WIRE . 0 6 2 0 0 

T 
. 5 9 3 

_JL 

PROTECTIVE CAP & 
LEAD WIRES 
A silicone rubber overmold protec-
tive cap for terminal protection may 
be added to Series 324XX-0 rec-
tangular Miniature units. One foot of 
attached lead wires is also supplied 
w i th th is Modi f icat ion. For longer 
lengths, specify desired length on 
sales order. 
If mounting attachment is required, 
order by Catalog No. 32410-0 or 
3 2 4 1 1 - 0 . M o u n t i n g tabs are in -
dicated by dotted line on drawing. 
For factory set and sealed units only. 

57 

4 . - I I » 
SLOTTED TEMPERATURE ADJUST-
ING SCREW 
SCREW 
For ease of adjustment, using screw-
driver, a slot is furnished on top of 
adjusting screw. 

MOUNTING BRACKET 
A cross mounting bracket as shown 
may be added to Series 324XX rec-
tangular Miniature units (Mod. 89 
above cannot be used in conjunction 
with this Modification.) 
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F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 6 1 7 / 8 8 1 - 2 0 0 0 FENWAL 

DETECT-A-FI R E®Detection & Release Devices 

ULTIMHEAT ® 
VIRTUAL MUSEUM 

DETECT-A-F IRE uni ts are the "hear t of m a n y Fire P ro -
tec t ion Systems. These h igh ly re l iab le dev ices have been 
a s t a n d a r d of the indus t ry fo r over 25 years. Many t h o u -
sands of these uni ts are now in use con t ro l l i ng the re-
lease of ex t ingu ish ing agen ts such as Halon 1301, C O 2 , 
water , or d ry chemica ls . In s o m e sys tems the dev ice is 
used as an A L A R M device, to sense overhea t or f ire, and 
alert personnel . In o ther sys tems, it is used as a RE-
LEASE device, to sense f i re and ac tua te f i re at tack sys-
tems. 

The secret of the uni t 's sensi t iv i ty is in the des ign (F igure 
1). The outer shel l is m a d e of a rap id ly e x p a n d i n g a l loy 

w h i c h c losely fo l lows c h a n g e s in s u r r o u n d i n g air t em-
perature. The inner s t ru ts a re m a d e of a lower e x p a n d i n g 
alloy. Des igned to resist t h e r m a l e n e r g y a b s o r p t i o n and 
sealed ins ide the shell, the s t ru ts fo l low t e m p e r a t u r e 
c h a n g e s m o r e slowly. 

A slow rate f i re (F igure 2) wi l l heat the shel l a n d s t ru ts to -
gether . At the "set po in t " the uni t wi l l t r igger , ac tua t ing 
the a la rm or re leas ing the ex t ingu ishant . 

But, let a fast ra te f i re (F igure 3) start and the shel l wi l l 
e x p a n d rapid ly . The s t ru ts wi l l c lose, ac tua t ing the a la rm 
or re leas ing the agent. The faster the f i re rate of g rowth , 
the sooner the a larm. 

• S H E L L — H I G H E X P A N S I O N 
C O N T A C T S ( O P E N ) • 

S T R U T S — L O W E X P A N S I O N 
C O N T A C T S ( C L O S E D ) C O N T A C T S ( C L O S E D ) 

FIG. 1 R E A D Y F IG. 2 S L O W F I R E 

A L A R M 
A T 1 4 0 ° F 

( S U R R O U N D I N G 
A I R T E M P ) 

A L A R M 
A T 1 3 5 ° F 

( S U R R O U N D I N G 
A I R T E M P ) 

FIG. 3 F A S T F I R E 

TYPE Catalog 
Number 

Temperature Ratings (Suggested 
setting a minimum of 100°F. 
above ambient) Color Coding 
and Agency Spacing 

Contact 
Arrangement 

Contact 
Operation 

On Temp. Rise 
Material 

Current Rating 
(Max. Resistive) 

Horizontal 
Flush Mounting 
Units for 
Concealed 
Wiring 

27020-0 

°F Color Spacings (in f t ) 
Setting Coding 

27021-0 

140 No Color 50 25 50 
160 No Color 25 25 25 
190 White 50 25 50 
225 White 50 25 50 
275 Blue 50 25 50 
325 Red 50 25 50 

Normally 

Closed 
Opens 

Normally 

Open 
Closes 

S.S. shell sensing 
element. Cold 
rolled steel 
mounting facility. 
Gray metal primer 
finish over dull 
nickel plate 

5A, 125 VAC 

0.5A125 VDC 

5A @ 125 VAC 
0.5A @ 125 VDC 
2.0A @ 24 VDC 
1.0A @ 48 VDC 

Horizontal 
Surface 
Mounting Units 
For Exposed 
Wiring 

27020-1 

21-
27021-1 

140 No Color 50 
160 No Color 25 
190 White 50 
225 White 50 
275 Blue 50 
325 Red 50 

25 
25 
25 
25 
25 
25 

Normally 

Closed 
Opens 

5A @ 125 VAC 

0.5A @ 125 VDC 

Same As Above 

Normally 

Open 
Closes 

5A @ 125 VAC, 0.5A 
@ 125 VDC, 2.0A @ 

125 VDC, 
1.0A @ 48 VDC 

27120-0 

27120-22 

27121-0 

27121-20 

140 Yellow 50 25 50 
160 Yellow 25 25 25 
190 White 50 25 50 
210 White 50 25 50 
225 White 50 25 50 
275 Blue 50 25 50 
325 Red 50 25 50 
360 Red 50 25 50 
450 Green 50 25 50 
500 Orange 50 25 50 
600 Orange 50 25 50 
725 Orange 50 25 50 

Normally 

Closed 

Opens 

(500°F max.) 

5A, @ 125 VAC 

0.5A ® 125 VDC 

Normally 

Open 

S.S. shell sensing 
element. Brass hex 
head mounting 
facility. - 2 2 and 
- 2 0 units are 
Type 300 S.S., 
heliarc welded 

Closes 

5A@ 125 VAC 
0.5A @ 125 VDC 
2.0A @ 24 VDC 
2.0A @ 24 VDC 
1.0A @ 48 VDC 

Vertical 
Units 
For 
Concealed 
Wiring 
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FENWAL F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 6 1 7 / 8 8 1 - 2 0 0 0 

ULTIMHEAT 
VIRTUAL MUSEUM 

PRECISION SNAP DISC THERMOSTATS 

* * 9 * * * • 

& M 

fil * 

FEATURES 

• SNAP ACTION SWITCHING 

• TAMPER-PROOF PRESET TEMPERATURE 

• CALIBRATED SETTINGS FROM - 2 0 to 550°F 

• AUTOMATIC RESET 

• SURFACE MOUNTING OR PROBE TYPE 

• ALKYD OR CERAMIC BASES 

• VARIABLES MOUNTING & TERMINALS 

SURFACE MOUNTING TYPES 

A positive-acting bimetal snap disc serves as the actuat-
ing element in these rugged, precision thermostats. As 
temperature reaches the tamper-proof predetermined set 
point the disc snaps to provide rapid, positive contact ac-
tion without radio frequency interference. 
Designed to meet UL and CSA exacting requirements, these 
thermostats are individually calibrated and tested to meet 
both thermal and electrical characteristics. The single con-
tact switch arm assembly minimizes failures due to contact 
contamination, while the fine silver contacts assure long 
life and excellent current carrying capacities. Insensitivity 
to vibration and harsh environments are additional fea-
tures. 

Many terminations and mounting assemblies are available 
on all models to permit great flexibility in installation. For 
additional configurations, consult Fenwal. 

PRORE TYPES 

These probe type thermostats are designed specifically for 
applications where hermeticity and vibration resistance are 
required. A snap-acting bimetal disc, mounted in the tip of 
the probe provides fast thermal response and rapid, posi-
tive contact action when the preset temperature is reached. 

Two basic types are available: The Series 08-80 is for high 
temperature applications to 550°F, while the Series 08-81, 
which features the same rugged construction is ideal 
for lower temperature ranges up to 350°F. 
TEST SAMPLES 

Operating samples generally can be supplied for appli-
cation tests. A completed Fenwal Snap Disc Application 
Data Form is required to select and produce an operating 
sample. 
Application Data Forms are available from Fenwal or your 
local Fenwal sales representative. 

SPECIFICATIONS 

o 
z 

I -
z 

Model No. Temp. Range Tolerance Differential Elect Rating Ambient Range 
o 
z 

I -
z 

08-01 - 1 0 to 200°F 
200 to 275° F 
275 to 350°F 

Close±5°F, Open±7°F 
Close±7 F, Open±8°F 
Close±8°F, Open±10°F 

20' F nominal 
20°F nominal 
30 F nominal 

7A@ 120VAC or 30VDC 
7A @ 240VAC 
240VA, pilot duty 

- 6 5 to 350°F 

^ LU 
^ Q 

08-02 - 1 0 to 200°F 
200 to 275° F 
275 to 350=F 

Open±5F, Close±7 = F 
Open±6F, Close±8°F 
Open±7DF, Close±10°F 

20 F nominal 
25°F nominal 
30°F nominal 

12A @ 120VAC or 30VDC 
10A @ 240VAC 
240VA, pilot duty 

- 6 5 to 350°F 

L L j > 

O 1 -

< 

L i -
er 
=> 

08-03 - 1 0 to 200J F 
200 to 275°F 
275 to 350° F 
350 to 400 F 
400 to 450° F 
450 to 500°F 
500 to 550°F 

Open±5°F, Close±7°F 
Open±6"F, Close±8°F 
Open±7°F, Close±10 F 
Open±10 F, Close+15 F 
Open±15 F, Close±20 F 
Open±20 F, Close±25°F 
Open±25F, Close±30°F 

20°F nominal 
25°F nominal 
30°F nominal 
40 F nominal 
60 F nominal 
80°F nominal 
100°F nominal 

5A @ 120VAC or 30VDC 
5A @ 240VAC 
240VA. pilot duty 

- 6 5 to 600°F 

L L j > 

O 1 -

< 

L i -
er 
=> 

08-04 - 1 0 to 200: F 
200 to 275 F 
275 to 350°F 

Open±5°F, Close±7"F 
Open±6"F, Close±8°F 
Open±7°F, Close±10°F 

20°F nominal 
25°F nominai 
30 F nominal 

12A @ 120VAC or 30VDC 
10A © 240VAC 
240VA, pilot duty 

-65 to 350 F 

R
O

B
E 

TY
P

E 08-80 

- 1 0 to 275°F 
275 to 300°F 
300 to 350 F 
350 to 400 F 
400 to 450°F 
450 to 500°F 
500 to 550°F 

Close±5°F, Open±7°F 
Close±7°F, Open±10°F 
Close±10 F, Open±12°F 
Close±12 F, Open±15°F 
Close±15'F, 0pen±20 F 
Close ± 20 F. Open ± 25 ' F 
Close±25 F, Open±30°F 

20 °F nominal 
30 F nominal 
35°F nominal 
35°F nominal 
40 F nominal 
60°F nominal 
100°F nominal 

3A @ 120VAC or 30VDC 
3A @ 240VAC 
240VA, pilot duty 

- 6 5 to 600 F 

Q . 

08-81 
- 1 0 to 275°F 
275 to 300° F 
300 to 350°F 

Close±5°F, Open±7 = F 
Close±7°F. Open±10cF 
Close±10°F, Open±12°F 

20 F nominal 
30 F nominal 
35°F nominal 

5A @ 120VAC or 30VDC 
5A @ 240V AC 
240VA, pilot duty 

- 6 5 to 350°F 

NOTE. Fenwal Snap Disc thermostats are designed specifically for use by high volume original equipment manufacturers. Minimum quantity order is 50 pieces per model. 
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FENWAL F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 617 /881 -2000 

1 f i n i r — " i i i p 
ULTIMHEAT ® 

VIRTUAL MUSEUM 

SERIES 20000 SNAP ACTION 
THERMOSWITCH CONTROLS 

Fenwal p resents a c o m p l e t e l ine 
of snap-ac t ion uni ts w i th e i ther 
s ingle or dua l sw i tch con t ro l . Con-
trol ac t ion is p rov ided by an ex-
pandable liquid action on a bellows 
assembly Be l lows mot ion , c rea ted 
by vo lume c h a n g e s of the l iquid, 
actuates the switch contacts through 
a push rod. 

• HIGH L O A D C A P A C I T Y — a vari-
ation of application rated switches 
wi th c u r r e n t ra t ings up to 15 
a m p s 115-250 V A C , 10 a m p s 
125 VDC. 

• FAST R E S P O N S E — e x p a n d a b l e 
l iquid w h i c h s u r r o u n d s be l lows 
is in d i rect c o n t a c t w i th tempera -
ture sens ing ou te r shel l . 

• CUSTOMER A D J U S T E D - a tem-
pera ture ad jus t i ng sc rew pro-
vides s imple ad jus tmen t of tem-
perature range. Switch can easily 
be set at any t e m p e r a t u r e wi th in 
con t ro l l e r ' s range. 

• " I N D E P E N D E N T L Y A D J U S T -
A B L E " — o n d u a l s w i t c h u n i t s 
e a c h sw i t ch may be set indiv id-
ually at any t e m p e r a t u r e set t ing 
wi th in its range thus a l lowing 
comp le te l y i n d e p e n d e n t ac t ion . 

V A R I E T Y O F T E M P E R A T U R E 
R A N G E S — s i n g l e sw i t ch and dual 
sw i tch mode ls are avai lable wi th 
3 tempera tu re ranges f rom — 7 5 
to 300°F . 

201 
(First 3 digi ts of 
Cat No.) 

Skeleton Frame, 
immersion f i t t ing, 
%-14 N.P.T. Q \ 
23 ~ F PER TURN 

2 0 3 
(First 3 Digits of 
Cat No.) 

Skeleton Frame, 
f lange mount 
23 = F PER TURN ™ 

+Minima m Din meter nt una point in ,6'i.J 

STANDARD DOUBLE THROW SWITCH ± 2 ° F DIFFERENTIAL 
CATALOG 

NO. CATALOG 
SUFFIX NO. 

TEMPERATURE 
RANGE 

CURRENT 
RATING 

AC 
CONTACTOR 

SIZE 
JUNCTION 
BOX FINISH 

APPLICABLE 
MODIFICATIONS 

(See Page 20) 

201, 203 
00 
10 
20 

100 to 300° F 
25 to 225°F 

- 7 5 to 1?5°F 
15.0A 125-250 VAC 

0.50A 125 VDC 
0.25A 250 VDC 

2 
Baked Gray 

Enamel 
3 and 36 

210, 211 
00 
10 
20 

50 to 300" F 
0 to 250ù F 

- 7 5 to 175°F 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

2 

Cadmium Plated 
3, 30, 32, 

34, and 36 

NARROW DIFFERENTIAL DOUBLE THROW SWITCH ± 1 ° F 

201, 203 
03 
13 
23 

100 to 300° F 
25 to 225°F 

- 7 5 to 125°F 
15.0A 125-250 VAC 1 

Baked Gray 
Enamel 

3 and 36 

210, 211 
03 
13 
23 

50 to 300°F 
O to 2503 F 

- 7 5 to 175°F 

15.0A 125-250 VAC 1 

Cadmium Plated 
3, 30,32, 

34, and 36 

HIGH INRUSH DOUBLE THROW SWITCH + 2.5°F 

201, 203 
50 
60 
70 

100 to 300° F 
25 to 225°F 

- 7 5 to 125°F 

15.0A 125-250 VAC 
0.50A125 VDC 
0.25A 250 VDC 
% HP 125 VAC 

Vh HP 250 VAC 

3 

Baked Gray 
Enamel 

3 and 36 

210, 211 
50 
60 
70 

50 to 300 F 
0 to 250"F 

- 7 5 to 175°F 

15.0A 125-250 VAC 
0.50A125 VDC 
0.25A 250 VDC 
% HP 125 VAC 

Vh HP 250 VAC 

3 

Cadmium Plated 
3, 30, 32 

34, and 36 

DIRECT CURRENT DOUBLE THROW SWITCH ± 6 ° F 

201,**203** 
09 
19 
29 

100 to 300° F 
25 to 225°F 

- 7 5 to 125°F 

10.0A125 VAC 
1/« HP 125 VAC 
10.0A 125 VDC 
Vb HP 125 VDC 

1 
Baked Gray 

Enamel 
3 and 36 

210, 211 
09 
19 
29 

50 to 300° F 
0 to 250°F 

- 7 5 to 175°F 

10.0A125 VAC 
1/« HP 125 VAC 
10.0A 125 VDC 
Vb HP 125 VDC 

1 

Cadmium Plated 
3, 30, 32 

34, and 36 

MOISTURE RESISTA NT DOUBLE THROW SW TCH 2 F 

201, 203 53 
63 

100 to 300° F 
25 to 225°F 15. OA 125-250 VAC 

0.50A 125 VDC 
0.25A 250 VDC 

2 
Baked Gray 

Enamel 
3 and 36 

210, 211 53 
63 

50 to 300° F 
0 to 250°F 

15. OA 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

2 

Cadmium Plated 
3, 30, 32, 

34 and 36 
MANUAL RESET DOUBLE THROW SWITCH-OVERHEAT PROTECTION 

201, 203 
06 
16 
26 

100 to 300°F 
25 to 225 °F 

- 7 5 to 125°F 

15.0A 125-250VAC 
0.4A 125 VDC 
0.2A 250 VDC 

1 
Baked Grey 

Enamel 3 and 36 

NOTES Differential is mechanical It is not possible to specify control differential because of undetermined parameter s such as rate of temperature change, medium, and location of tubular sensing element 

® symbols denote units listed by Underwriters' Laboratories or Canadian Sandards Association 
for current ratings up to and including 15A 125-250 VAC. high ratings consult factory 

S U Recognized under the Component Program of Underwriters Laboratories. Inc 
- f Types 201 and 203 are not mounted injunct ion boxes. 
• 'Screw terminals on Models 201 and 203. < 1 six-inch pigtails provided on other models in this group 
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FENWAL F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 617 /881 -2000 ULTIMHEAT 

SERIES 20000 SNAP ACTION CONTROL^™1 MUSEUM 

INDEPENDENTLY 
ADJUSTABLE 

(First 3 Digits of Cat No.) 
Cover not drip proof Junction 
Box For Air or metal block 
23°F Per Turn 

INDEPENDENTLY 
ADJUSTABLE 

(First 3 Digits of Cat No.) 
Cover not drip proof Junction 
Box '/z-14 NP.T. immersion 
fitting 23°F Per Turn 

PROTECTIVE WELLS 1er u u with 
203. 210. 2 2 7 iRits 

C a t No. 11208-0 

Low Pressure Hex Head Well (321 Stain-
less Steel Well and Head) 

Cat No. 11208-1 

High Pressure Hex Head Well (316 Stain-
less Steel Well and Head) 

CATALOG 
NO. 

CATALOG 
SUFFIX NO. 

TEMPERATURE 
RANGE 

SNAP SWITCH TYPE 
AND DIFFERENTIAL CURRENT RATINGS 

AC CONTACTOR SIZE CATALOG 
NO. 

CATALOG 
SUFFIX NO. 

TEMPERATURE 
RANGE 

SNAP SWITCH TYPE 
AND DIFFERENTIAL CURRENT RATINGS Switch 

No. 1 
Switch 
No. 2 

CATALOG 
NO. 

CATALOG 
SUFFIX NO. 

TEMPERATURE 
RANGE 

SWitCtTNO: 11 SWitcn No. Ï switch No. 1 switch No. 2 
Switch 
No. 1 

Switch 
No. 2 

227, 

or 

228 

00 
10 
20 

100 to 300CF 
25 to 225°F 

- 7 5 t o 1 2 5 ° F 

Standard 
Double Throw 

+2°F 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

2 2 

227, 

or 

228 

03 
13 
23 

" m r r a F r 
25 to 225°F 

- 7 5 to 125°F 

Differential 
Double Throw 

+1°F 

15. OA 125-250 VAC 1 1 

227, 

or 

228 

03 
13 
23 

" m r r a F r 
25 to 225°F 

- 7 5 to 125°F 

Differential 
Double Throw 

+1°F 15. OA 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VOC 
3/.HP 125 VAC 

3 3 

227, 

or 

228 

06 
16 
26 

100 to 300°F 
25 to 225°F 

- 7 5 to 125°F 

man inrush 
Double Throw 

±2.5°F 

15. OA 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VOC 
3/.HP 125 VAC 

3 3 

227, 

or 

228 

50 
60 

100 to 300° F 
25 to 225°F 

Moisture Resistant 
Double Throw 

± 2 ° F 

IVjHH 2bU VAC 
15. OA 125-250 VAC 

0.50A 125 VDC 
0.25A 250 VDC 

2 2 

227, 

or 

228 

01 
11 
21 

100 to 300'F 
25 to 225°F 

- 7 5 to 125°F 

Standard 
D.T. 

±2=F 

Narrow 
Differential 

D.T. 
4-1-F 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

15.0A 125-250 VAC 2 1 

227, 

or 

228 

02 
12 
22 

100 to 300° F 
25 to 225°F 

- 7 5 to 125"F 

Standard 
O.T. 

±2°F 

High 
Inrush 
O.T. 

±2.5°F 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

15.0A 125-250 VAC 
3/<HP 125 VAC 

V/2HP 250 VAC 
2 3 

227, 

or 

228 

04 
14 
24 

I00 to 300°F 
25 to 225°F 

- 7 5 to 125°F 

Narrow 
Differential 

D.T. 
+ 1°F 

Standard 
D.T. 

±2°F 
15.0A 125-250 VAC 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

1 
2 

227, 

or 

228 

05 
15 
25 

100 to 300°F 
25 to 225 °F 
75 to 125°F 

Narrow 
Differential 

D.T. 
±1°F 

High 
Inrush 
D.T. 

±2.5°F 
15.0A 125-250 VAC 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 
%HP 125 VAC 

IV2HP 250 VAC 

1 3 

227, 

or 

228 

07 
17 
27 

100 to 300° F 
25 to 225°F 

- 7 5 to 125°F 

High 
Inrush 

D.T. 
±2.5°F 

Standard 
D.T. 

± 2 ° F 

I5.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 
3/<HP 125 VAC 

1'/2HP 250 VAC 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 

3 2 

227, 

or 

228 

08 
18 
28 

100 to 300 °F 
25 to 225°F 

- 7 5 to 125°F 

High 
Inrush 

D.T. 
±2.5°F 

Narrow 
Differential 

D.T. 
±1°F 

15.0A 125-250 VAC 
0.50A 125 VDC 
0.25A 250 VDC 
3/<HP 125 VAC 

11/2HP 250 VAC 

15.0A 125-250 VAC 3 1 

« m x c \ 1 IS n e a r e s t electrical outlet hole 
rvB01 ^ ' i " 1 " 1 m o d e i s a v a i l a b | e on special request Consult factory. 
Differential is mechanical. It is not possible to specify control differential because of un-
determined parameters such as rate of temperature change, medium, and location of 
tubular sensing element. 

All switches on this page listed by Underwriters' Laboratories for current ratings up to 
and including 15A 125-250 VAC. For higher ratings consult factory. 
Junction box finish, all models, baked gray enamel. 
Applicable modifications all models, 3 and 36. 
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r n (Shown with 

2 ^ 0 Mod. 30) 

(First 3 Digits of Cat No.) 

J u n c t i o n box. F l a n g e 
Mounted. Moisture-proof cov-
er, external (sealed) adjust-
ment shaft Drip proof if in-
stalled with electric outlet at 
bottom. Airtight if electrical 
outlet is sealed. 280 F PER 
TURN 

Meets N E M A 1 . 2 , 3 . 4 . 1 2 

Meets NEMA 1,2,3,4. 12 



FENWAL FENWAL INCORPORATED 
Ashland, Mass. 01721 617/881-2000 ULTIMHEAT ® 

VIRTUAL MUSEUM 

MODIFICATIONS FOR SERIES 20000 SNAP ACTION CONTROLS 

30 

FACTORY TEMPERATURE SETTING 

When factory preset greater set point accuracy can be at-
tained by specifying the temperature setting desired and 
which contact (NO or NC) is to open or close on tempera-
ture rise or fall. See example under "HOW TO ORDER" sec-
tion. Unless otherwise specified, unit will be set at mid-
point between make and break of contacts. 
Factory setting tolerance on all 20000 and 22000 Series 
THERMOSWITCH controls is ±3°F. On all 21000 Series 
units it is ±5°F. 

Unless this Modification is ordered, unit will be set at ap-
proximately 75°F. 

CALIBRATED DIAL AND KNOB IN °F 

A calibrated dial and knob may be added to any Series 210 
or 211 units. 

30 With temperature range of 50 to 300 °F. 
30B With temperature range of 0 to 250°F. 

MOISTURE RESISTANT FITTINGS 

A mois ture res is tan t 
electrical connector may 
be added to any Series 
210 or 211 unita 

Mod. Cable, Cord 
No. or Conduit Dia 
32A '/»" to V4" 
32B to 
32C % " to V2" 
32D 1/2" to %" 
32E 11/16" 

34 
NON-CALIBRATED DIAL AND KNOB 

A non-calibrated dial and knob with arbitrary nu-
merals may be added to any Series 210 or 211 
control. 

HEAT EXCHANGER FINS 

In air sensing applications where faster response 
is needed, heat exchanger fins may be adaed to 
any unit 

Note: Addition of modifications man affect agency approvals—consult factory. 

SPECIAL FEATURES 

3 4 A PLATING 

To overcome certain corrosive conditions, the brass shell may be 

plated with Tin, Cadmium, Nickel or Chromium. (Standard Chro-

mium plating thickness ,00002"-.00003" over .001 "-.002" Nickel 

Plate). 

NOTE: Special Feature 34A is applicable to all units. 

GENERAL NOTES 

Unless otherwise specified, all ratings apply to non-inductive 
loads, such as heaters or resistors. Tungsten filament lamps have 
an inrush of ten to fifteen times the steady state current Do not 
exceed switch ratings at any time. 

Any of the snap switches listed is capable of controlling motor 
contactors up to and including size #1. For specific contactor rat-
ings see the snap switch chart 

Unless otherwise specified, all snap switches will be furnished 
with screw terminals. DC snap-switches on the 210, and 211 
series are furnished with pigtail lead wires. 

Sensing bulbs may be exposed indefinitely at -100°F and at the 
upper limit of the setting range. Snap switch temperature may not 
be allowed to exceed 180°F. 

The variations of single pole, double throw snap switches are 

easily interchangeable with one another. All units may be safely 
adjusted at any time throughout the full range. 

For pressure applications, set point decreases approximately 1°F $ 
per 100 psi applied pressure. 

All units not recommended for pressure over 500 psi. 

Certain gases or liquids including water at elevated temperatures 
could be corrosive and may also cause electrolytic action which 
could severely shorten the life of the controller. Where corrosion 
or electrolysis is suspect, the use of stainless steel heliarc weld-
ed thermowells, various platings or coatings (see above) may 
increase controller life. The rate of corrosion or electrolysis is in-
fluenced by a great many system parameters such as chemical 
makeup and temperature of the solution, stray electric currents, 
etc. Consult the supplier of your chemicals or the factory for 
suggestions. 

HOW TO ORDER 

1. Select basic switch type from appropriate columns. 
2. Select desired temperature range and add suffix number to catalog number. 
3. When ordering Modifications, add Modification number after switch catalog number. 
4. To order a thermowell, specify the well catalog number. t 
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FENWAL F E N W A L INCORPORATED 
Ashland, Mass. 01721 617/881-2000 

400 LINE LIQUID EXPANSION TEMPERATURE CONTROLLERS 
FM Approved High Temperature Limit Switch 

INDICATING NON-INDICATING 

U L and CSA Listed INDICATING 
Fenwal offers a large selection of indicating controllers in 
the "400 Line", including electrical dual or single circuit 
models, proportioning potentiometric output models; and 
pneumatic on/off and proportioning models. 

Standard snapswitch models can be equipped with addi-
tional 5 amp miniature snapswitches, permitting pro-
gramming of an entire process if required. 

Dual switch models can be provided with separate ex-
ternal knobs for easier adjustments of differential. 

On-off control of one or more set points is provided 
through switches actuated by the volumetric expansion of 
the fill fluid. 

As temperature variations cause expansion or contraction 
of the liquid in the bulb and capillary, changes of pres-
sure are transmitted to a bellows assembly in the actua-
tor housing. This, in turn, moves a push rod which ac-
tuates the output (snapswitch, proportioning potentiomet-
ric or pneumatic). Both set point and process tempera-
tures are indicated on a large, easy-to-read cali brated 
dial. 

All standard models have dual meter scales indicating 
both Fahrenheit and Centigrade degrees. 

Designed to comply with NEMA requirements for 
Types 1, 2, 4 and 12. 

For outdoor applications, a separate coverorshield is 
recommended to protect the controller from exposure 
to the elements. 

Neoprene gaskets seal all access ports and covers. 

Exposure limits for housing and capillary are - 6 5 to 
175°F in units with a top range limit up to and including 
200°F; and -100 to 175°F in units with a top range limit 
from 300°F through 500°F. The 50 to 700°F model has 
exposure limits of 25 to 175°F. 

The 400 features a field replaceable actuator with 1% 
factory calibration and 1% indication and control accura-
cy. 

UL listed and CSA certified 
NON-INDICATING 

Fenwal's "400 Line" non-indicating mechanical tempera-
ture controllers are lightweight, compact and designed to 
provide many years of dependable service. 
Fenwal's precision internal mechanism* and liquid filled 
thermal system assures lasting accuracy. 

• Ease of installation—just two (2) screws required for 
mounting housing. 

• Simple temperature adjustment—single, easy-to-grip 
knob for temperature settings. 

• Quick snap switch change-mounting arrangement sim-
plifies snap switch replacement. 

These are iust a few of the many outstanding features of 
this controller—designed for User Convenience! 

Applications for this versatile instrument are limited only 
by the physical requirements of the thermal system to be 
controlled. 

«U.S. Patent No 3,038,979 

21 



FENWAL 
NON-INDICATING 
CONTROLLERS 
TYPE 316 

Stainless Steel to 7Q0°F 

For optimum sensitivity select the 
smallest diameter bulb consistent 
with the length the installation can 
accommodate. 
Refer to specifications for bulb di-
mensions. 

F E N W A L I N C O R P O R A T E D 
Ashland, Mass. 01721 6 1 7 / 8 8 1 - 2 0 0 0 

SPECIFICATIONS—NON-INDICATING 

£ i .0*3 

Style "D" shipping configuration 
may be s t ra igh tened at in-
stallation; uncoiling may result in 
calibration offset of ±2% of scale. 

Outline Dimensions 

SERIES 40-302 & 40-303 
NON-INDICATING CONTROLLERS 

Temperature 
Scale Range 

-150°F to 200°F 
[-100°C to 200°C) 

-20°F to 120°F 
(-3TC to 50°C) 

50°F to 200°F 
(10°C to 95 °C) 

50?f to 300°F 
(10°C to 150°C) 

50°F to 400°F 
(10°C to 200°C| 

50°F to 500°F 
(10°C to 260°C) 

5D°F to 700°F 
(10°C to 370°C) 

-30°F to 170°F 

B 

Single Circuit 
Models 

One SPOT 
Switch 

One Knob & Dial 
Catalog Number 

40-302092-101 
40-302091-101 
40-302090-101 
40-302089-101 

40-302092-102 
40-302091-102 
40-302090-102 
40-302089-102 

40-302092-103 
40-302091-103 
40-302090-103 
40-302089-103 

40-302092-124 
40-302091-124 
40-302090-124 
40-302089-124 

40-302092-125 
40-302091-125 
40-302090-125 
40-302089-125 

40-302092-129 
40-302091-129 
40-302090-129 
40-302089-129 

40-302092-116 
40-302091-116 
40-302090-116 
40-302089-116 

40-302092-108 
40-302091-108 
40-302090-108 
40-302089-108 

Dual Circuit 
Models 

Two SPOT 
Switches 

Front Switch 
High Control Point 

Rear Switch 
Low Control Point 

One Knob & Dial 
Traveling 

Differential 
Catalog Number 

40-303092-101 
40-303091-101 
40-303090-101 
40-303089-101 

40-303092-102 
40-303091-102 
40-303090-102 
40-303089-102 

40-303092-103 
40-303091-103 
40-303090-103 
40-303089-103 

40-303092-124 
40-303091-124 
40-303090-124 
40-303089-124 

40-303092-125 
40-303091-125 
40-303090-125 
40-303089-125 

40-303092-129 
40-303091-129 
40-303090-129 
40-303089-129 

40-303092-116 
40-303091-116 
40-303090-116 
40-303089-116 

40-303092-108 
40-303091-108 
40-303090-108 
40-303089-108 

SERIES 40-304 
LIMIT SWITCH 

Al B1 

<®> 
Approved 

Temperature 
Scale Range* 

-50°F to 200°F 
(-40°C to 100°C) 

1-90 ± 5°F] 

20°F to 120°F 
[-10 ± 5°F] 

100°F to 200°F 
(40°C to 95°C) 

[45 ± 5°F] 

125°F to 300°F 
(50°C to 150°C) 

[50 ± 5°F] 

150°F to 400°F 
(60°C to 200°C| 

[50 ± 5°F] 

200° F to 500° F 
(90°C to 260°C) 

[50 ± 5°F] 

250°F to 700°F 
(120°C to 370°C) 

[55 ± 5°F[ 

30°F to 170°F 
[-20 ± 5°F] 

Number 

40-304092-101 
40-304091-101 
40-304090-101 
40-304089-101 

40-304092-102 
40-304091-102 
40-304090-102 
40-304089-102 

40-304092-103 
40-304091-103 
40-304090-103 
40-304089-103 

40-304092-124 
40-304091-124 
40-304090-124 
40-304089-124 

40-304092-125 
40-304091-125 
40-304090-125 
40-302089-125 

40-304092-129 
40-304091-129 
40-304090-129 
40-304089-129 

40-304092-116 
40-304091-116 
40-304090-116 
40-304089-116 

40-304092-108 
40-304091-108 
40-304090-108 
40-304089-108 

'Figure in brackets indicates factory preset low limit point. 

All Specifications are subject to change without notice. 

ULTIMHEAT ® 
VIRTUAL MUSEUM 
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FENWAL 
NON-INDICATING CONTROLLERS 
SPECIFICATIONS 

FENWAL INCORPORATED 
Ashland, Mass. 01721 617/881 -2000 

ADDITIONAL SPECIFICATION - ALL MODELS 

• MODIFICATIONS See Page 

For other special requirements, consult factory 

ULTIMHEAT ® 
VIRTUAL MUSEUM 

Actuator 
Assemblies 

Only 
(6' copper cap-

illary with St. St. 
Bulb) 

Catalog Number 

• 
Bulb 
Style 

D 

BULBt 
0iameter& Length 

(In inches) 

Current 
Ratings 

AC 
Contactor 

Size 
(NEMA) 

40-100092-001 
40-100091-001 
40-100090-001 
40-100089-001 

A 
B 
C 
D 

3/8 x 2.807 
1/4 x 5.846 

3/32 x 7.3 (ref) 
3/32 x 55.0 (ref) 

Series 40-302 
and 40-303 

€ 
40-100092-002 
40-100091-002 
40-00091-002 
40-100089-002 

A 
B 
C 
D 

3/8 x 6.984 
1/4 x 14.875 

3/32 x 18.500(ref) 
3/32 x 143.0001 ref) 

Standard 
Differential 

(2% of 
Scale Range) 

SPDT 

Standard 
Differential 

Models 

40-100092-003 
40-100091-003 
40-100090-003 
40-100089-003 

A 
B 
C 
D 

3/8 x 5.865 
1/4 x 12.500 

3/32 x 15.650(ref) 
3/32 x 119.437 (ref) 

15A, 125-250VAC 
0.50A, 125 VDC 
0.25A, 250 VDC 

Narrow Differential 
(1% nf 

Scale Range) 
SPDT 

15A, 125-250 VAC 

2 

40-100092-024 
40-100091-024 
40-100090-024 
40-100089-024 

A 
B 
C 
0 

3/8 x 4.400 
1/4 x 9.276 

3/32 x 12.533(ref) 
3/32 x 88.902 (ref) 

15A, 125-250VAC 
0.50A, 125 VDC 
0.25A, 250 VDC 

Narrow Differential 
(1% nf 

Scale Range) 
SPDT 

15A, 125-250 VAC 
Narrow 

Differential 
40-100092-025 
40-100091-025 
40-100090-025 
40-100089-025 

A 
B 
C 
0 

3/8 x 3-201 
1/4 x 6.680 

3/32 x 9.338(ref) 
3/32 x 72.168 (ref) 

Models 

1 

40-100092-029 
40-100091-029 
40-100090-029 
40-100089-028 

A 
B 
C 
0 

3/8 x 2.551 
1/4 x 5259 

3/32 x 6.843(ref) 
3/32 x 50.328 (ref) 

Series 40-304 
< ™ > 

40-100092-016 
40-100091-016 
40-100090-016 
40-100089-016 

A 
B 
C 
D 

3/8 x 1.872 
1/4 x 3.866 

3/32 x 5.223(ref) 
3/32 x 25.661 (ref) 

15A, 125-250 VAI 

0.40A, 125 VDC 
0.20A, 250VDC 

[Contactors 
NOT 

furnished 
with 

controller! 40-100092-008 
40-100091-008 
40-100090-008 
40-100089-008 

A 
B 
C 
0 

3/8 x 4.920 
1/4 x 10.440 

3/32 x 13.300(ref) 
3/32 x 100.100 (ref) 

[Contactors 
NOT 

furnished 
with 

controller! 

HOW TO ORDER 
NON-INDICATING CONTROLLERS SERIES 40-302 & 40-303 

1. Select temperature scale range desired from Column A. 
(If Centigrade Range is required, change 9th digit of Cat 
No. as shown below.) 

2. Next decide on mode of operation using Column B or 
Column C. 
On DUAL SWITCH Models only: 
A. Control knob is normally correlated with Rear 

Switch. When specified on order, factory will change 
controller so that control knob and Front Switch are 
correlated. 

B. Differential is factory set with Rear Switch 10% of 
scale range Lower than Front Switch. When speci-
fied, this differential can be changed to customer re-
quirements between limits of 2 to 50%, ± 2 % of 
scale range' 

3. Then select the Bulb Style for your application from Col-
umn D. (Four choices in each temperature range.) 6' 
copper capillary normally provided. 

SERIES 40-304 LIMIT SWITCH 

1. Select temperature range from Column A-1. (If Centi-
grade Range is required, change 9th digit of catalog 
number as shown below.) 

2. Snap Switches supplied on Limit Switch Controllers 
CANNOT be substituted. 

3. Then select the Bulb Style for your application from Col-
umn D. (Four choices in each temperature range.) 6' 
copper capillary normally provided. 

CAUTION: In corrosive atmospheres, and particularly at 
temperatures above 500°F. Nickel Plating of Copper Ca-
pillaries is recommended. 

The chart at left contains the basic specifications and cat-
alog numbering system. To obtain other combinations, 
change 6th or 9th digit of cataloa number as indicated on 
code below. Other data and catalog digit numbers are se-
lected from chart at left 

4 0 - X X X X X X - X X X 

1—Fahrenheit Scale 

2—Centigrade Equivalent Scale 

0—Standard differential snap switch(es). 

NOW—Order your controller by catalog number from Columns B 
or C based on choice of items 1, 2 and 3 . . . and add appropriate 
Modifications. 
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INDICATING CONTROLLERS SPECIFICATIONS ^ 

40-702 40-703 40-704 40-723 

Temp. 
Scale 
Range 

Single Clrc 
One SP0 

One Control Po 
6' Capillary 

ul l Models 
Switch 

nter and Knob 
10' Capillary 

Dual Circ 
Two SPDT S 

Constant 
One Control Po 

6' Capillary 

it Models 
witches with 
ifferential 
nter and Knob 

10' Capillary 

Dual Circu 
Two SPDT 

Two Control Poi 
6' Capillary 

it Models 
Switches 
ters and Knobs 

10' Capillary 

1135 
Proportioning 

Output 
6' Capillary 

ohms| 

Potentiometric 
Models 

10' Capillary 

- 1 5 0 ° to 200°F 
( - 1 0 0 ° to 100°C) 

40-702010-401 
40-702011-401 
40-702012-401 
40-702013-401 

40-702014-401 
40-702015-401 
40-702016-401 
40-702017-401 

40-703010-401 
40-703011-401 
40-703012-401 
40-703013-401 

40-703014-401 
40-703015-401 
40-703016-401 
40-703017-401 

40-704010-401 
40-704011-401 
40-704012-401 
40-704013-401 

40-704014-401 
40-704015-401 
40-704016-401 
40-704017-401 

40-723010-401 
40-723011-401 
40-723012-401 
40-723013-401 

40-723014-401 
40-723015-401 
40-723016-401 
40-723017-401 

- 3 0 to 170°F 
( - 3 5 to 75°C) 

40-702010-408 
40-702011-408 
40-702012-408 
40-702013-408 

40-702014-408 
40-702015-408 
40-702016-408 
40-702017-408 

40-703010-408 
40-703011-408 
40-703012-408 
40-703013-408 

40-703014-408 
40-703015-408 
40-703016-408 
40-703017-408 

40-704010-408 
40-704011-408 
40-704012-408 
40-704013-408 

40-704014-408 
40-704015-408 
40-704016-408 
40-704017-406 

40-723010-408 
40-723011-408 
40-723012-408 
40-723013-408 

40-723014-408 
40-723015-408 
40-723016-408 
40-723017-408 

- 2 0 to 120°F 
( - 3 0 ° to 50°C) 

40-702010-402 
40-702011-402 
40-702-12-402 
40-702013-402 

40-702014-402 
40-702015-402 
40-702016-402 
40-702017-402 

40-703010-402 
40-703011-402 
40-703012-402 
40-703013-402 

40-703014-402 
40-703015-402 
40-703016-402 
40-703017-402 

40-704010-402 
40-704011-402 
40-704012-402 
40-704013-402 

40-704014-402 
40-704015-402 
40-704016-402 
40-704017-402 

40-723010-402 
4 0 - 7 2 3 0 1 M 0 2 
40-723012-402 
40-723013-402 

40-723014-402 
40-723015-402 
40-723016-402 
40-723017-402 

50 to 200 F 
(10° to 95°C) 

40-702010-403 
40-702011-403 
40-702012-403 
40-702013-403 

40-702014-403 
40-702015-403 
40-702016-403 
40-702017-403 

40-703010-403 
40-703011-403 
40-703012-403 
40-703013-403 

40-703014-403 
40-703015-403 
40-703016-403 
40-703017-403 

40-704010-403' 
40-704011-403 
40-704012-403 
40-704013-403 

40-704014-403 
40-704015-403 
40-704016-403 
40-704017-403 

40-723010-403 
40-723011-403 
40-723012-403 
40-723013-403 

40-723014-403 
40-723015-403 
40-723016-403 
40-723017-403 

50° to 300°F 
(10 to 150 C) 

40-702010-424 
40-702011-424 
40-702012-424 
40-702013-424 

40-702014-424 
40-702015-424 
40-702016-424 
40-702017-424 

40-703010-424 
40-703011-424 
40-703012-424 
40-703013-424 

40-703014-424 
40-703015-424 
40-703016-424 
40-703017-424 

40-704010-424 
40-704011-424 
40-704012-424 
40-704013-424 

40-704014-424 
40-704015-424 
40-704016-424 
40-704017-424 

40-723010-424 
40-723011-424 
40-723012-424 
40-723013-424 

40-723014-424 
40-723015-424 
40-723016-424 
40-723017-424 

50 to 400 'F 
(10 to 200 °C) 

40-702010-425 
40-702011-425 
40-702012-425 
40-702013-425 

40-702014-425 
40-702015-425 
40-702016-425 
40-702017-425 

40-703010-425 
40-703011-425 
40-703012-425 
40-703013-425 

40-703014-425 
40-703015-425 
40-703016-425 
40-703017-425 

40-704010-425 
40-704011-425 
40-704012-425 
40-704013-425 

40-704014-425 
40-704015-425 
40-704016-425 
40-704017-425 

40-723010-425 
40-723011-425 
40-723012-425 
40-723013-425 

40-723014-425 
40-723015-425 
40-723016-425 
40-723017-425 

50' to 500" F 
(10 to 260 °C) 

40-702010-429 
40-702011-429 
40-702012-429 
40-702013-429 

40-702014-429 
40-702015-429 
40-702016-429 
40-702017-429 

40-703010-429 
40-703011-429 
40-703012-429 
40-703013-429 

40-703014-429 
40-703015-429 
40-703016-429 
40-703017-429 

40-704010-429 
40-704011-429 
40-704012-429 
40-704013-429 

40-704014-429 
40-704015-429 
40-704016-429 
40-704017-429 

40-723010-429 
40-723011-429 
40-723012-429 
40-723013-429 

40-723014-429 
40-723015-429 
40-723016-429 
40-723017-429 

50 to 700°F 
(10° to 370°C) 

40-702010-416 
40-702011-416 
40-702012-416 
40-702013-416 

40-702014-416 
40-702015-416 
40-702016-416 
40-702017-416 

40-703010-416 
40-703011-416 
40-703012-416 
40-703013-416 

40-703014-416 
40-803015-416 
40-703016-416 
40-703017-416 

40-704010-416 
40-704011-416 
40-704012-416 
40-704013-416 

40-704014-416 
40-704015-416 
40-704016-416 
40-704017-416 

40-723010-416 
40-723011-416 
40-723012-416 
40-723013-416 

40-723014-416 
40-723015-416 
40-723016-416 
40-723017-416 

HOW TO ORDER 
ELECTRIC INDICATING CONTROLLERS SERIES 40 -702 , 40 -703 , 4 0 - 7 0 4 & 4 0 - 7 2 3 

1. Select temperature scale range desired from Column A. 
2. Next, decide on the mode of operation using Column B, 

C, D or E. If other than standard differential snap-
switches are required such as Moisture Proof Switches, 
Modification 157, refer to page and add appropriate 
number(s) to catalog number. 
appropriate number(s) to catalog number. 

On DUAL SWITCH models only: (Column C) 
A. Control knob is normally correlated with Rear Switch. 

When specified on order, factory will change controller 
so that control knob and Front Switch are correlated. 

B. Differential is factory set with Rear Switch 25° of scale 
range Lower than Front Switch. When specified, this dif-
ferential can be changed to customer requirements be-
tween limits of 2 to 50%, ± 2 % of scale range. State al-
ternate differential on sales order when required. 

C. Independently Adjustable Dual Circuit controllers (Col-
umn D) have two external adjustment knobs and two 
pointers to facilitate set point changes. 

3. Then select the Bulb Style for your application from Col-
umn F (Four choices in each temperature range). A 6' 
or 10' stainless steel capillary is normally pro-
vided. Copper capillaries are available upon 
request. 

The chart above contains the basic specifications and catalog 
numbers. To obtain other combinations such as: (1) Two external 
control knobs, (2) alternate snapswitches; change 5th or 6th digit 
of catalog number as indicated on code below: 

Product Code—Series 40-702. 40-703 & 40-704 
40-70XXXX-XXX 

" 1 = 1 Temperature Scale Range 
1 H Bulb Style & Capillary Length 

1 thru 8, Alternate Snapswitches 
Consult Factory 
2—Single Circuit, One Knob, 1 Pointer 
3—Dual Circuit One Knob, 1 Pointer 
Constant Differential 
4—Dual Circuit Two Knobs, 2 Pointers 
Independently Adjustable 

Product Code—Series 40-723 
40-7230XX-XXj[ 

r Temperature Scale Range 
[ Bulb Style & Capillary Length 

NOW—Order your controller by catalog number from Columns B, C, D or E 
. . . and add appropriate Modification. 

-200 
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c 
40-830 n 40831 

u 
40-835 

a 
Proportional Output 

n 
Proportional Output On-Off Snap Action 

Pressure Rating Pressure Rating Pressure Rating 
Actuator Assemblies Only Bulb 0 to 100 PSIG (Max.) 0 to 100 PSIG (Max.) 0 to 30 PSIG (Max.) 

Stainless Steel Bulb Bulb Diameter x Length Top Valve Exit Bottom Valve Exit Bottom Exit Additional 
6' Capillary 10' Capillary Style | ln inches) 6' Capillary 6' Capillary 6' Capillary Specifications 

40-100010-001 40-100014-001 A 3 / 8 x 2.807 40-830010-401 40-831010-401 40-835010-401 Bulb & Capillary 
40-100011-001 40 100015-001 B 1/4 X 5.846 40-830011-401 40-831011-401 40-835011-401 Material 
40-100012-001 40-100016-001 C 3 /32 x 7.3 (réf.] 40-830012-401 40-831012-401 40-835012-401 Type 316 Stainless Steel 

40-100013-001 40 100017-001 0 3 /32 x 55.0 (réf.] 40 830013-401 40-831013-401 40-835013-401 

40-100010-008 40-100014-008 A 3 /8 x 4.920 40-830010-408 40-831020-408 40-835010-408 
40-100011-008 40 100015 008 B 1/4 x 10.440 40-830011-408 40-831011 408 40-83501 1-408 AC Contactor Size 
40-100012-008 40-100016-008 C 3 /32 x 13.3 [rel.l 40-830012-408 40-831011 408 40-835012-408 (NEMA) 
40-100013-008 40 100017-008 0 3 /32 x 100.1 [re(| 40-830013-408 40 831012 408 40-835013-408 Standard 2 Differential 
40-100010-002 40 100014-002 A 3 / 8 x 6.984 40-830010-402 40-831010-402 40 835010-402 Models 
40-100011 002 40-100015-002 B 1/4 x 14.875 40-830011-402 40-831011-402 40-835011-402 
40 100012 002 40-100016-002 C 3 /32 x 18.5 (ref.) 40-830012-402 40 831012 402 40-835012-402 Narrow 
40-100013-002 40-100017-002 D 3 /32 x 143.0 (ref.) 40-830013-402 40-831013-402 40-835013-402 Differential i 

Models • 
40-100010-003 40-100014 003 A 3 / 8 x 5.865 40-830010-403 40-831010-403 40-835010-403 
40-100011-003 40-100015-003 B 1 /4 x 12.500 40-830011-403 40-831011 403 40-835011-403 IConlactors 
40-100012-003 40-100016 003 C 3 /32 x 15.6 (ref.) 40-830012-403 40-831012-403 40-835012-403 Not Furnished 
40-100013-003 40-100017-003 0 3 /32 x 119.4 (ref.) 40-830013-403 40-831013-403 40-835013-403 with Controller 

40-100010-024 40-100014-024 A 3 / 8 x 4.400 40-830010-424 40-831010-424 40-835010-424 Current Ratings 
40-100011-024 40-100015-024 B 1 /4 x 9.276 40 830011-424 40 831011-424 40 835011-424 Series 40-702. 40-703 fiC, 
40-100012-024 40-100016 024 C 3/32 x 12.533 (ref.) 40-830012-425 40 831012-424 40-835012-424 40-704 
40-100013-024 40-100017-024 0 3 /32 x 88.902 (ref.) 40-830013-425 40 831013 424 40-835013-424 

Standard 
40-100010-025 40-100014-025 A 3 / 8 X 3.201 40-830010-425 40-831010-425 40-835010-425 Differential 
40-100011-025 40-100015-025 B 1/4 x 6.680 40-830011-425 40 831011-425 40-835011-425 SPOT 
40 100012 025 40-100016-025 C 3 / 3 2 x 9.338 [réf.] 40-830012-424 40-831012-425 40-835012-425 15A, 125-250 VAC 
40-100013-025 40-100017-025 D 3 /32 x 72.168 (ref.) 40-830013-425 40-831013-425 40-835013-425 0.5A. 125 VDC 

0.25A. 250 VDC 

40-100010-029 40-100014-029 A 3 / 8 x 2.551 40-830010-429 40-831010-429 40-835010-429 
40-100011-029 40-100015-029 B 1/4 x 5.259 40-830011-429 40-831011-429 40 835011-429 Narrow 
40-100012-029 40-100016-029 C 3 /32 x 6.843 (ref.) 40-830012-429 40-831012-429 40-835012-429 Differential C v 
40-100013-029 40-100017-029 0 3 /32 x 50.328 (ref.) 40-830013-429 40-831013-429 40-835013-429 SPDT 

15A, 125-250 VAC (Kb 
40-100010-016 40-100014 016 A 3 / 8 x 1.872 40-830010-416 40-831010-416 40-835010-416 Series 40-723 
40-100012-016 40-100015-016 B 1/4 x 3.866 40 830011-416 40-831011-416 40-835011-416 135 Ohms Potentiometric Output 
40-100012-016 40-100016 016 C 3/32 x 5.223 (ref.) 40-830012-416 40-831012-416 40-835012-416 24 VAC max. 

Output 

40-100013-016 40-100017-016 0 3 /32 x 35.661 (rel.) 40-830013-416 40 831013-416 40 835013 416 

HOW TO ORDER 
PNEUMATIC INDICATING CONTROLLERS 

SERIES 40-83X 

1. Select temperature scale range desired from Col-
umn A. 

2. Next decide on mode of operation using Columns 
G, H, or I. If other than standard units are required, 
consult factory. 

3. Then select the Bulb Style for your application 
from Column F (Four choices each temperature 
range) A 6 or 10' stainless steel capillary is nor-
mally provided. Copper capillaries are available 
upon request 

NOW—Order your controller by catalog number from Column G, H 
or I based on choice of items 1, 2 and 3 . . . and add appropriate 
Modification and Special Feature numbers to order. 

All specifications are subject to change without noti<e 

OUTLINE DIMENSIONS 

;2). 125-27 N.P.T. (COVERED WITH 
PLftSTIC SHIPPING PLUG) ON 
40-8>0XXX-<XX SERIES ONLY 

BLEED VALVE PROTECTIVE BOOT 
(REMOVE BOOT TO ADJUST VALVE) 
ON A0-85XXXX-4XX SERIES ONLY 

DOTTED LINES 
INDICATE OUTS 
DIMENSIONS Of 
CONTROL BOX 
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MODIFICATIONS FOR INDICATING and NON-INDICATING CONTROLLERS 

MOD. 25—PACKING GLAND 
Addition of a capillary tube packing gland to any remote 
bulb type temperature controller. 
For bulb diameter .375 nominal or smaller; Bulb Styles "A" 
"B" and "D". Pressure 400 P.S.I, at 700°F. 

Brass Nickel Plated 300 Series Stainless Steel 

Mod. No. L Gland Size Mod. No. Gland Size 

25A* 3/t -18 NPT 25D* %-18 NPT 
25B* %-14 NPT 25E* Vz-14 NPT 
25C* 3/i-14 NPT 25F* %-14 NPT 

*May be changed in the field 

Gland 
Pack ing R ing 

B u s h i n g 

C a p i l l a r y 

Customer's 
Mounting 

C u s t o m e r ' s / 
M o u n t i n g 

ARMORED CABLE ARMORED CABLE 
Length Length 

Stainless Steel Mod. No. Stainless Steel Mod. No. 

2'A to 3 65A over 13 to 14 65L 
over 3 to 4 658 over 14 to 15 65M 
over 4 to 5 65C over 15 to 16 65N 
over 5 to 6' 65D over 16 to 17 65(0) 
over 6 to 7' 65E over 17 to 18' 65P 
over 7 to 8' 65F over 18 to 19 650 
over 8 to 9' 65G over 19 to 20' 65R 
over 9 to 10' 65 H over 20 to 25 65S 
over 10 to 11 65(1) over 25 to 30' 65T 
over 11 to 12 65J over 30 to 35' 65U 
over 12 to 13' 65 K over 35 to 40 * 65V 

*For longer lengths—consult factory 

Packing Gland 

Brass Nickel Plated 300 Series Stainless Steel 

Style Gland Size Style Gland Size 

A %-18 NPT D 3/b-1 8 NPT 
B 1A-14 NPT E '4-14 NPT 
C V4-14 NPT F 3/<-14 NPT 

G l a n d 
P a c k i n g 

B u s h i n g 

A r m o r e d C a b l e 

Customer's Mounting W a s h e r s ( 6 ) 

NOTE: This mod. shipped unattached unless otherwise specified on order. 
When ordering this modification provide model number and letter plus letter for gland style: 
Mod. 65J, Style E. 

MOD. 107—ARMORED CABLE AND GROMMET 
For addition to capillary tubing having bulb styles "B" and 
"D" only. Stainless Steel armored cable and rubber grom-
met. 

/ Slotted Grommet v 

7 " 
Bulb 

B 3 Œ 3 K : 
Armored Cable 

" L " ] 
Actuator Assembly 

(Not inc luded wi th modi f icat ion) 

When ordering this modification, specify dimension "L", 
Armored Cable Length. Available in from V to 20' lengths. 

MOD. 110—EXPLOSION PROOF HOUSING 
For addition only to Single Switch Models 40-7020XX-XXX 
with standard Double Throw Switch. Instrument can be 
surface mounted only. 

MOD. 25J—SPLIT MOUNTING FLANGE 
For use with coiled bulb "C". Not for use as seal against 
harmful gases or where liquid tight seal is required. 

MOD. 65—ARMORED CABLE AND PACKING GLAND 
The addition of armored cable and capillary tube packing 
gland to a remote bulb type temperature controller (bulb 
styles "A", "B" and "D"). Pressure 400 psi at 700°F. 

U.L. approved switch compartment. Suitable for use in 
Class I, Groups C and D; or Class II, Groups E, F and G lo-
cations. 

MOD. 111—DIAL STOP—INDICATING ONLY 
T h e a d d i t i o n of a s top c o l l a r to l im i t e i ther h i g h or low s e t t i n g of 
po in te r . M o d i f i c a t i o n is f a c t o r y i n s t a l l e d a n d not f i e l d ad jus tab le . 
S p e c i f y t e m p e r a t u r e s e t t i n g des i red o n o rder . 

MOD. 157—MOISTURE PROOF SNAPSWITCH 
The substi tut ion of a moisture proof switch for any s tandard differential 

snapswitch. | N D | C A T | N 6 non INDICATING 
MOD. 157A—Single Switch Controllers MOD. 157C 
MOD. 157B— Dual Switch Controllers MOD. 157D 

MOD. 158—HIGH INRUSH SWITCHES 
The substitution of a high inrush snapswitch for a standard differential 
snapswitch. Applicable to Series 40-702 single switch controllers only. 

MOD. 40-992032-XXX 
Application of protective sleeving over bulb and capillary 
of any "B" style bulb (max. temp. 180°F). Specify desired 
length in feet in suffix number. EX: 40-992032-006 = 6 
feet length. (See note, below) 
MOD. 40-992046-001—INDICATING ONLY 
A feature that wil l deactivate the controller in heating ap-
plications in event of capillary damage. (Can be field in-
stalled, however, only U.L. recognized if factory installed.) 

MOD. 40-992065-1XX 
Application of protective tubing (Teflon®) over the bulb and 
capillary of any Style "B" bulb. (max. temp. 400°F.) Speci-
fy desired length in feet in suffix number. 
NOTE: T h e use of t h i s T e f l o n t u b i n g to o b t a i n c o r r o s i o n r e s i s t -

a n c e is b e l i e v e d to be t h o r o u g h l y re l iab le . However , t he 
m a n y a n d v a r i e d c h e m i c a l s o l u t i o n s a n d o p e r a t i n g t e m -
pe ra tu res do no t p e r m i t a gua ran tee . Each a p p l i c a t i o n 
s h o u l d be c a r e f u l l y eva lua ted . 

Note—Contact factory for UL or CSA listing 
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SERIES 550 and 551 DIN SIZED T E M P E R A T U R E CONTROLLERS 

FEATURES 

• Thermistor and Thermocouple Sensing Models 

• On/Off Time Proportioning and PID Control Modes 
• Full Scale or Nonindicating Models 
• Lead Break Protection 
• Dual Set Point Control in DIN Size Package 
• Easy to mount from in front of panel 
• 10 amp relay outputs or output for solid state relay 
• UL Componet recognized 

The Series 550 operates with standard Types T, K, and R 
thermocouples and is available in six models and tem-
perature ranges from -200 to 2500°F. and equivalent 
Centigrade ranges. (See Table II.) 

The Series 550 is supplied as a single or dual set point 
control. The first point is adjustable 100% of span while 
the second is adjustable up to 20% above or below the first 
set point With on/of f control on the second point either 
high limit or low limit action is field selectable. 

INPUT POWER: 
120,208,240VAC, +10%, - 1 5 % 50-60Hz, field selec-
table. NOTE: the controller will function within rated spec-
ifications under "brownout" conditions down to 15% be-
low nominal line voltage. 

OUTPUT 
Single set point and first set point on Dual point models: 

RELAY (SPOT and DPDT) 
Resistive—10A @ 120VAC 50/60 Hz or SA @ 208/ 
240VAC 50/60 Hz. Pilot duty, 250VA, 240VAC maximum. 
SOLID-STATE RELAY DRIVER 
Capable of driving SSR with isolated 3-32VDC control 
signal input. Instrument not damaged by shorted output 
terminals. De-energized output less than 1VDC. Ener-
gized output less than 32VDC with no load on output and 
instrument voltage @ +10% from nominal; greater than 
5VDC with 200S2 load on output with instrument voltage 
@ -15% from nominal. 
£20mA DRIVER 
Capable of driving with 4-20 mA control signal input. 
Max. load resistance is 750Œ. Instrument is not damaged 
by shorted output terminals. 

20A @ 240VAC with integral heat sink. For availability 
and detailed specifications, consult factory. 

Second set point on Dual point models: 

Resistive-10A @ 120VAC, 50/60 Hz or 5A @ 208/ 
240VAC, 50/60 Hz. Pilot duty, 250VA, 240VAC maximum. 

ADD OUTPUTS: 
4-20 mA models; 10A SSR output; 

20A SSR output 

The Series 551 operates with Fenwal Thermistor Probes, 
which are available in a wide selection of configurations. 
Thermistor lead extensions are standard copper wire. 
Available as single set point, on/of f and time proportion-
ing full scale indicating controller. 
Adjustments for bandwidth and reset are made from 
front panel controls and permit 'tuning' the controller to 
system to meet your particular heating and cooling needs. 
To simplify mounting, Series 551 design allows one man, 
in-front of panel mounting. 

SPECIFICATIONS 
AMBIENT TEMPERATURE LIMITS: 

Operating 32 to 135°F. 
Storage 20to165°F. 

ACCURACY (Set Point and Indication) : 
±1% of dial span under nominal conditions. 

CYCLE TIME (internally adjustable): 
Relay output controller—10 to 20 seconds. 
Solid state relay driver—0.35 to 1 second. 

BANDWIDTH (Prooortioning Units): 
Single set point: 1 to 10% of dial span; front panel adjust-
ment; Second set point 5-20%. 

OFFSET ADJUSTMENT (Proportioning Units): 
Manual reset—Manually adjustable within the bandwidth; 
front panel adjustment. 

CONTROL STABILITY: 
Control point will remain within below stated limits with 
line voltage changes of +10% 15% from nominal; 

On/Off units—±0.25% of dial span. 
Proportioning Units—±0.25% of dial span at minimum 
bandwidth, ±1% of dial span at maximum bandwidth. 

Control point will remain within ±1% of dial span with 
ambient changes from 32 to 135 F. 

LEAD BREAK PROTECTION: 
550— Relay will de-energize upon an open thermocouple 
(500K ohms or greater) with the case grounded, terminals 
TC+ or T C - grounded or floating with either polarity of 
line voltage applied to instrument power terminals. 
551—Relay will de-energize upon an open thermistor 
Drobe. 

DIFFERENTIAL (On/Off Units): 
0.1% of range, typical. 

TERMINALIZATION: 
No. 6 screw barrier strip on rear panel; will accept bare 
wire or No. 6 spade/ring terminals (supplied). 

ADDITIONAL SPECIFICATIONS 
PIO Models only (first set point) 

Reset Rate: 0.1 to 5 repeats/min. 
Rate: 30 seconds nom. 

550 FM Approved Hi-limit 
(Single set point): Output energized above set point; re-
sets automatically on power failure. Provisions SPDT 
models for remote reset. Standard set point adjustment re-
quires a screwdriver. 
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I N S T R U M E N T T Y P E S A N D M O D E L N U M B E R S - T A B L E 1 - S E R I E S 5 5 0 a n d 5 5 1 

Control ler Control Output 

Descr ipt ion Input Mode 
S P D T Relay 0 P D T Relay 

To D r i v e 
SSR 

4 - 2 0 m A 
D r i v e r 20A SSR 

Non Ind icat ing 
Single Setpoint Thermcoup le On/Off 55-001110-xxx 55-001410-xxx 55-001210-xxx 

Deviat ion 
Ind icat ing 
Single Setpoint Thermocoup le 

0 n / 0 f l 
P ropor t ion ing 

PID 

55-001120-xxx 
550003120-xxx 
55-004120-xxx 

55-001420-xxx 
55-003420-xxx 
55-004420-xxx 

55-001220-xxx 
55-003220-xxx 
55-004220-xxx 

55-003620-xxx 

Full Scale 
Ind icat ing 
Single Setpoint 

Thermocoup le 

On/Of f 
Propor t ion ing 

PID 
FM Approved 

High L imi t 

55-001140-xxx 
55-003140-xxx 
55-004140-xxx 

55-002140-xxx 

55-001440-xxx 
55-003440-xxx 
55-004440-xxx 

55-002440-xxx 

55-001240-xxx 
55-003240-xxx 
55-004240-xxx 

55-003540-xxx 
55-004540-xxx 

55-003640-xxx 
55-004640-xxx 

Full Scale 
Ind icat ing 
Dual Point 

Thermocoup le 

0 n / 0 f f - 0 n / 0 f f 
Prop.-On/Off 
P rop -Prop . 
P ID-0n /0 f f 
PID-Prop 

55-011140-xxx 
55-013140-xxx 
55-023140-xxx 
55-014140-xxx 
55-024140-xxx 

55-011440-xxx 
55-013440-xxx 
55-023440-xxx 
55-014440-xxx 
55-024440-xxx 

55-011240-xxx 
55-013240-xxx 
55-023240-xxx 
55-014240-xxx 
55-024240-xxx 

55-013540-xxx 

Non Ind icat ing 
Single Setpoint 
72mm Square 

Thermocoup le Propor t ion ing 55-003010-400 

Deviat ion Ind icat ing 
Single Digi tal 
Setpoint 
72mm Sauare 

Thermocoup le Propor t ion ing 55-003020-400 

Digi tal 
Ind icat ing 

RTD-
Thermocoup le 

On/Of f 
Propor t ion ing 

55-001160-xxx 
55-003160-xxx 

Full Scale 
Ind icat ing 
Single Setpoint 

Thermis to r 
On/Off 

Propor t ion ing 
PID 

55-101140-xxx 
55-103140-xxx 
55-104140-xxx 

55-101440-xxx 
55-103440-xxx 
55-104440-xxx 

55-101240-xxx 
55-103240-xxx 
55-104240-xxx 

*For use with 55-001160-406, 100 Pit RTD (JIS C1604); 
S.S. Coupling type wi th %-18NPT Threads: '/s" dia. probes wi th 2.5" under threads. 

T E M P E R A T U R E R A N G E S - T A B L E 2 
550 Non-Indicating & Deviation Model 

550 Full Scale Indicating Models 

Temp. Range 
Suffix 

Number 
ISA Type 

Thermocouple 
Full Scale 
Increments 

Deviation 
Meter 
Range 

Deviation 
Meter 

Increments 

- 2 0 0 to 400° F - 1 0 1 T 10° ± 5 0 ° 5 
0 to 800"F - 1 0 3 J 10 ± 5 0 ° 5° 

0 to 1200 F 108 J 20" ±100 10 
0 to 2000 F - 1 0 6 K 20° ±100 10" 

1000 to 2500 F - 1 2 0 R 20 ±100 10 

- 1 3 0 to 200 'C 
- 2 0 to 4 3 0 ! C 
- 2 0 : to 650 C 

- 2 0 to 1100°C 
540 to 1370 C 

- 2 0 1 
- 2 0 3 
- 2 0 8 
- 2 0 6 
- 2 2 0 

T 
J 
J 
K 
R 

5° 
5° 

10° 
20° 
10° 

±50 
± 3 0 
±50 
±50 
±50 

5 
5° 
5" 
5 
5° 

Temp. Range 
Suffix 

Number 
Isa Type 

Thermocouple 
Full Scale 

Increments Temp. Range 
Suffix 

Number 
Isa Type 

Thermocouple 

- 2 0 0 to 400 F/ 130 to 200 C 301 T 
F 

10° 
°C 
5° 

0° to 400 F / - 2 0 " to 200°C - 3 0 2 J 5 5 
0 to 800 F / - 2 0 " to 430" C 303 J 10 5 

0 to 1200 F / - 2 0 " to 650 C 308 J 20 10 
0 to 2000 F / - 2 0 " to 1100"C 306 K 20" 20 

1000 to 2500 F/540" to 1370' C - 3 2 0 R 20 10 

551 Full Scale Indicating Models 

Temp. Range Suffix 
Number 

Thermistor 
Probes 

Full Scale 
Increments Temp. Range Suffix 

Number 
Thermistor 

Probes 

50 to 150"F/10" to 65"C - 3 4 5 Note 1 
F 

1° 
°C 

0.5° 
- 5 0 to 150°F/ 45° to 65°C - 3 4 0 2° 1° 

25° to 250°F/0° to 120°C - 3 4 1 
Note 2 

2" 1° 
100 to 400 F/35° to 205 °C - 342 Note 2 5° 2= 
200 to 600 F/95" to 315 C - 3 4 3 5° 2° 

300 to 750°F/150° to 400°C - 3 4 4 5° 2° 

Digital Indicating Model 55-00X160-XXX 

T e m p . R a n g e 
S u f f i x 

N u m b e r 
I S A T y p e 

T h e r m o c o u p l e 

0° to 1 0 0 0 ° F 
0° to 2 5 0 0 ° F 
0° to 1 2 0 0 ° F 
0 ° to 4 0 0 ° F 

- 4 0 0 
- 4 0 1 
- 4 0 4 
- 4 0 5 

J 
K 
K 
J 

T e m p . R a n g e 
S u f f i x 

N u m b e r 
I S A T y p e 

R T D 

0° to 5 0 ° C - 4 0 6 100 0 Pit 

Note 1 — Matched probes must be used for best systems accuracy. 
P.N. 28-232xxx-xxx 
Note 2 — Low Temperature Precision Assemblies must be used tor +50 to 
150°F or -50 to 50°C range. P.N. 28-432xxx-x04, -50 to 150°F/-45 to 65°C 
P.N. 28-432xxx-x08. 

O U T L I N E D I M E N S I O N S 

FULL SCALE INDICATION MODELS 

o\ fo : 

I II II II II II II II 

JtSL. 

•M, 

NON-INDICATING AND DEVIATION MODELS 

ULTIMHEAT® 
VIRTUAL MUSEUM 
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THERMISTOR SENSING TEMPERATURE 
CONTROLLER WITH REMOTE INDICATING 
METER OPTIONS 

FENWAL 

S E R I E S 1 9 4 

F E A T U R E S 
Relay or T r i a c o u t p u t s . . . lead break p ro tec t i on . . . 1 2 0 , 

208, 2 4 0 VAC i n p u t s . . . f u l l t r a n s f o r m e r i so la t ion . . . re-

mote s i n g l e or m u l t i - p o i n t i n d i c a t i o n o p t i o n . . . loca l or 

remote set p o i n t . . . l ine v o l t a g e c o m p e n s a t i o n . . . on /o f f 

or ad jus tab le p r o p o r t i o n i n g con t ro l . . . - 9 0 to 7 0 0 ° F in 

f i v e ranges. 

T Y P I C A L APPLICATIONS 
• T h e r m o p l a s t i c P a c k a g i n g 

• In jec t ion M o l d i n g 

• P h o t o g r a p h i c P rocess ing 

• Hot S t a m p Pr in t i ng 

• Compress ion M o l d i n g 

• Hot Mel t Glue A p p l i -

c a t i o n s 

• E n v i r o n m e n t a l Test 

Chambers 

• S te r i l i za t ion Sys tems 

• P las t i c M o l d i n g 

• Food Process ing 

The Fenwal Series 194 is a versatile, economical solution to vir-
tually any temperature control problem in the - 9 0 to 700°F range. 
These thermistor sensing controllers provide lead break protection 
against both open and shorted leads, a choice of five relay or triac 
outputs, plus an optional meter for full scale indication of from one 
to ten stations. 

Field selectable input voltages, local or remote set point adjust-
ment and flexible mounting options, including a unique "Reverse 
Shaft" feature, provide additional versatility. 

Combined with long-lasting, highly sensitive thermistor sensors, 
the Series 194 offers low cost, accurate temperature control de-
signed to satisfy your most demanding applications. 

Relay Output Controller 

Sensors and Accessories 

Triac Output Controller 

Remote Full Scale Meter 

Multi-Point Meter 
Driver Boards 
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SPECIFICATIONS FOR SERIES 194 CONTROLLERS 

CONTROLLERS 

CONTROL MODES: 
On/Off or Adjustable Time Proport ioning. 
TEMPERATURE RANGES: 
- 9 0 to 700°F in five overlapping ranges (and equivalent Centi-
grade scales). See Tables III and IV for ranges. Other ranges 
available, consult factory. 
INPUT POWER: 
120, 208 or 240VAC, ± 1 0 % , 50-60Hz, field selectable. 
OUTPUT RATED LOAD: 
Re/ay Models — SPDT heavy duty relay rated 10 amps @ 120 
VAC, 5 amps @ 208/240VAC, resistive; 250VA up to 240VAC, 
inductive. 

— DPDT heavy duty relay rated 10 amps @ 120 
VAC, 5 amps @ 208/240VAC each contact set, resistive; 250VA 
up to 240VAC, inductive. 

— SPDM heavy duty relay rated 25 amps @ 120 
VAC, 12.5 amps @ 208/240VAC, resistive; 760VA up to 240 
VAC, inductive. 

TRIAC MODELS — 10 amp model rated per Figure 1 at 120, 208, 
240 VAC. Inrush; 150 amps. 
NOTE: Control ler must be mounted to min imum of 2 square foot 
20 ga. metal panel wi th both sides radiating. 1 amp pilot duty 
model, rated per Figure 1 at120, 208, 240 VAC. Inrush: 50 amps. 

1 amp model 10 amp model 
1.5 l 

1.0 

.5 

FIGURE 1 

30 50 70 90 110 130 150 

A M B I E N T ° F 

5 0 t o 165°F, storage. 
50 to 165° F, storage. 

VIBRATION: 
Exceeds MIL STD 202D, Method 201A. 

AMBIENT TEMPERATURE LIMITS: 
Relay Model — 30 to 130°F, operating; 
Triac Model — 30 to 155°F, operating; 
SET POINT ADJUST: 
Local or remote; "Reverse Shaf t " opt ion for thru-panel mount-
ing. See HOW TO ORDER Section. 
SET POINT ACCURACY: 
Local set point typically 5 % of range. 
Remote set point typical ly 3 % of range. 
NOTE: Accuracies are based on nominal Fenwal thermistor re-
sistance curves. Accuracies can be improved through cal ibration 
to user's thermal system. 

SET POINT STABILITY: 
Will not exceed 2 % of span, f rom nominal, with ambient chang-
es f rom 30 to 135°F and line voltage changes of t l 0 % . 

DIFFERENTIAL (On/Off Models): 
Typically 0 .2°F at mid-range. 

BANDWIDTH (Proportioning Models): 

Adjustable f rom 1.0 to 5 % of range, typical. 

CYCLE TIME (Proportioning Models): 
Relay Model — 15 seconds typical; 10 seconds min imum; fixed. 
10 amp Triac Model — 1 second, typical; fixed. 
1 amp Triac Model — 10 seconds typical; f ixed. 
LEAD BREAK PROTECTION: 
Control ler wil l de-energize heating load on lead break. Power 
cut-off is guaranteed over 1.5M ohms. Control ler wil l de-energize 
heating load on lead short. NOTE: Lead break protection can be 
el iminated if required, any range, for cooling applications. Con-
sult factory for details. 
TERMINALIZATION: 

Relay Model — 3/16" Quick connect terminals. 25 amp model, 6 " 
lead wires, load connections only. 

Triac Model — 9 pin Molex plug. 
Meter — Pin connectors. 
See MODIFICATIONS Section for order ing details. 

10A, SPDT Relay and Triac output and 25A models are UL Component Recognized. TO 

REMOTE INDICATING METERING UNIT 

TEMPERATURE RANGES: 
See Table III. 
ACCURACY: 
3 % of range when meter is calibrated to controller. 
NOTE; Accuracies are based on nominal Fenwal thermistor resistance 
curves. Accuracies can be improved through calibration to user's ther-
mal system. 
SUPPLY VOLTAGE: 
12VDC, supplied by 194 control ler. 

STABILITY: 
Will not exceed 2 % of range wi th ambient change f rom 32 to 
130°F. Will not exceed 1 % of range wi th line voltage variat ions 
of ± 1 0 % f rom nominal. 
TERMINALIZATION: 
Molex connector with 2' lead wires standard. On mult i -point 
models, 12" lead wires with ring terminals for connection to 
channel selector switch. For dif ferent lead lengths, see MODIFI-
CATIONS. 
READABILITY: 
2.5°. Minor scale divisions, 5° on all ranges. 

19-45 Indicating Meter is UL Component Recognized TO # 
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ORDERING INFORMATION—SERIES 194 CONTROLLERS 
T A B L E 

19-404105-100 

TYPE CODE 

PROPORTIONING 0 
ON/OFF 2 

OUTPUT CODE 

RELAY —SPDT, 10A 00 

RELAY —DPDT, 10A 01 
RELAY —SPDM.25A 04 

TRIAC — 1 A 10 

TRIAr 10A w i t h i n , e 9 r a i 
HIAo 1UA h e a t s i n k 17 

SET POINT ADJUSTMENT CODE 

WITHOUT 
LEAD LOCAL 0 

BREAK REMOTE 2 

PROTECTION LOCAL, REVERSE SHAFT 4 

WITH 
LEAD LOCAL 5 

BREAK REMOTE 7 
PROTECTION LOCAL, REVERSE SHAFT 9 

ENCLOSURE CODE 
WITHOUT 100 

WITH" 200 

T A B L E II 

TERMINALIZATION 
MODIFICATION 

CODE 

SPDT & DPDT, 10A output units supplied 
with 3/16" quick connect terminals as 
standard. User must supply 1/4" quick 
connect mating terminals for power, 
thermistor and remote potentiometer. 

NONE 

RELAY 
MODELS 

SPDM, 25A output units supplied with 6" 
lead wires, load connections only. User 
must supply 1/4" quick connect mating 
terminals for power, thermistor and 
remote potentiometer. 

NONE 

One foot long 3-wire conductor cable in-
cluding 1/4" female connect terminals; 
for remote set point potent iometers." 

19-992016-001 

9-Pin Molex connector with six pins; for 
thermistor and instrument power con-
nections of local set point models. 
Unassembled 

19-992058-000 

TRIAC 
MODELS 

9-Pin Molex connector with wire pins; for 
thermistor, instrument power and remote 
set point connections. Unassembled 

19-992059-000 

TRIAC 
MODELS 9-Pin Molex connector with six 2' lead 

wires attached; for thermistor and in-
strument power connections on local set 
point models.*" 

19-992060-002 

9-Pin Molex connector with nine 2' lead 
wires attached; for thermistor and in-
strument power connections on remote 
set point connections.** 

19-992061-002 

**2' lead length is standard. For different lengths, specify desired length 
in last three digits of code number. Ex: 4' = 004; 12' = 012, etc. 

3. Ind ica te the t e m p e r a t u r e range requ i red by se lec t i ng a dial f r o m 
Table III. Note: Con t ro l l e rs w i t h t r iac o u t p u t and local set po in t ad-
j u s t m e n t as wel l as unenc losed relay m o d e l s w i t h local set po in t , 
have arb i t rary 0 to 10 dial p r in ted on the con t ro l board. For spec ia l 
t empera tu re ranges not l is ted in Table III, c o n s u l t the fac to ry . 
W h e n order ing, the dial part No. s h o u l d appear separate ly f rom 
the con t ro l l e r des igna t i on and the te rm ina l i za t ion m o d i f i c a t i o n 
code number . Ex: 19-404105-100 (cont ro l le r ) w i t h 19-992061-002 
( te rmina l iza t ion) and 06-231013-004 (dial). 

"Enclosed, 1A Triac units are not available as standard. 

1. To order a Ser ies 19-4 con t ro l l e r , spec i f y the appropr ia te code 
numbers for (1 ) type of con t ro l le r , (2) o u t p u t , (3) set po in t ad jus t -
ment and (4)enc losure. An e x a m p l e of a co r rec t l y spec i f i ed uni t is 
given below. 

19-404105-100 is a p r o p o r t i o n i n g con t ro l w i t h IA, t r iac o u t p u t , 
local setpoint adjustment, with lead break protection and without enclo-
sure. 

2. NEXT ind ica te te rm ina l i za t ion and spec i f y m o d i f i c a t i o n code 
number , where requi red. W h e n o rde r ing , the m o d i f i c a t i o n code 
shou ld appear separate ly f rom the con t ro l l e r d e s i g n a t i o n . Exam-
ple 19-404104-100 (cont ro l le r ) w i t h 19-992061-002 (mod i f i ca t ion) . 
Note that lead w i res and c o n n e c t o r s are not supp l i ed as s tandard 
on t r iac m o d e l s or relay m o d e l s w i t h remo te set po in t . 

T A B L E III 

DIAL PART NO'S 
For Matched For Precision, 

Temperature or Low 
Range Noncalibrated Temperature Range 

Probes Assemblies 
-90 to 125°F 06-231013-001 06-231013-056 

0 to 200°F 06-231013-002 06-231013-057 
100 to 375°F 06-231013-003 
150 to 525°F 06-231013-004 
275to700°F* 06-231013-005 
-70 to 50°C 06-231013-011 06-231013-058 
-10 to100°C 06-231013-012 06-231013-059 
40 to190°C 06-231013-013 
70 to270°C 06-231013-014 

130 to 370°C" 06-231013-015 

*ln this range, order controller less break protection, (set point adjustment 
code 0, 2 or 4) . 
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19-450534-100 
J 

N U M B E R OF P O S I T I O N S ON 
C O D E S E L E C T O R S W I T C H C O D E 

Single- None 00 
Two Points 02 
Three Points 03 
Four Points 04 
Five Points 05 
Six Points 06 
Seven Points 07 
Eight Points 08 
Nine Points 09 
Ten Points 10 

T E M P E R A T U R E R A N G E ( ° F A °C) C O D E 
- 9 0 to 125CF ( -65° to 50'C) 1 
0 t o 2 1 2 F ( - 1 5 ° + 100C) 2 
100= to 375 ;F (40' to 190°C) 3 
150 to 525'F (70° to 170 C) 4 
275 to 700 F (135 to 370'C)* 5 

*ln this range, order controller less lead break protection 
(Set Point Adjustment Code 0, 2 or 4). 

To order a Remote Indicat ing Meter for a Series 19-4 Control ler, 
specify the appropr ia te code n u m b e r s for: (1.) Number of posi-
tions, (2.) tempera ture range, and (3.) cable assembly. 
Note: Mul t i -point indicat ing units inc lude one meter driver board 
per channel, a selector switch, appropr ia te wir ing harnesses and 
connectors, together with one meter. Factory cal ibrated systems 
are marked to indicate proper channel identi f ication. For example, 
control ler § 1 is marked to mate with meter dr iver board § 1 and 
switch posit ion #1. User must specify whether he wishes the me-
tering unit to be calibrated or uncalibrated. An example of two 
correct ly speci f ied units is given below: 

19-450032-100 = Single point meter with at tached driver board 
and 2' cable assembly. 0 to 212°F and - 1 0 ° to 100°C scales. 

19-450534-100 = 5 posi t ion selector switch, f ive meter dr iver 
board in mount ing track, f ive wi r ing harnesses, one meter with 
150 to 525°F and 70 to 270°C scales. 

If the user wishes a cable assembly wi th lead wires longer than 
the standard 2 lengths (code 000), he must specify, per the fol-
lowing: 

N O N - S T A N D A R D C A B L E A S S E M B L I E S 

M O D I F I C A T I O N 
C O D E 

Single Set Point Units—For connection to 19-4 con-
trol ler—3-Pin Molex connector with three wires at-
tached with quick connect pins. Lead wire length to be 
designated in last three digits. Ex: 4 = 004, 12 = 012, 
etc. 

19-992068-XXX 

Multi-point indicators—For extended cable lengths oth-
er than standard 2 , designate length in last three digits 
of modification code. Ex: 4 = 004, 12' = 012, etc. 

19-99 2074-XXX 

C A B L E A S S E M B L Y C O D E 
Other than standard 000 
Standard, 2' long lead wires 100 

OUTLINE DIMENSIONS 
R E L A Y M O D E L S T R I A C M O D E L S 

f e n w a l 

— 3.402 REF. 

19-4X41XX-100 • 
194X41XX—100 

Like the other componen ts in the 19-4 System, the Remote In-
dicat ing Meter should appear separately f rom the control ler des-
ignation, the terminal izat ion modi f icat ion code number , the dial 
part number, and the p robe part number(s) . Ex: 19-404105-100 
(control ler) with 19-992061-002 (terminalization), 06-231013-004 
(dial), six 28-232103-305 (probes) and 19-450534-000 (remote in-
d i ca t ing m e t e r ) w i th 19 -992074-012 (cable assemb ly m o d i -
f ication). 

R E M O T E I N D I C A T I N G M E T E R 

2.7&S 
(70.231) 
MAX. DIA -
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SERIES 543 CONTROLLER and HIGH LIMIT PROTECTOR 
FEATURES 

• Low Cost 
• Four Models Available 
• Field Selectable Power Inputs 
• Single Pole or Double Pole 

Heavy Duty Relay Outputs 
• Solid State Circuitry 
• Line and Load Voltage Compensation 
• UL Component Recognized 
• FM Approved High Limit. 

Food processing 
Plastics processing 
Temperature control 
Packaging machinery 
Laboratory equipment 

INPUT POWER 
120,208 or 240VAC ±10%, 50-60HZ, field selectable. 
UL Limit is 120/208 or 120/240VAC only. 

OUTPUT 
Heavy duty SPDT or DPDT relay rated 10A @ 120VAC, 
5A @ 208 or 240VAC, resistive, each contact. 
Pilot Duty: 250 VA, 240VAC maximum. 
2A relay rated 2A @ 120VAC, 1A @ 240VAC, resistive. 
Inductive: 20VA @ 120VAC. 
Output to drive solid state relay: non-isolated output, 
20VDC max into 1500 ohms, 5VDC minimum into 200 
ohms. 
SPDM 25A relay rated 25A @ 120VAC, resistive. 

AMBIENT TEMPERATURE LIMITS 
Operating: 32 to 135°F. 
Storage: - 2 5 to 165°F. 

SET POINT ACCURACY 
(at 77°F ambient and nominal voltage) 
Proportioning and ON/OFF mode ls— ±1% typical, 
±11/2% maximum, of dial span for remote set point 
models; ±2% of dial span for local set point models. 
Adjustable set limit models (FM)—±3P/o of dial span. 
Fixed set limit models (UL)—±1% of dial span ( ± 1 . % 
of dial span in 0-700°F range). 
Accuracy based on millivoltage for National Bureau of 
Standards Thermocouple Characteristics. 

AMBIENT TEMPERATURE EFFECTS 
(CONTROL ACCURACY) 

Control point will remain within ±1% of dial span with 
ambient changes from 32 to 135°F. 

CYCLE TIME (Proportioning Models) 
15 seconds nominal at 50% power, Relay Models 2 sec-
onds nominal at 50% power, ALL models with output to 
operate opto-coupled solid state relays. 

TYPICAL APPLICATIONS 
Dip tanks 
Degreasers 
Plating equipment 
Cooking equipment 
OSHA-related high limit protection 

LINE & LOAD VOLTAGE EFFECTS 
(CONTROL ACCURACY) 

Proportioning and ON/OFF models—Control point will 
remain within ±0.9% of dial span with line and load 
voltage changes of ±10% from nominal at any band-
width setting. High limit models—Control point will re-
main within ±0.29% of dial span with voltage change 
of ±10% from nominal. 

BANDWIDTH (Proportioning Models) 
Adjustable 1 to 9% of dial span, 0-800°F range; 0.5 to 
3% of dial span, 0-2000°F range. 

LEAD/BREAK PROTECTION 
Proportioning and ON/OFF Models 

Relay wil l de-energize upon an open thermocouple 
(500K ohms or greater) with the case grounded, termi-
nal TC+ or T C - grounded or floating and with either 
polarity of line voltage applied to the instrument power 
terminals. 
Reverse action upon open thermocouple (cooling load 
de-energized) can be supplied. Consult factory. 

High Limit Models 
Relay energized upon an open thermocouple. 

DIFFERENTIAL (ON/OFF Models) 
0.2% of span, typical. 

TERMINALIZATION 
Instrument power and remote pot: .250" quick connect. 
Load connections: .187" quick connect (supplied). 
Thermocouple: #8 screws. 
Solid state switch output: .093 quick-connects (sup-
plied) 25 amp output: #14 AWG lead wires. 
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Select desired instrument from Table I. 

2. Select temperature range (or thermocouple type) 
from Table II and add appropriate three-digit suf-
fix to catalog number. 
NOTE: For UL Component Recognized (factory-
fixed) High Limit units, specify thermocouple type 
from Table II and add desired fixed temperature 
setting to order. 

3. Order appropriate thermocouples from pages 36 & 
37. See Table II for compatible ISA type thermo-
couples. 

MODEL TEMP. RANGE THERMOCOUPLE SUFFIX NO. 

O N / O F F & 0-800°F J - 1 0 3 
Prop. 0 -1000°F J - 1 0 4 

0-2000"F K - 1 0 6 
- 2 0 to 430=C J - 2 0 3 
- 2 0 to 1100°C K - 2 0 6 

FM A p p r o v e d 0-800°F J - 1 0 3 
Limit 0 -2000°F K - 1 0 6 

- 2 0 to 430 X J - 2 0 3 
- 2 0 to 1100°C K - 2 0 6 

High Limit 0 -700°F T - 1 1 3 
( including UL 0-1200°F J - 1 0 8 
models) 0 -2000"F K - 1 0 6 

INSTRU 
TAB 

MENT TYPES 
LEI 
\ND MODEL Nl MBERS 

CONTROLLER 
SPDT 

RELAY 
10/5A 

OUTPUT TO 
DRIVE SOLID 

STATE SWITCH 

SPDM 
RELAY 

25A 

DPDT 
RELAY 
10/5A 

SPDT 
RELAY 

2A 
DESCRIPTION 

ON/OFF 

*54-301111-XXX 
"54-301113-XXX 

*54-301121-XXX 
"54-301123-XXX 

54-301211-XXX 
54-301213-XXX 

54-301221-XXX 

54-301223-XXX 

"54-301311-XXX 
"54-301313-XXX 

54-301321-XXX 

54-301323-XXX 

54-301411-XXX 
54-301413-XXX 

54-301421-XXX 
54-301423-XXX 

54-301511-XXX 
54-301513-XXX 

54-301521-XXX 
54-301523-XXX 

w / o case S cover, local set point 
w / o case & cover, remote set 

point 
w / c a s e & cover, local set point 
w / c a s e & cover, remote set 

point 

FM Approved 
Limit (Adjust-
able set point) 

54-302121-XXX 54-302421-XXX w / c a s e & cover, local set point 

High Limit 

(Factory- f ixed 
set point) 

"54-302114-XXX 

54-302115-XXX 

"54-302124-XXX 

54-302125-XXX 

*54-302134-XXX 

54-302135-XXX 

54-302414-XXX 

54-302415-XXX 

54-302424-XXX 

54-302425-XXX 

54-302434-XXX 

54-303435-XXX 

w / o case & cover, remote reset, 
120/240VAC input 

w / o case & cover, remote reset, 
120/208VAC input 

w / c a s e & cover, local reset, 
120/240VAC input 

w /case & cover, local reset, 
120/208VAC input 

w / c a s e & cover, remote reset, 
120/240VAC input 

w / c a s e & cover, remote reset, 
120/208VAC input 

Propor t ion ing 

"54-303111-XXX 
•54-303113-XXX 

"54-303121-XXX 

"54-303123-XXX 

54-303211-XXX 
54-303213-XXX 

54-303221-XXX 
54-303223-XXX 

"54-303311-XXX 

"54-303313-XXX 

54-303321-XXX 

54-303323-XXX 

54-303411-XXX 

54-303413-XXX 

54-303421-XXX 
54-303423-XXX 

54-303511-XXX 
54-303513-XXX 

54-303521-XXX 
54-303523-XXX 

w / o case & cover, local set point 
w / o case & cover, remote set 

point 

w / c a s e & cover, local set po int 
w / c a s e & cover, remote set 

point 

*UL COMPONENT RECOGNIZED 

OUTLINE DIMENSIONS 

# 
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THERMISTOR and T H E R M O C O U P L E PROBES 

THERMISTORS 

B A R E G L A S S P R O B E T Y P E 

I 
100 DIA. 

MAX. .012 DIA. WIRE LEADS 

_1 
" L " - H 

28 - 20XOOX - OXX PROBES ONLY 
625 - H 006 
MAX DIA LIAD 

— 2 5 0 f — | WIRES 

t L 
065 DIA 

MAX 

- 500-
" 1 125 MIN " 

B A R E D I S C P R O B E T Y P E 

/— TEFLON TUBING , 28 AWG TEFLON 
INSULATED. STRANDED SILVER 

/ PLATED COPPER WIRE 037 MAX O D 

28 24 PROBES 

2 8 - 2 3 0 1 
V i e " D I A . C A R T R I D G E T Y P E * 

S T A N D A R D P R O B E 
^ r l — 250 

187 DIA. \ 
" MAX. STAINLESS STEEL 

I I Rl 

128-2101 
V s " D I A M E T E R C A R T R I D G E T Y P E 

T 
REF. 
24 ±1 r 

#28 GA. F IBERGLAS INSULATED STRANDED NICKEL W IRE .048 MAX. O.D. 

2 8 - 5 0 & 5 4 
A D J U S T A B L E I N S E R T I O N D E P T H P R O B E 

2 8 - 2 3 0 8 
C O U P L I N G H E A D T Y P E * 

S T A N D A R D P R O B E 

1 I * STAINLESS STEEL 

.125 — 27 N.P.T. 
20 AWG TEFLON IMPREGNATED 

FIBERGLASS LEAOWIRE 
BUSHING 

Fi ts i n s e r t i o n d e p t h s of 1 - 1 / 2 t o 1 0 i n c h e s w i t h s t a n d a r d 1 2 " c a b l e . 
Insta l l bush ing , inser t t h e r m i s t o r p robe to des i red d e p t h and 
t i g h t e n set sc rew in b u s h i n g . 

Special Feature 2 8 - 9 8 2 0 0 5 - X X X ex tends cab les and leads (see page 37) 

•Lead wi re all probes except Vs" dia. cartr idge type and low temperature precision #20 GA f iberglas 

insulated stranded nickel wi re .065 max. OD. Lead wi re on precision low temperature is #22 GA tef lon 

insulated stranded copper wi re . 0 6 5 " max. O.D. 

Al l d imensions in inches. 

THERMOCOUPLES 
C A R T R I D G E T Y P E 

5 3 - 1 1 1 2 0 6 - 0 X X 

. 1 8 7 
M A X . 
D I A . 

_L 

F I B E R G L A S S I N S U L A T E D 

T H E R M O C O U P L E 

W I R E . 0 6 5 M A X . D I A . 
. 0 8 7 

3 . 0 0 0 — H t / 
( I S A COLOR C O D E D ) 

t 

5 3 - 1 1 1 2 0 7 - 2 0 X 

J 
FIBERGLASS INSULATED 
THERMOCOUPLE WIRE .065 MAX. DIA. 
(ISA COLOR CODED) 

I k 
.187 MAX. 

DIA. 

B A Y O N E T T Y P E 
5 3 - 1 3 1 2 0 7 - 0 0 X 

FIBERGLASS INSULATED 
THERMOCOUPLE 

W I R E . 0 6 5 MAX. D IA. 
( ISA COLOR COOED) 

± . 0 8 7 3 6 . 0 0 0 
3 . 5 0 0 A 

. 1 8 7 MAX. D IA. 

[— 3 2 . 5 0 0 
- . 2 5 0 

REF. 

± .062 
. 2 5 0 

C O U P L I N G T Y P E 
5 3 - 1 2 1 2 0 2 - 0 0 X 

V* • 18 N.P.T. 

\ 
REF. 
.250 — -

FIBERGLASS INSULATED 
THERMOCOUPLE WIRE 

.065 MAX. DIA. 
(ISA COLOR CODED) 

I hfcn 

j" (IS-

.625 
—- REF. 

A D J U S T A B L E I N S E R T I O N D E P T H P R O B E 
5 3 - 5 3 1 2 0 4 - 0 0 X 

125 — 2 7 N . P . T . 
BUSHING 

c20 AWG TEFLON IMPREGNATED 
FIBERGLASS LEAOWIRE 
(ISA COLOR CODED) 
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FENWAL 
THERMISTOR PROBES 

- 5 0 to 750°F 
NONCALIBRATED 

- 50 to 750°F 
MATCHED 

- 5 0 to 250°F 
PRECISION LOW TEMPERATURE 

PROBE TYPE 
Not available in 

- X 0 2 or - X 0 8 ranges 
Interchangeabil i ty 
m 1% 

Not directly interchangeable 
May require calibration 

Directly interchangeable 
For indication or dial accuracy 

Bare Probe (%" ) 
dia. Cartridge ( IVz") 

V dia. Cartridge <3") 
Va" dia. Cartridge 1114 " ) 
Va" dia. Cartridge (3") 

28-2OOOOI-OOX 
28-230103-30X 
28-230106-30X 
28-210103-30X 
28-210106-30X 

28-202001-OOX 
28-232103-30X 
28-232106-30X 

28-242003-004,-008 28-240003-004 Bare Probe (%" ) 
dia. Cartridge ( IVz") 

V dia. Cartridge <3") 
Va" dia. Cartridge 1114 " ) 
Va" dia. Cartridge (3") 

28-2OOOOI-OOX 
28-230103-30X 
28-230106-30X 
28-210103-30X 
28-210106-30X 

28-202001-OOX 
28-232103-30X 
28-232106-30X 28-432106-304,-308 28-430106-304 

Bare Probe (%" ) 
dia. Cartridge ( IVz") 

V dia. Cartridge <3") 
Va" dia. Cartridge 1114 " ) 
Va" dia. Cartridge (3") 

28-2OOOOI-OOX 
28-230103-30X 
28-230106-30X 
28-210103-30X 
28-210106-30X 

Bare Probe (%" ) 
dia. Cartridge ( IVz") 

V dia. Cartridge <3") 
Va" dia. Cartridge 1114 " ) 
Va" dia. Cartridge (3") 

28-2OOOOI-OOX 
28-230103-30X 
28-230106-30X 
28-210103-30X 
28-210106-30X 

Std. Coupling Head (11/z") 
Std. Coupling Head (3") 

28-230803-30X 
28-230806-30X 

28-232803-30X 
28-232806-30X 

Std. Coupling Head (11/z") 
Std. Coupling Head (3") 

28-230803-30X 
28-230806-30X 

28-232803-30X 
28-232806-30X 28-432806-304.-308 28-430806-304 

Adjustable Insertion Type 28-500403-30X 28-502403-30X 28-542403-304,-308 28-540403-304 

THERMOCOUPLE PROBES 

Cartridge 53-111206-00X 
90° Cartridge 53-111207-20X 
Coupling Type 53-1212O2-00X 
Bayonet 53-131207-00X 
Adj. Insertion 53-531204-OOX 

Thermocouple Range Suffix No 

- 2 0 0 to 400°F (Type T) -xoo 
Oto 1200° F (Type J) - X 0 1 
0 to 2500° F (Type K) - X 0 2 

TEMPERATURE RANGES 

Thermistor Range* Suffix No 

- 5 0 to 150°F ( - 9 0 to 125°F) 
25 to 250°F (0 to 200°F) 
100 to 400 3 F (100 to 375°F) 
150 to 450°F (100 to 375°F) 
200 to 600°F (150 to 525°F) 
300 to 750°F (275 to 700°F) 

- X 0 8 # 
- X 0 4 
- X 0 6 
- X 0 2 # 
- X 0 5 
- X 0 7 

•Ranges in parenthesis for Series 194 controllers 
For Celsius ranges, see corresponding ranges under specif ic controllers. 

#Not available in matched probe configuration 

NOTES 

PROBE SELECTION 
Noncalibrated Probes are designed for nonindicating controllers. They re-
quire calibration on initial installation as well as when replaced. 
Matched Probes are ideally suited for indicating instruments but can be 
used for nonindicating controllers as well. They do not require calibration 
on initial installation and have an interchangeability of ± 0 . % of scale 
range. In addition, they provide dial and indication accuracies of better 
than 1% of scale range. 
Precision Low Temperature Assemblies may be substituted for Matched 
Probes in applications up to 250°F. Instruments require calibration on in-
itial conversion from Matched Probes; however calibration information is 
included with each probe. When ordering controller and sensor together, 
specify Factory calibration per Mod. 2033 for best results. Indication ac-
curacies are typical ly 1% of scale range. Interchangeability of these as-
semblies is shown below: 

SERIES 
28-242XXX-X04 
28-4X2XXX-X04 
28-542XXX-X04 

RANGE 

m 

SERIES 
28-24XXXX-X08 
28-4XXXXX-X08 
28-54XXXX-X08 

RAN6E 

RANGE 

m 

SERIES 
28-240XXX-X04 
28-4X0XXX-X04 1% 
28-540XXX-X04 

INSTALLATION OF PROBES 
Both types of probes are t ip sensitive. The fol lowing wi l l help insure ac-
curate temperature sensing. 

1. Liquid app l ica t ions—In liquids, a minimum of % inch immersion is es-
sential for good thermal contact. 

2. Solids app l ica t ions—The probe t ip should be in direct contact w i th the 
medium to be sensed. 

3. It is good practice to run leads separate from power leads to minimize 

electrical pickup. 

SHELL MATERIAL 
Type 316 stainless steel. 

STANDARD LEAD WIRE LENGTH 
Standard lead wire length, measured from the tip of the probe assembly, is 
24" for thermistors and 36" for thermocouples. 

PROBES IN SHELL ASSEMBLIES 
Lead w i r e s — m a x i m u m longitudinal pull, 8 lbs. 

BAYONET MOUNTED PROBES 
When ordering Fixed Bayonet mounted probes indicate the total immer-
sion depth. The total immersion depth is the depth of the hole plus one 
inch for Fenwal's standard mounting adaptors. (Cat No. 06-126111-000 
or 06-126113-000.) 
COUPLING HEAD PROBES 
Maximum torque 25 ft. lbs. 
ADJUSTABLE INSERTION DEPTH PROBES 
Standard Adjustable probes wi th 12.00 inches of armored cable provides 
insertion depths of 1.5 to 10.0 inches. 

BARE PROBE ASSEMBLIES 
Lead w i res—max imum longitudinal pull, 5 lbs. 
Dielectric strength 1500 VAC for one minute, both leads to shell except 
bare assemblies and 300 to 750°F range. 

FITS AND CLEARANCE 
The 0.125 and 0.187 diameter probes are designed for insertion 
into 0.1285 (#30) and 0.191 (#11) inch diameter drilled holes re-
spectively. Bayonet style probes require 0.261 diameter drilled 
hole. Adjustable Insertion Depth probes require 0.290 diameter 
drilled hole. 
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FENWAL F E N W A L I N C O R P O R A T E D 

A s h l a n d , Mass. 0 1 7 2 1 6 1 7 / 8 8 1 - 2 0 0 0 ULTIMHEAT 
VIRTUAL MUSEUM 

MODIFICATIONS FOR THERMISTOR and THERMOCOUPLE PROBES 

EXTENDED LEAD WIRE LENGTHS 
MOD. 2A—Lead wire extension is available to any reasonable 
length. Normal lead wire length of 24 inches (from the tip of the 
probe to the ends of the leads) is supplied unless this modi-
fication, and the desired length, is specified. Special lead wire 
stripping also is available on request 

MOD. 131—EXTENDED LEAD WIRE LENGTHS (ALL #20 
AWG)—THERMOCOUPLE MODELS ONLY 

Modification Number Lead Wire Length [ft:] 
Material Min. Max. 

131A Copper/Constantan 0 170 

131B Iron/Constantan 0 150 

1310 Chromel/Alumel 0 85 

MOD. 142—The addition of stainless steel armored cable to any 
0.125 diameter cartridge probe assembly. 
MOD. 150—The addition of stainless steel braid to any 0.125 
diameter probe assembly. 

COMPRESSION FITTINGS 
MOD. 141—(For Cartridge Type Probes Only) When required, com-
pression fittings can be provided for liquid or gastight appli-
cations. This modification is shipped unassembled for installation 
in the field. 

IMPORTANT—All Fenwal lead wire lengths irs miasured from the end of the thermo-
couple probe. Standard thermocouple probes are provided with 36 lead wires and 
the amount of wire extending from the end of the probe is determined by the length 
of the probe. Example: Refer to Cartridge Type Straight Probe—Lead Wire Length C 
beyond end of probe is 33", Length of probe A is 3", therefore, TOTAL LEAD WIRE 
LENGTH B which should be ordered is 36 . 
Determine temperature range, lead wire length and specify appropriate Mod No. on 
order. Example: Mod 131C, 87 inches. 

CABLES AND BRAIDS 
MOD. 135—The addition of stainless steel armored cable to any 
0.187 diameter probe except adjustable depth types—See Special 
Features. 

MOD. 140—The addition of stainless steel braid to 0.187 probes. 

M o d . No 
Body 
Size 

[NPT] 
S e a l a n t 
M a t e r i a 

Fi t t ing 
M a t e r i a l 

M a x i m u m 
Opera t ing 

T e m p e r a t u r e 

M a x i m u m 
W o r k i n g 
Pressure 

A s s e m b l y 
Torque 

A s s e m b l y 
Length 

141A Va-27 Teflon s.§. to 500°F 3000 psi 45 ft lb. 1.187 

141Bt Ve-27 Lava S.S. to 1850 F 5000 psi 55 f t lbs. 1.187 

141C+ VB-27 Brass 
Brass 

Nickel PI to 800 'F 2000 psi 55 ft lbs. 1.234 

141D V.-18 Teflon S.S. to 500 "F 3000 psi 45 f t lbs. 2.000 

141E+ '/«-18 Lave S.S. to 1850=F 5000 psi 55 ft lbs. 2.000 

tTh is fitting cannot be reused. 

SPECIAL FEATURES 

S.F. 53-982005-XXX—Extended Armored Cable and Lead Wire. (Applicable to 
Adjustable Insertion Depth Probes only.) 

Extension of both armored cable and lead wire in 1 inch increments. In-
dicate length required in last three digits. Ex: S.F.53-982005-024 = 24 
inch length. 

S.F. 84—Extended Probe Lengths—This feature provides for ex-
tended probe length, (REF: Dimension "L" on diagrams), any 
probe except the bare probe type, may be extended in increments 
of 1/2 inch. For example, extension would be as follows: 

S.F. 54—Extended Lead Wires for Bare Probe Series—This feature 
extends lead wires of bare probes in one foot increments. Due to 
the possibility of damaging the probe, we recommend that this 
feature be accomplished at the factory. 

Basic Probe Overall Probe 
Length "L" Extension Length "L" 

Vk" 10" i i y 2 " 
2V2" 9 " 11V2" 
3 " 9 " 12" 

HOW TO ORDER 
1. Decide on the type of probe required—cartridge, bayonet, coupling, 

etc. 
2 Next, select the probe configuration, straight, 90= or adjustable in-

sertion depth probe. 

3. Choose the probe temperature range that covers the temperature range 
of your Fenwal Controller and add appropriate catalog number to your 
order. 

4. When a Modification and/or Special Feature is desired, include the 
number(s) on your purchase order. 

5 0 0 HEX 
CAP 

STRAIGHT 
PROBE 

ASSEMBLED 
LENGTH 1 1887 

BODY FOLLOWER 

ISEE TABLE) USED ON 

PROBE REF 
187 DIA MAX 
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DIRECT SPARK IGNITION SYSTEMS & PILOT RELIGHTERS 
for use on heating equipment with power vent or open f lame type burners 

n » 
X 

I 

I m m 
x : 

JÈÊÊÊÈÊÊm 
Fenwal Direct Spark Ignition Systems eliminate the need for con-
stant pilot flame whicn can waste costly fuel. At the same time, 
they utilize standard piloted methods of ignition which are re-
quired for roof-top heaters, residential furnaces and crop dryers, 
as well as industrial applications such as heating glue and solder 
pots, in bookbinding, on printing presses and incinerators. 

HOW IT WORKS: 
1. Input voltage causes solid state capacitive discharge 

system to create spark. 
2. Principals of flame conduction and rectification are used 

to monitor the flame. 
3. Gas supply valve is deenergized if flame is not present 

SUPPLY 24VAC V BLOCK DIAGRAM 

TRIAL FOR 
IGNITION 
TIME R 

N CAS VALVE 
[8ÛRNER f 

Model No Type 

Input 
Voltage 
(50/60 Hz 
Nom.) 

Current Drain 

Ambient 
(°F) 

Gas Valve 
Relay 
Current 
Ratings 

Flame 
Establishing 
Period 
(seconds) 

Flame Failure 
Re-ignition 
Time 
Sec 

Approved 
By 

Ignitions 
Means 

Notes Model No Type 

Input 
Voltage 
(50/60 Hz 
Nom.) 

Continuous 
Duty 
(mA) 

Momentary, during 
Ignition 
(mA) 

Ambient 
(°F) 

Gas Valve 
Relay 
Current 
Ratings 

Flame 
Establishing 
Period 
(seconds) 

Flame Failure 
Re-ignition 
Time 
Sec 

Approved 
By 

Ignitions 
Means 

Notes 

05-12 Pilot Relighter 
24 

120 
240 VAC 

25 50 

40 
to 

+ 165 
No Relay 

Continuous if 
flame is not 
proven 

0.25 

UL, CSA, AGA 
(Cased 
Models 
Only) 

Continuous 
Interrupted 

05-14 Proof of Flame 120 VAC 50 175-250 
- 4 0 

to 
+ 140 

120 VAC 
1.0 a Max. 
24 VAC 
2.0 a Max. 
240 VAC 
0.5 a Max. 

3.3 
4.7 

10 

less than 
0.8 

UL, CSA 
AGA 

Interrupted 

05-15 Electronic Spark 
Ignition Systems 

12 VDC 50' 500 

- 4 0 

to 

+-150 

12 VDC 
2.0 

a Max. 3.3 
6.8 

10 

less than 
0.8 

UL, CSA 
AGA 

Interrupted 

' Including 
Valve 
Power 

05-16 
Direct Spark 
Ignition System 

24 VAC 50 300 

- 4 0 

to 

+-150 
24 VAC 

2.0 
a Max. 

3.3 
6.8 

10 

less than 
0.8 

UL, CSA 
AGA 

Interrupted 

05-17 Purge Timer 

120 VAC 

5 Not Applicable 
- 4 0 

to 
+ 140 

120 VAC 
1 a Max. 

Not Appli-
cable 

Not Appli-
cable 

UL 

Not Appli-
cable 

30 Sec. 
Minimum 

Purging period 

05-18 Flame Relay 120 VAC 

50 175-250 

- 4 0 
to 

+ 150 

120 VAC 
1 a Max. 
24 VAC 
2.0 a Max. 
240 VAC 
0.5 a Max. 

3.3 
4.7 

10 

less than 
0.8 

UL, CSA 
AGA 

Not Appli-
cable 

05-143 
Two-Stage 
Start-Up 

120 VAC 

50 175-250 - 4 0 
to 

+-140 

120 VAC 
1 a Max. 
24 VAC 
2.0 a Max. 
240 VAC 
0.5 a Max. 

3.3 
4.7 

10 

less than 
0.8 

UL, CSA 
AGA 

Interrupted 

NOTE: Ask your local authorized stocking wholesaler or distributor for additional 
information on Fenwal Direct Spark Ignition Systems and accessories. 
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CONTROLS DIVISION REPRESENTATIVE LISTING 

ULTIMHEAT ® 

VIRTUAL MUSEUM 

ALABAMA 

Birmingham, 35223 
Applebee-Church, Inc. 
13 Off ice Park Circle - Suite 22 
(205) 879-4417 

ALASKA 

Refer to Seattle, WA 

ARIZONA 
Refer to Van Nuys, CA 

ARKANSAS 

Central and West 
Refer to Tulsa, OK 

East 
Refer to Memphis, TN 

CALIFORNIA 

Oakland, 94608 
Belilove Company, Engineers 
960 Arl ington Avenue 
P.O. Box 8612 
(415)658-9011 

Van Nuys, 91406 
Pacific Thermal Sales, Inc. 
6740 Balboa Blvd. 
(213)997-1772 
(213) 873-6262 

CANADA 

Pointe Claire, Quebec, H9R 1G3 
Canadian Chromalox Company 
243 Hymus Blvd. 
(514) 697-1131 

Rexdale, Toronto, Ontario, M9W 1R4 
Canadian Chromalox Company 
210 Rexdale Blvd. 
(416) 743-8000 

COLORADO 

Englewood, 80110 
E & M Sales, Inc. 
3990 S. Lipan Street 
(303) 761-6202 

CONNECTICUT 

Middletown, 06457 
Dittman and Greer, Inc. 
Coe Ave. at Randolph Road 
P. O. Box 781 
(203) 347-4655 

DELAWARE 

Refer to Narberth, PA 

DISTRICT OF COLUMBIA 

Refer to Ellicott City, MD 

FLORIDA 

Miami, 33152 
Ludlum Associates Co. 
6925 N. W. 42nd Street 
P. O. Box 52-3337 
(305) 592-6523 

Orlando, 32803 
Ludlum Associates Co. 
999 Woodcock Road, Suite 110 
P. O. Box 6274 
(305) 894-7761 

GEORGIA 

Atlanta (Chamblee), 30341 
Applebee-Church, Inc. 
2375 John Glenn Drive, Suite 102 
P. O. Box 80186 
(404) 451-2747 

HAWAII 

Refer to Oakland, CA 

IDAHO 

North 
Refer to Seattle, WA 

Central and South 
Refer to Salt Lake City, UT 

ILLINOIS 

Northwest 
Refer to Davenport, IA 

Northeast and Centra! 
River Forest, 60305 

Tourtelot Co. 
7716 Madison Street 
P. O. Box 313 
(312) 771-6300 

South 
Refer to St. Louis, MO 

INDIANA 

Northwest 
Refer to River Forest, IL 

Northeast, Central and South 
Indianapolis, 46240 

Couchman-Conant, Inc. 
10085 All isonvil le Road 
Box 40222 
(317) 849-9890 

IOWA 

Davenport, 52801 
Volco Company 
911 Kahl Bui lding 326 W. Third St. 
(319) 326-5233 

KANSAS 

Overland Park, 66214 
Richard Greene Co. 
11882 West 91st Street 
(913) 492-6886 

KENTUCKY 

West 
Refer to St. Louis, MO 

Central and East 
Refer to Cincinnati, OH 

LOUISIANA 

Baton Rouge, 70815 
Ross & Pethtel, Inc. 
12551 S. Harrell 's Ferry Road 
P. O. Box 15223 
(504) 293-0520 

MAINE 

Refer to Ashland, MA 

MARYLAND 

West 
Refer to Pittsburgh, PA 

Central and East 
Ellicott City, 21043 

McCourt Company, Inc. 
9070 Chevrolet Drive 
P. O. Box 627 
(301)465-4515 

MASSACHUSETTS 

West 
Refer to Albany, NY 

West Central 
Refer to Middletown, CT 

Central and East 
Ashland, 01721 

Fenwal Incorporated 
New England District Off ice 
Main Street 
(617) 881-4800 

MICHIGAN 

Grand Rapids, 49508 
Smith Instrument Grand Rapids Corp. 
3685 Hagen Drive, S. E. 
(616) 245-2259 

Midland, 48640 
Smith Instrument & Equipment Co. 
1814 Aust in 
(517) 496-9250 

Warren, 48089 
Smith Instrument & Equipment Co. 
24487 Gibson Drive 
P. O. Box 1066 
(313) 755-3110 

MINNESOTA 

Minneapolis, 55426 
Volco Company 
7505 Highway No. 7 
P. O. Box 26363 
(612)933-6631 



MISSISSIPPI 

North 

Refer to Memphis, TN 

South 

Jackson, 39209 
Ross & Pethtel, Inc. 
P. O. Box 20245 
(601)355-7882 

MISSOURI 

St. Louis, 63132 
Richard Greene Co. 
1235 Research Blvd. 
(314) 994-0222 

MONTANA 

Refer to Salt Lake City, UT 

NEBRASKA 

West 
Refer to Salt Lake City, UT 

Central and East 
Omaha, 68106 

Volco Company 
700 West Central Road 
(402) 393-5141 

NEVADA 

South 

Refer to Van Nuys, CA 

North 
Refer to Oakland, CA 

NEW HAMPSHIRE 

Refer to Ashland, MA 

NEW JERSEY 

North 
Cl i f ton, 07013 

Faber Associates 
P. O. Box 2000 
460 Colfax Avenue 
(201) 773-8900 

South 
Refer to York, PA 

NEW MEXICO 

Albuquerque, 87107 
E & M Sales, Inc. 
2840 Vasser Blvd., N.E. 
(505) 883-8955 

NEW YORK 

Albany, 12205 
The Robert F. Lamb Co., Inc. 
P O. Box 5083 
(518) 869-3355 

Buffalo, 14217 
The Robert F. Lamb Co., Inc. 
1865 Kenmore Avenue 
(716) 874-4900 

New York City & Long Island 
Faber Associates, Inc. 
See New Jersey List ing for Address 
(212) 947-4100 
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NEW YORK (cont inued) 

Rochester, 14622 
The Robert F. Lamb Co., Inc. 
4515 Culver Road 
(716) 544-5580 

Syracuse, 13211 
The Robert F. Lamb Co., Inc. 
160 Pickard Bldg. 
P. O. Box 28 
E. Malloy Road 
(315) 454-2469 

NORTH CAROLINA 

Matthews, 28105 
W. K. Hile Company, Inc. 
833 W. John Street 
P. O. Box 10T5 
(704) 847-9125 

NORTH DAKOTA 

Refer to Minneapol is, MN 

OHIO 

Cincinnat i , 45240 
Arnold & Associates, Inc. 
11070 Southland Road 
(513) 851-7200 

Cleveland, 44120 
Anderson-Bolds, Inc. 
11701 Shaker Blvd. 
(216) 229-4700 

Wor th ington, 43085 
Anderson-Bolds, Inc. 
P. O. Box 123 
(614) 885-3933 

OKLAHOMA 

Tulsa, 74135 
Driscoll Au tomat ic Control Co. 
3545 E. 51st Street 
P. O. Box 74152 
(918) 747-6625 

OREGON 

Refer to Seattle, WA 

PENNSYLVANIA 

Narberth, 19072 
Cl i f ford B. Ives & Company, Inc. 
114 Forrest Avenue 
(215) 839-6850 

Pit tsburgh, 15237 
Gi lson Engineering Sales, Inc. 
978 Perry Highway 
(412) 931-6114 

RHODE ISLAND 

Refer to Ashland, MA 

SOUTH CAROLINA 

Refer to Charlotte, NC 

SOUTH DAKOTA 

Refer to Minneapol is, MN 

TENNESSEE 

Knoxvil le, 37919 
Hile Cont ro ls of Tennessee, Inc. 
P. O. Box 11003 
6712 Kingston Pike 
(615) 573-0700 

Memphis, 38112 
Jordan/Marlar/Hale, Inc. 
426 Scot t Street 
(901) 452-7441 

Nashvil le, 37217 
Jordan/Marlar/Hale, Inc. 
1276 Murf reesboro Road, Suite G 
(615) 361-3006 

TEXAS 

Dallas, 75251 
Don Shuhart Company, Inc. 
12011 Coit Road, Suite 106 
(214) 239-0185 

Houston, 77040 
Gaumer Company, inc. 
13240 Hempstead 
(713) 460-5200 

UTAH 

Salt Lake City, 84101 
E & M Sales, Inc. 
328 W. 2nd South 
(801) 521-2111 

VERMONT 

Refer to Ashland, MA 

VIRGINIA 

Northeast 
Refer to Ell icott City, MD 

East, South and West 
Chester, 23831 

Hile Contro ls of VA., Inc. 
P. O. Box 894 
(804) 275-0799 

WASHINGTON 

Seattle, 98108 
Seatronics, Inc. 
515 South Michigan Street 
(206) 767-6272 

t 

York, 17405 
Cl i f ford B. Ives & Company, Inc. 
2568 N. George Street 
P. O. Box 2006 
(717) 764-8571 

PUERTO RICO 

Hato Rey, 00919 
Badrena & Perez, Inc. 
225 Carpenter Road 
P. O. Box 1839 
(809) 767-2467 

WEST VIRGINIA 

Refer to Pit tsburgh, PA 

WISCONSIN 

Milwaukee, 53215 
Gordon Hatch Company, Inc. 
635 South 28th Street 
(414) 671-6550 

WYOMING 

Refer to Salt Lake City, UT 
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LIMITED WARRANTY STATEMENT 

Fenwal Incorporated represents that this product is free f rom defects in material and workmanship, and 
it wil l repair or replace any product or part thereof which proves to be defective in workmanship or material 
for a period of twelve (12) months after instal lat ion by the buyer but not to exceed eighteen (18) months after 
shipment by the seller. For a full descript ion of Fenwal's LIMITED WARRANTY, which among other things, 
l imits the durat ion of warranties of MERCHANTABILITY and FITNESS FOR A PARTICULAR PURPOSE and 
EXCLUDES liability for CONSEQUENTIAL DAMAGES, please read the entire LIMITED WARRANTY on the 
Fenwal Quotation, Acceptance of Order and/or Original Invoice which will become a part of your sales agree-
ment. Defective units should be returned to the factory, Ashland, Massachusetts, shipment prepaid. 
Fenwal Incorporated wil l repair or replace and ship prepaid. 

M.P.3.3 7/5/75 
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Fenwal CONTROLS TEMPERATURE RELIABLY 

Printed in U.S.A. 

FENWAL INCORPORATED • ASHLAND, MASSACHUSETTS 

Division of Walter Kidde & Company, Inc. 
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