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Bi Metal Differential Surface Liquid -
Rt Expansion Mounting Expansion ! Liquid
Th”a? "’E‘“ : Thermoswitch Thermoswitch Thermoswitch :93“5*0“
WO Controller . Controller Controller 00 Line
2500 ! —_—
FEATURES FEATURES FEATURES FEATURES FEATURES
Monadjustable sel Adjuslable sef point. Small size, low Single or dual snap Single or dual
paint. Close toler- 0.1°F sensitivity. cosl. 10 amp out- swilch. Travelling or swiich. Travalling or
ance. Up to 12 amp Slow make-break, puti120 VAC ad- Independent Differ- Independent Differ
oultpul, Rugged eonstruc- justable set point, ential, ential.
Liewn.

2000 o
UL Component Various head styles. Surface mounting UL Component Dual scale (°F & '),
Recognition. %" cartridge. | brackets available Recognition. 4 Bulb styles.

10 amp cutput, UL Component CSA Certified. Frieumatic and: Prp-
High Temperature Recognition partioning modals:
Models available. available,
1500 (— —
UL Componant 15.amps output,
Recognition. UL Listed and CSa
CS5A Certified. Certified. )
1000 — —
700 i
600
GO0 EE— '
400 ¢
PROBE
TYPE
300
200
MOUNT \
100
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Price Range
L $5-520 | $28-363 | $5-58 [ $29-556 $120-5232
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TEMPERATURE CONTROL SELECTOR CHART

Thermistor Sensing

Thermocouple Sensing

Series 194

Series 551 Series 543

FEATURES
ON/OFF or Propor-
lioning « SPDT or
DPOT relay rated at
10 amps or SPDM
rated ab 25 amps or

FEATURES
OMN'OFF or Propar-
tioning Contraol
Modes « SPOT or
DPDT relay rated al
10 amps or DC out-

DC outpul for solid
siate relays.

Field selectanle
voltage inpuls (120,
208, 240 VAC).
Sensor lead break

put for solid state
relays.

Field selectable
voltage inputs (120,
208, 240 VAT,
Sensor lead break

profsation.
UL Coamponant

Recogniticn,

protection,
Large variety of
thermisior probes

Excellant conirol
pver limited tem-

perallre ranges.

available,
UL Component

Page 29-32
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how to get better

TEMPERATURE
CONTROL

This catalog discusses the varigus consid-
ergtions |n designing a thermal system, sug-
gests how they can be applied, and outlines
some practical rules for designers,

1. What iz a Heated System?

There are four elements in a heated system,
all of which contribute in some way fo coniral
perfarmance.

& Work frr Load - The material or product
which must be maintained 21 3 contrelled tem-
perature The heat demand of the work may be
steady; thal 15, Whe same material must be held
al constant temperature for & prolonged period,
such as a culture in an incubating oven. Mare
commonly, the heat demand of the wark is vari-
able and cychic; that Is, cold material peniod-
ically enters the system absorbs heat, s re-
moved and replaced by another batch of cold
material. An example of 2 variabla system 15 &
molding press which receives a batch of cool
plastic, forms, cures and ejects |t and repeats
e cycle several times a minute

B Henl Swurce: The device which delivers
(e heal used by the systam. The SOurce may
be electrical heaters; oil and gas-fired heaters,
or any other source The process may be ex-
offvermic; i.e, Qenerate its own heat

e Heat Trowsfer Medivm: The material
which transmits the heat from the heat source
to the work. The material may be a solid, Hguid,
or gas. |15 transler characteristics play a large
part in determining how fast lemperalure
changes are fransmitted through the system
and, consequenily, how closely the system can
e confrolied

o, Confrolles: The instrument which controls
the heat flow on the basis of the discrepancy
between the sensed lemperaturé and the con-
frolier's set point.

2 A Practical Appraach 1o Accuracy

The user of a thesmal System s interested in
one basic question: is the temperature control
accurafe enough 10 operate his product or proc-
gss satistactorily? Control requirements are far
|ess stringent in a waftie iron than in a crystal
pscillator oven. Maintaining exacl temperature
in @ wax applicator tank is less oritical than in
a laboratory viscosimeter. The point s that ex-
act contral of -a system 1zkes time care and
mongy. Moreover, it takes highly -sensitive
measuring instruments and indicators—and
frequent recalibrabion In service—to il st
how good the control Is. Eliminating the last de-
gree or fraction of a degree of temperature de-
viatlan is costly and should be done enly for
sound practical reasons

Manetheless, geod control ds attainable with
standard instruments. To be sure, control will
be no better than the capabilities of the con-
troller, but unless the system is designed as an
entity, there I |iitle assurance that the con-
trofler con deliver whiat the user expects of it

3. Whal Altects Canlral Accuracy?

System bandwidth and constancy of mean
temperature are the overall measures of control
acouracy. They are affected by many factors:

1. Temperature Gradiantz—1he range of tem-
perature variation throughout the system
al any given instant

2 Thermal Lag—the lime delay lor a tem-
perature change in one part of the system
to e felt in other parts of the system (See
page 5 ).

3. Location of the Controller's Sensing. Ele-
ment—its placement relative to heat
source and load (See page 5 )
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4 Response Speed and Sensitivity ol e
Controller—these and other characler-
Istics make up inherent controller agcurg.
cy. They determine how well it is sulted
for a given application (See page

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

How the Rest of the System
Affects Control Accuracy

1. Thermsl Gradient

If you were to measuere the temperatures ing:
thermal system at somg inslant, starfing at the
heater and progressing outwards 10 the edge of
the system, you would find that the temperature
drops progressively as you move farther away
from the heat soorce. This gradual drop existing
in asystem is called a thermal gradient

Every operating thermal system has a
geadient at all times. Temperature changes are
ocourring continuously because of heater ey-
cling and heat losses, but these changes are
not transmiffed immediately through the re-
mainder of the system. As a result there s al-
ways 2 lemperature differential or gradient be-
tween points, with the highest temperature ob-
tained at the heat source and lowest at the out-
ar edges of the system. Some gradient is assen-
tial for heat fhow, since heat cannot flow unless
fthere are areas of lower lemperatare o move
inmo

Assume you have a metal bar containing.a
heater, sensing element, and a pelet of material
representing the work load. It you place a sen-
sitlve lemperature indicator al various points in
the bar and record the temperatures existing at
the beginning, middie and end of the opérating
cycle you would obtain three different {empera-
ture curves. These represent the femperatung
gradient in the system at three instants during
its continuous cyclic change from minimwm 0
miaximmum steepnass,

A Al o Crradeent Whin .Uﬂ.s-ﬂu.l‘i'ﬂy
aud Controlling Temperature. Bocaube
bemperature varies along the gradient, it
in tmportand fo weassee temperetare o8
clige gz pogaibile fo the ared gou et ook
troflid | you place the thermometer befween
the wark and the heater, the reading will usual-
ly be higher than the temperature in the work
area. If you measura the temperature al a low
paim In the gradient, for example, near the oul-
pr surface of the system, i1 may well be lower
than the temperature af the work ared

By the same reasoning, the set point of the
controller must be adjusted according to 15
relative location. The closer fo the haater you
get, the larger the ofisel necessary to keep from
shutting off the heater too spon. For example, 10
contral the work at 300 degrees when the sens-
ing element |5 between thie work and the heater,
you may have o set the controlier at 305 or 310
dagrees fo enable the heater to reach a sub




ficiently high temperature 10 produce 3@ useful
temperature rise at the work area

A How to Reduce (rradients: Allhough
thermal gradients are inevitable and necessary,
gxcessive gradients can be troublesome. They
can be reduced in these ways (covered In detall
in following saction):

1. Balancing heater capacity against heat de-
mand. Gradients are influenced by the amount
of heat input and heat losses. Too large an in-
pul will Increase the gradient and the tempera-
fure bandwidth

2 Proper setting and location of the sensing
alement 1o control the duration of the heat
cycle

3. Insulating the system to reduce heat loss.

2. Tharmal Lag

The delay In the distribution of heal through
& system Is called thermal lug. It is prasent to
some exient in every system, It is influenced by
the distanca between the heal source and the
work, and the resistance to heat flow and heat
capacily of the heat transfer madium,

Thermal lag is the enemy of accurale contral
because i1 handicaps the controller. It withholds
from the contraller for & certain interval—which
may b a5 much as several minutes in soma
cases—information about temparature changes
in the system. This lag can prevent the sensing
element from sensing heat demand soon entugh
to defiver the fizat when needed. It can also da-
lay the arrival of heat at the element so long
that the heater has daliverad more heat than the
system needs %o recover from a lemperature
drop. The result in the first case is lemperature
undershoot; in the second case lemperaturs
overshool Both can produce an undesirably
karge system bandwidih.

Since thermal lag can never be entirely alimi-
nated, one of the major prerequisites for close
cantrol s to reduce lag 1o the largest extent
practical and to gompensate for the remainder.
Thermal lag can be reduced by using matertals
and techniques 1o speed up heat distribution,

The remaining lag can be compensated lor by
selecting a controller of sufficiently fast re-
sponse and carefully placing IS sensing ebe-
ment al a point where it can sense important
temperature changes quickly.

Thermal lag can produce misleading informa-
tion for evaluating conroller performance in a
rapidly changing system. In certain systems the
lzg can be large enough so thal, when the sens-
ing element is placed between the heal source
and the work area, the controller may cail for
heat bacause of reduced temperature in ifs area,
while the temperature at the work 15 just starl-
ing to rise as a result of the previous heating
cycke. 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. Salecting tha Heat Transler Medium

The selection of the heat transfer mediem
haz much to do with the amount of thermal lag.
Sofids, lquids and gases are all used as heat
transfer media, with metats probably the most
commaonly used. In most cases the choice is al-
ready fixed by the cost, size, and application for
the thermal system. However, where close con-
trol i5 the first consideration, the following eval-
imation of transter media will be helplul Thay
are listed in order of decreasing preference for
close contral, and, In some cases, 1here may be
averlap batween individual materials in different
classes |
1. Well-agitated liquigs
& Rapidly moving air
3. High-diftusivity matals
4 Low diffusivity solids
5, Stagnant air
6. Stagnant liquids

A, Proper Location of Components

By now it should be clear that a controlier
performs no better than the system permits.
Thermal lag ks one of the major factors in hand-
icapping the controller, Lag can be reduced by
proper cholce of the heat transfer material It
can be further reduced by a wise matching of
the controller with 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 will obtain widely different con-
trol accuracies depanding on the relative loca-
tions of these components.

If the heal source. sensing elemant and work
could be abways groupad into & compact ardg,
there would be little problem with control The
short heat path from the heater would enable
the sensing element to respond guickly to tem-
perature increases at the heater, cycle
frequently and minimize ovarshoot

In the majority of cases this intimate group-
Ing of system alaments 15 not leasible due 1o the
refatively large size of the system and the fact
that the heal source |5 al some distance from
the work area The problem then arises as to
whera to place thé sensing element, Decause

FENWAL INCORPORATED
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moving il away from either the heater or load
affects control in some manner. There is no
single answer 0 the problem. The designer’s
problem s 1o arrive at the best compromise for
fiz thermal system.

When the work and the heal source are sepa-
rated, placement of the sensing element In-
volves compromising the advantages of small-
a5t bandwidih and constan! mean lemperafure
at the work area. Both cannot be attained at the
same time, You must decide which of the two
types of accuracy is more imporfant for your
system

A& T portance of Cyeling Frogueney. Pre-
cision performance of ON-GFF controls reguires
frequent cycling of the heat source. (In systems
using other than an ON-OFF contral mode,
frequent cycling Is unnecessary.) Rapid cycling
produces & series of short bursts of heat which
approximates a steady heal input at the load.
Infrequent cycling, on the other hand, causes
prolonged heating intervals in which farge
guantities of heal enter the system. This resuis
in wide variation in thermal gradieat during the
operating cycle and undesirably Increases the
systam bandwidth.

Although rapid cycling 15 desirable because
it reduces bandwidth, there are practical limits
io be considered. Excessive cycling decreases
the service Iife of confacts and mechanical
components of the controllers, relays, heaters
and other cycled components. The optimum
cycling fraguency is one that produces the de-
sired system bandwidih without excessive wear
on the cycling componants,

Cycling frequency can be reduced by maving
the sensing glement away from the heal source
I this fs not practical, you can reduce It by in-
creasing the termal kag to the alement by som
artificial means, such as insulating the elemant
with a strip of asbeslos, a heal shield or a re-
fiecting strip.

Rapid. advances in the state of the arl of solld
state electronic devices such as silicon con-
frolied rectifiers and thyristors allows their di-
rect replacement for mechanical refays and
controllers in elecirical heating, These solid
state devices can be switched rapldly without
ihe mechanical problems of wear and servicing
However, initial installation costs are somewhat
higher
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i Preferred Component Location for
Varois Thermal Systems. Although in prac-
tice thermal systems are not purely steady or
variable, they usually are predominantly ane or
the other. For such systems, the foliowing rule
of thumb will be helpful: where the heat de-
mand is relatively steady, the sensing element
should be placed closer o the heal source;
wherg the demand is [argely variabie. it shouid
be nearer to the work area

o Liguid ond Gosg Systems In llguid
baths and ovens wherg the heat demand is pri-
marily steady, locating the sensing element fair-
ly ciose to—and above—ihe heat source should
minimize bandwidth, In the arrangement |llus-
trated in Figure X, the element is in an undesir-
able position because the slowly moving con-
vection currants fake 100 long to reach it By the
time e controller can twm off the heater, too
mich heat has already been generated and
overshoot becomes inevitable, Agitation andfor
distribution of the heal sources over the botiom
of the tank will heip shorten the lag in heat
transmission, Increase temperature unifarmity

and improve confrol Howewver, the narrowest
bandwidth will be obtainad with the arrange-
ment lllustrated in Figure Y. Bringing the sens-
ing elemant closer fo 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 fairly close o the heating ele-
ments to reduce the fransfer kag of the con-
vection currents, It may have to be moved
closer to the center of a large owven, where the
heal source |5 also farge, to lower femperature
offsef 10-a point where the temperature will be
mare répresentative of the entire oven. Wher-
#ver feasible, blowers should De instalied 1o
prevent temperature stratification and eliminate
stagnant air pockets around the sensing ele-
ment which can insulate it and slow its re-
sponse, Multipie heaters or coils distribute the
heat faster and more uniformly than a single
concentraied source, and are preferable for that
reasnmn

3. Inzulation is Impartani

Proper insulation has the double-barreled ag-

vantage of reducing heafing costs while jm-
proving control accuracy

Besides saving heat another important fung-
tion of insulation is 1o minimize temperaturg
gradients within the systam, Although gradients
cannot ba eliminated entirely. they should be as
small as possible fo keep the temperature
nearly uniform throughout the system. Reduc-
tion of gradients aiso lowers the offset required
tor 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 |s high but the conduction of
heat away from the system is low. For this rea-
son the system should be thermally insulated
from any supporting structures which will carry
away heat and increase the gradienl This is
particularly important where the heated mass is
retatively small compared with the supparting
structure; for example, a heated platen in &

large press,
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How to Heal the System
1. Sizing the Heal Source

Mo Of OFF system can be controlled accu-
ratety without proper heat balance Heat bal-
ance refers to the relationship between the ca-
pacity of the heat source and the heat reqguire-
ments in a given system. For best control, the
heat should be on 50 percent of the time when
the system is al the desired operating tempera-
fure. The three curves in Figure 4 (liustrate the
gifect of Heal balance on femperature control,
Curve {A) shows what happens when the heat
s0urce i5-too large. The temperature of the sys-
tem rises gharply each time the heat Is wrned
on, causing repeated thermal overshool with
mach oycle Curve (B) illustrates the cantral in a
balanced system (heat-on 50% of the time}
Mote that the rates of heating and cooling are
approximately equal and the deviations from the

8

confrol point are small and equal. Such a sys-
tem will be flexible enough to maintain good
control gvan if the heat demand should increase
or decrease by a fairly substantial amounl
Curve {C) shows what happens when the steady
heat demand excesds the heater capacity, Even
though the heater 15 on continuously, the sys-
tem never reaches control femperature. Even il
the heat is ON 50% of the time under normal
circumstances, mare than double this amount of
heat may be raquired i low voltage combines
with cool breezes or fans. Allowances must be
made for this factor when Selecting heaters 1o
obtain an acfual 50% ON timea,

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

fime, the rating 15 too large and should be de-
creased

Procedure for Proper Sizing of the Heat
Eouree. Two faciors 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 within a specified
time, and (2) the amount af heat required to sat-
isfy the demand of the system (including foss=
e5) during normal operation. Usually the larger
of the two will determine the minimum rating.
Haowever. where the warm-up requirements are
relatively large, special technigues to handie
warm-up conditions can be used

2 Healer 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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as radiant and direct contacl heatess.

A Iustalletion Method, The manner in
which the heaters are instalied can atfect uni-
formity of heat destribution, rate of heat build-up
and hieating costs in the system, as well as de-
terming tha 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 heal conductivity. Good
conductivity improves temperature control and
{engihens heater life: The usual methods of in-
stalling heaters, listed In decreasing order of
heat conduetivity are:

1. Cast imtegral with metal or immersed in

liguids or gases

Time ———s

2 Inserted in hole drilled in metal
3. Placed in groove in surface of matal
4. Wrapped around or clamped to the sur-
face
5. Spaced away from surface being heated
{except for radiant heaters)
Heaters arg manufactured in a variety of
shapes and forms to fit the type of installation,
Cartridge, strip. ring, tubular and immersion are

comman configurations.
u Selecting the Praper Sheath Material

The resistance element and outer sheath ofa
heater are designed for service within cerain
tzmperature limits. if the heater is operated con-
sistently at excessive \emperatures, the healing

Selecting the Temperature Controller

Good temperature control depends on many
mare factors than the performance of the con-
troller alone Neverlheless the type of controller
must 11 the application if the system or équip-
ment I¢ 1o aperzte within the required acouracy
limits. Tha process for choosing a controller
should be hased on the lollowing consid-
erations

1. 'What o Lonk For

A Tomperature ronge: the pparating range
of most confrollers is limited by one or more of
the follewing factors: type of sensing element
type of liguid Nill, mechanical design or com-
struction materials. The system operating tem-
peralures should fall well within he controlber's
operating range, leaving leeway lor possible
pwver and undershoots.

R Rasolution sensitivity: this factor—one
measure of controfler quality—states the
amaunt of temperaturs change that must occur
betorg the cantrolier will actuate |t may be ex-
pressed fithér a5 a specified number of degreas
or a5 some percemtace of the controller's oger-
aling range or scala

In the majosity of confrollers, the sensitivity
1= Bome tixed value, but in many higher-quality
comtrolles the sensitvity can be adjusted aver a
range of values to provide greater flexibility.
The bistter the sensitivity, the narrower the sys-
fem Bandwidih produced, all other conditions
being equal. However, to translate good con-
irofler sensitivity into correspondingly accurate
tontrel calls for caretul designing, heating and
insulating of fhe sysiem as well as relatively
figh tycling rates. For these reasons, unless it
1 actually nesded, high sensitivity should not
bt the ooly consideration In most applications

A controller having a sensitivity of from 2-5°F
will be adequate, i it is properly instatled and
used.

o Speed of rezponse; this factor 15 a meas-
ure of the time it takes for 2 temparature change
ocouering at the sensing element to be trans-
lated into a controller action. This is a distincily
different concept from resolufion sensitivity be-
cause, even though two confrollers may be
aqually sensitive, they may nol necessarily re-
spond within the same time.

Response time depends to & large extent on
the operating principle of the controtier, For ox-
ample; 2 THERMOSWITCH® control will respond
considerzbly faster than an ordinasy thermostat
with an enclosed bi-metaliic element because
its shell is the temperature-sensing element
The housing of the enclosed-element fype on
the other hand, acts as a barrier which slows
up heat transier and Increases response time
Liquid-filied systems are more rapid than gas-
filled systems, because liquids have higher
fhermal conductivities and thus respond more
quickly io temperature changes. Thermo-glec-
fric sensing elements are he most rapid of all
in general, response lime will 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 THERMISWITCH de-
sign). In addition, e probe should be as thin
45 possible and fabricated from a ogood thermal
conductor.

Fast response is important in two types of
applications: (1) where the syslem temperature
changes rapidly and freguently, (2) where the
heat transfer medium is a relatively poor con-
ductor, such as gases or slowly-circulating lig-
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element will fall prematurely and the sheath
mital will deteriorata rapidly.

Corrosion problems must also be considered
when selecting the proper shesth material
When working with corrosive or oxidizing mate-
rials, It 15 wital to select 3 sheath material that
has good cormosion-resistance al the tempera-
tures in guestion. For unusual service require-
ments, consult the heater manufacturer.

o Selecting Proper Watt Dhenszity. Be-
caise of ditferences in heal absorplion and hea
fransfer, there is a limit 10 the rote at which
various types of materials can be heated safely.
If the heating rate Is excessive, the area around
the heater will become overheated This lecal-
ized overheating may deteriorate the material
being heated and damage the sheath and heat-
ing elament,

Heaters are rated on the basis of wat? den-
aity, which Is the number of watls produced
per sguare inch of heated sheath curface The
higher the absorption rate of the materlal, the
higher the permissible watl density for the heat-
er. To aid in selecting a heater which will pro-
duce a safe heating rate, most heater manufac-
turers publish recommendations on allowable
wall densitles for various situations.

yids, Speed of response 15 less important where
{emperatures remain relatively constant for long
peripds. where highly accurate condrol s not
essential. or where proportional control is used.

n Sensing olement dimensions hese
vary depending on the operating principle of the
contraller, OF the eommonly used industrial con-
feallers. liguid-filled controllers are available in
a variety of sensing element configurations
ranging from long, hin to short squat types,
and can be adapted to many fnstallation re-
quirernents, Where space i5 a critical consid-
eration, a midget or minlature THEAMOSWITCH
unit, or @ thermisior element no higger than a
comman pin, will solve the problem

E Method of adjusting setpomi whera
the sensing element must be placed in a loca-
tion that is difficult or hazardoys 1o reach, there
Is little alternative 1o using & remote-sefling
confraller o adjust the setpoint Bulb-and-ca-
piliary controlls can be furnished with capillary
lengths of 10 ft or more; thermistor control
leads can be 200 ft long. However, wherever
adjustments will be accessible while the system
Is operafing, a local-bulb type controller (5 3
good choice, and will be more economical

¥ Comtrol mode: this refers to the method
in which the controller attempls 1o restore sys-
tem temperature to the desired level The two
maost commaon metheds are two-pasitien {on off)
and proportioning (throttiing) contral. Twa-posi-
ten control resulfts in @ certain amount of over
and undershool which may be excessive under
certain conditions. Propartioning control pro-
vides one method for prevénting overshoot by
taimring the size of the correction to the amount
of temperature error. Some Fenwal controllers
are designed 1o operate as on off controls; oth-
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o5 operate in both the on-off and proporbioning
modes. The advantages and limitations of each
control made will be discussed in detail in a a-
ter section.

Z How Temperature Contrallers Work

The operating principle of a controller can
tell @ great deal about the performance fo ex-
pect Most of the commonly-used industrial
temperature controllers today are based on one
of three operating principles. These are: differ-
ential expansion of metals; fiuid expansion: and
electronic. Fenwal manufacturas controliers of
each type,

& Differential expansion controllers:
This tamiliar pringiple 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 commen Glass of tharmostals congists of wo
piaces of dissimilar metals fabricated into a
atrig, coll or disc. As the temperailure changes,
the element tends to warp or distart and the re-
sulting motion can be used to operate a circuit
by moving an electrical confact toward or away
from & mating contact. This motion can alse ba
used to overcome the force of a spring-loaded
datent, which will achzate a snap switch,

A refinement of the differential-expansion
principle s the strut-and-tube thermostat such
as the carfridge THERMOSWITCH unit, and its
midget and miniature counterparts. In this de-
sign, the bimetals are not bonded together into
a single element, bul comprise wo basic paris
o the thermosiat The outer shell is made of the
high-expanding material, usually brass or stain-
lass stoel and the strut assembly iz made from
it low-expanding metal, usuzlly a high nickel al-
ly. 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 15 desired. Be-
cause aach end ol the stut assembly 15 me-
chanically connected to the ends of the shell, a
nel change in force |s produced on the low-ex-
pansion stryt assembly as the high-expanding
shell expands or contracts with changing tem-
perature. The amount of shell movemant naces-
sary to cause the confacts 1o open or close is
581 by an adjusting screw and since this move-
ment i5 & direct function of temperature, the
screw setfings determines the confrol tempera-
ture; This adaptation of the differential-ex-
pansion principle gives several important con-
frol advaniages;

1. Because the outer shell is the active tem-
peralure Senging member, and nol mersly 3
housing, response fo femperature change is ak-
mast mstantansgus.

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

tends fo pull them apart sooner than would be
the case when the temperature is rising slowly
The result is several degrees or more of antici-
patian which help produce closer control

3. The strul-and-contact assambly operates
by slow make and break, which means that ev-
ary temperature change, no matter how small,
causes a comesponding change in the spacing
between fthe electrical contacts. This means
that contact action can be produced by a very
gmall tfemperature change which accounts for
the excellent resolution sensitivity (L1 F) of
THERMOSWITCH contrals. On the other hand,
thermostatic units whose contacts are actuated
by a snap switch or similar defent action, have
sensitivities ol several degrees since a finite
amount of enargy must beé absorbed o over-
come Ihe restraining forces on the contact as-
sembly and this produce contact actsation

4. Since the strut assembly 15 assembled un-
der tension or compression, a properly installed
unit has excellent vibration resistance and will
gperate refiably and accurately under difficult
physical conditiens.

All current-carrying devices tend to heat up
a5 the curren! load increases. This is also true
of THERMOSWITCH wunmits. As current load
ACross its contacts increases, the heat genér-
ated |5 largely absorbed by the strut assambly
on which they are mounted. Heating the -strut
assembly has the same net effect of raising the
sefting of the controfler. For this reason, al-
though the conirol will handle foads up to 10
amps, It produces best confrol at more gon-
servative Inads. Whara the lpads are greater
than 3 to 4 amps, much batter results will be
obtained by using a relay as the load-carrying
alement with the control handling the pilot load
Another alternative, where electrical load ax-
ceeds 3-4 amps and the operating lemperaturs
i5 applicable, is fo use the Series 20000 lguid-
filled thermostat In this unit the current is han-
dled by & snap switch so that the size of the
current load has fittle effect on the coniroller
action.

B Laguid-filled comtrollers: if 8 small con-
tainer |5 completely filled with an in-
compressitle liquid, the volume: of the liguid
will change with the temperature, If the contain-
er Is somewhal elastic, such as a bellows, it
will move in response to the changing volume
of the liguid, The motion of the bellows can
then be transmitted through a push rod or ma-
chanical linkage 1o acluate the contacts of an
elecirical switch, By setting the height of the
switch with an adjusting screw, the amaunt of
push rod travel required fo operate the switch—
hence the operating femperature of the unit—
can be controlled:

There are two basic types of liquid-filled 1em-
perature controllers. The first is the local-bulb
thermostal An example of this typa is the
Series 20000 unit, in which the sensing liquid,
bellows and push rod are all enclosed in a2 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-capillary
contraller, In this typa the expansible liquid 5
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contained In @ metal bulb which |s the sensing
element. The pressure from the expanding Huicd
in the bulb is fransmitted hydraufically to the

bellows through a thin capillary tube 6-10 f

leng, alse filled with the expansible fluid A sep-
arate housing, located remotely from the bk,
contains the bellows actuating mechamical
linkages, indicating mechanism and control
switches, etc. A typical bulb-and-capillary con-
trofler is tha 4040 Ling {indicating),

The liguid-filled bocal bult thermostat 5 in-
fended 0 supplement, not replace the difter-
ential-expansion THERMOSWITCH design.
White the fiquid-filled thermostat is- inherently
less sensitive the use of snap swilches to carry
the electrical load simplifies the circuitry, The
load carrying characteristics of both the local-

bulb and bulb-and-capillary controllers are

quite versatile, since their snap switches can be
Interchanged for various types of service in-
ciuding 20 amps at 120 or 240 voits AC, a5 well
as narrow ditferential, high inrush and manual
resel In addition, switches can be paired to
produce confrof action at two selected tempera-
tures. In the 400 Line confroller, the two-switch
arrangemeant can be furnished to permit individ-
ual setfing or constant differential batween the
two seftings, with indication of one or both set-
fings as well as the process temperature. The
Ferwal 400 Line also includes a proportioning
potentiometric output controller which provides
“straight fine" control when used with propor-
tional positioning motors o valves.

. Thermistor-Actuated controllers!
these controllers, exemplified by the Fenwal
Serles 194, represent a relatively new develop-
ment in temperature control techniques. These
are temperaturg controllers acluated by a
thermistor sensing element, connected by lead
wires 1o an elecironic amplifier, indicating cir-
cuit {If present) and contral circuit all confained
in 8 separate housing or chassis: These oon-
frollers offer unusual advantages, They are
highly accurate and mechanically rugged, have
excellent stability with age, utilize a small sens-
ing element ragquire 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 thermisior is a semi-conducling material
made info tiny beads or other shapes by sinter-
ing & mixture of metallic oxides. One of the out-
standing attributes of the thermisioes is that
fhelr electrical resistance decreases rapidly per
degree of emperature rise. Compared with the
sansing elements wsed in other types of lam-
peralure confrofiers, e, resistance bulbs and
thermecouples, thermistors produce a very
large working “signal” Some thermisiors un-
dergo a thousandiold change in resistance be-
tween 100 and B00 F, while a resistance bulb
may change in resistance by a factor of only 2
over the same temperature range. The outpul of
the commanly wsed iron-constantan harmao-
couple varies over an-aven smaller range of val-
ues at these temperatures.

Since a relatively small change in tempesa-
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 & properly designed system,
The sensing and contral circults are relatively
more compact, less subject to mechanical
shock and generally require less maintenance
than those used with a thermocouple or resist-
ance bulb.

n. Thermocouple Actucted Controllera:
exemplified by Fenwal Series 543 and 550 rep-
resent the latest developments in solid-state
glecironics employing integrated circuits and
relay or solid-state thyristor outpuls. The
thermocouple Sensar consisis of two wires of
dissimilar metals joined at one end called fhe
“hot" or measuring junction, while the other
ends become the referenca junction. The refer-
ence or “cold” junction is held constant at ei-
ther 32°F (mefting ice) or calibrated 10 an
equivalent EMF value, The temparature or dif-
ference batween the hot and reference junctions
develops @ OC millivoltage that is linear with
temperature within & few degrees. This signal is
fed into a bridge balance potentiometer which
measures fhe EMF output and, with amplifica-
tion to @ usetul level, contrals process tempera-
ture through the operation of a relay or solid-
siate device,

The overall thermocouple range 15 —300°F 1o
approximataly 4000°F and Is derived from sev-
gral base metal combinations such as ron/con-
stantan, copper/constantan, chromel/alumel and
nobie metal combinations of platinum or plati-
num/rhadium with rhodium In varying per-
centages.

Thermocouple wires are avallable In com-
mercial and premium grades wilh wire error
limits within 2 F. Thermocouple SEnsors gener-
alty have a response time abaut ten fimes better
than a resistance temperature detector and are
fip sensitive,

E The Platinwm Resiztance Towper-
ture Detector (RTD); difters from a thermo-
couple In that a finely wound platinum wire
changes its resistance directly with fempera-
ture. This eliminales the need for dissimilar
metals and cold junclion compensation,

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

d. Types ol Conirel Action

A OOl (two position)

B. Proportigning (throttling)

£ Proportioning plus Integral (automatic resat)

0. Proporfioning plus Integral ples Derivative
rate)

& Ohi-aff comtrol: in en-off control the con-
rolter permits the controlled element (heater
valve, elc.) 10 be completely ON or OFF. open or
closed Mo imtermediate position s possible As
a result, the size of the corrective action has no
rakation fo the amount of lemperature deviation,
Full heat {or other action) is supplied regardless
of whether the temperature s 2° or 20° below

the sefpoint The heal stays until the controller
senses that the system lemperalure corre-
sponds 10 the setpoint (or more accurataly, the
higher limil of the controller's operating band-
width).

The end result of two-position control is that
the system temperature oscillates continuously
dbove and below an “average” system tempara-
Iure, Thie slze or amplitude of thase osciliations
determine the system's bandwidth and they are
governed by many design factors which hawve
aiready been discussed.

1. Adjustable ditferential; most on-off con-
froliers have a fiked operating differential b
in some more elaborate controllers the oper-
aling differential can be varied to suit the appli-
cation. Operating differential is the “dead zone”
ar the difference between he temperatures at
which the controller opens and closes its con-
facts.

The chief advantage of increasing the oper-
ating differential 15 to decrease the cycling rate
and thus the wear on switches, heaters and oth-
& cycled companents. However, reduced cycl-
ing atfects controi,

Sinca the system bandwidth s strongly in-
fluenced by cycling frequency, the operating
differential of a controlter, if adjustabla, should
ba increased judiciously, The best choice (s the
one which will reduce the cycling frequency of
the equipment as much as possible, without
producing an excessive temperature bandwidth
in the system.

i Proportioning control; in proportioning
control the controller recognizes  the deviation
from the setpaint and proportions he correciive
action 1o the size of the deviation. The propor-
tioning action occurs when the system fempera-
ture falls within & range of 1emperatures known
as the proportioning band. At the approximate
center of this band i5 the desirad System fem-
peratura,

In true proportioning confrol, the controlled
elemant, for example a vaive, can be movad o
any position from 0 fo 100% open, 85 required
by the size of the dewiation from the conftrol
pcHnt.

The virtue of proportioning caontrol is that the
system temparature 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
ovarshool or undershoot This action is particu-
karly ‘helpful in systems which go through
frequent work cycles where the system s
cooled down by the addition of cold material
and then must be brought up to temperaturs
quickly. Under these conditions, the kempera-
ture tends to overshool in each recovery cycle
and the throttling 2ction of proportioning con-
frol 15 most helpful in combating this tendency,

1. Selecting the proper propertioning band:
ideally the proportioning band for any particular
gystem should be just wida enough 1o accom-
modate the time lags in the system.

The proportioning band for a given sysiem
can be established by operating the system at
the desired temperature with the controfier
functioning on the on-ofi control mode &l min-

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

imum ditterential and noting the limits of over-
shoot and undershoot encountered. The propor-
tioning band should then be s81 10 Just excesd
hese temparatiine Excursions.

2. Dyoop: there is, however, an inherent limi-
tation In proportioning control. The size of the
corrective action depends only on the sge of
the difference between the system temperature
and the setpoinl. But this corrective action can
fit only one set of equilibrium conditions. A pro-
portioning controller cannol correct the walve
position without a change in sensing element
temperature. This will resull in the system
being controlled a1 progressively lower tem-
peraturas having, in efect, a "droop.

However, by the naturg of propartioning com-
trod, the droop cannot go below the lower limit of
the proportioning band under normal operating
conditions. Thus, a narrowing of the band will
reduce droop. Droop can be correclad by reset-
ting the setpoint above or below the original set-
ting or by rofating a manual reset adjustment (it
provided) so that the system stabilizes at the
desired temperature. Droop also can be cor-
rected by adding INTEGRAL ACTION o auts-
matic raset 1o e controller.

In this variation (P1), the integrator adds a
signal to the controlles action 5o that the outpu
of the controlier is proportional 1o the time in-
tagral of the inpul |n other words, reset recog-
nizes e deviation between actial process tem-
perature and setpoint and supplies a signal 1o
corract tor this deviation. Thes signal moves the
proportioning band up or down to cause agree-
ment over a period of time. By design, reset ac-
tion eocours only within the proportioning band.
This type of operation is termed o have andi-
resed windup which prevents a large resef
charge causing overshoots on startup,

4, HELPFUL HINTS FOR ADJUSTING PRO-
PORTIONING CONTROLLERS

A Rapid cycle time provides better control
and prolongs heater lite; it relay output is used
retay life is shorlened.

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

C. Automatic reset adjusted properly elimi-
nates droop. Too fast a resel rale causes un-
stable gperation (system oscillates). With too
little reset rate, System response is siow.

O, If rate time constant is oo shorl, over-
shoot ocowrs (virtually no ratel If rate time con-
stamt is 10 long, escillations can be caused by
on-off action.

E. System Startup: Adjust reset for lowest
repeats per minute (largest reset time) and rate
for shortest fime. This |5 essentially proportion-
ing only control. Adjust reset in incremental
steps 50 That troop is eliminated with minimum
amount of osciltations. Adjust rate 5o that slight
power line changes are nullified in shartest pe-
riod of time without oscillations.
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General Operating Techniques

1. Preveatisg Overshoo! During Warm-Up

Im many thermal systems the femperature
must never excesd 3 certain maximum. In such
systems the possibility of overshoot, parficu-
larly on initial heat-up, can be 3 sefios prob-
lem.

A Awheipafion: two types of controllers
can peoduce the anticipation needed 10 prévent
overshool during warm-up cycles: proportion-
ing and differential expansion. Proportioning
conrol is, of course, highly effective since i
continuowsly reduces the haat input a5 the tem-
perature rises toward the satpoint The advan-
tages and limitations of proportioning control
have dlready been described.

When the expense of a proportioning control
15 ot justified, the differential expansion THER-
MOSWITCH unit will produce & considerable de-
gree of anticipation, The amount of anticipateon
produced increases with increasing rale of 1em-
perature change i the system. Where over-
shool s a particular problem, varlous THER-
MOSWITCH onits can be-supplied to produce
iive desired degree of anticipation for any par-
ticutar application.

Location of the thermostat with respect to the
heater alss will affect the amount of anticlpa-
tioie The shaorter the dist@énce between the heat-
#r and Mmermostat the greater the anticipation
aifacts,

b Ertra semrm-up healers—single ther-
sneefanf eonfeol) anather approach 10 obiaining
rapid warm-up without overshoot 15 fo use two
sofs of heaters. The circuil is connected so that
the heaters will operate during the warm-up
oyele, but when the control tsmperature |s
closely. approached or reached, one of the heat-
#re 15 switched out of the circull leaving sul-
ficient capacily to defiver the basic control
heal. Both heaters can be operated by a single
thormosiat, provided some switching mecha-
nism s inserted to reduce heat inpul after the
first cycle: For example, dering warm-up one of
thi heaters can be connected to a holding relay
in series with Ihe temperatire controller. After
the first controfler cycle, the relay and ifs assg-
ciated heater drop out of the clrcuit

Another way 1o reduce warm-up heat using
|ust one thermostat is o reduce the voltage
Supply alter the warm-up interval This can be
accomplished by using a voltage selector relay
which switches the power supply from 220
volts to 110 voits atter the first cycle, I desired,
a variable trancformes can be inserted in the
bowe voltage power supply ling 1o provide ex-
actly the proper voitage for the heat output re-
guired by the application. Aelay action can also
ba applied in other ways, such as changing the
connactign of two heaters from parailel to
SETiBS.

This general technigue of using high healing
capacity for warm-up has one significant limita-
fion. 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 haaters clase to the thermostat so
a5 to produce an extra amount of anticipation.
Since this healer will be inoperative after the
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wirm-up interval it will no! produce excessive
anticipation which might interfere with control
under normal operating condition

C. Extra warm-up heaters— too Hhermo-
stint control the use of two thermostats, In-
gtead of one, can permit rapld warm-up without
gither producing overshoo! or requiring any
compromises in control during the normal oper-
ating cycle. The added thermostat |s set fo ac-
fuate at 3 temperalure lower than the desired
svstem temperature and switches off the warm-
up heaters at some selectad temperature. In the
Inferest of reducing warm-up time, the setpoint
ot this thermostat should be as close as pos-
sible 10 the control temperature withoul produc-
Ing overshool. The warm-up thermostat and its
heaters. should be etectrically independent of
1he contrel heaters and their thermostal Anoth-
gr alleresative is to use @ Step-down voltage
supply arrgngement to supply the heaters, us-
Ing the warm-up hermastat 1o switch from the
high-to the low-voltage source throwgh @ refay

2 Installation and Service Tips

One of the trulsms of control is that the con-
froller can respond only to what its sensing ele-
menl “sess,”" Here are some imporfant points
which will insure thal the sensing bulb does its
job-accurataly

A, l|“r||g.l|'.l' liw i Fid i) r.l.j'- RORETI l'.fl'llu'.u i: iI'I
an earlier section we discussed at length the ef-
fact of locating the bulb at various points be-
tween the heat source and the |oad,

In large chambers and long ovens, where
Iterg i a continuous fiow of work in-and oul it
Is sometimes Impossible 1o place the sensing
alement at a point whiere the temparatuee is rea-
sonably representative of temperatures alse-
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
sévéral controllers, each controlling a group of
heaters, spoftad at infervals akong the direction
of fravel In this way each controller can be ré-
sponsive 1o the tempecature gxisting at its par-
fiutar location, and no undue reliance |s placed
on the ability of any one sensing alement to re-
spond 1o temperature changes at remolg points.
Remember that temperature gradients exist in
every svstem and unless it is placed right at the
poir where the Wwmperature must be cantrollad,
the setpaint of the controller will have to be off-
=al to compensate for the lemperature differ-
ence existing & 1he sensing element’s location

W Ginend s talletion prodctice

1. Immerse he bulb completely, The sensing
glement must be completely immersed in the
controfled medium, whether gas, liguid or solid
i order fo give acourate response, 1T 1t 15 only
partly immersed, the temperature reported to
the controller may not ba the actual lemparaiure
in the system, but an average of system tem-
perature and the temperature around the ex-
posed surface of fhe element It should be in-
sulated from brackets, bushings, etc. which are
nel at the same temperature as the bulb or
which can conduct heal away o cooler parts of
the structure. Otherwise it will be cooled and
SENsE a lower lemperature than e one actually
axisting
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2. Help the sensing elzment to “see”
condition which tends to insulate the s2nsing
element will siow down 15 response and in-
troduce control inaccuracies, regardiess of how
good the contraller is. When installed in an

oven, the element must be installed where it is
Exposed to moving air and should not be buried:

fn brick work, oven walls or shiekded by some
structure which will prevent its full length from
baing exposed. I should be placed so that
cannot be covered by accumulations of dirt
scale, sludges or any other materials thal will
insulate it from the process. Where such as ag-
cumulztion dees occur, clean the sensing ele-
ment as often as necessary.

When the sensing element |5 imbedded in &
golid, such as a platen, bearing etc, thers
should be minmum clezrance between it and
tha sofid. Any air space will 321 35 an Insulator,
The element should cantact as much of the sur-
faca a5 possibie. Thus, It should be cylindrical
over its entire length. rather than tapersd, to
permit complete contact with the sides of the
spekel A special heat transfer compound can
alzo be used o fill in valds and irregularities in
the fole

In Nguids and gases, good heal transter be-
twean ihe sensing element and the medium can
be abtaingd anly if the fluid is moving fast. For
that reason, the elament shauld be placed Inan
active moving stream which is part of the gen-
fral circulation of the system. in addition, with-
out good circulation, there will be hot and cold
spots in the system as well a5 a large sensing
lag.

Do not lpcate the sensing element close 1o or
paratie] with walls and ducts thal may be con-
siderably hoter or cooler than the gases or lig-
uids flowing past it Watch out for radiation
from hot surfaces or from the heat source: im-
pinging diractly on it This type of radiation can
make the slement considerably haotter than the
actml temperature around it and caose what
appears o be an offset in calibration If it is not
possible o avoid radiztion by refocation, install
a shield to intercept the radiation before it can
heat the element

3 Physical protection: install the sensing
tlement where |t cannot be knocked or jolied by
moving parts of the system, doors, frays, ete: Ta
pratect It against corrosion and chemical at-
fack, use stainless stael sensing slements and
capillaries or install i1 in a thermal well of a
COrOSion-resistant matal

Besides profecting fhe sensing slemant, ther-
mal wells are 5 great conyvenience wherever It
must be inserted through & tank wall, sinoe. it
can be removed for riplacement or adjusimant
wilhou! draining the tank. To insure good heat
transter, make certain It fits smugly in the well
Whera the clearance I excassive fill the air
gap with @ conducting material such as graph-
ite metallic filings or powder. (Qocasionally,
open wells, which are simply open-end pipes
are used 1o protect capillaries from vapers and
oifer 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-
plikary out of range of the vapors.
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@® THERMOSWITCH® Typical Applications

Hydraulic Laminating Presses Typesetting Machines

TEMPERATURE Label Adhesive Applicators Livestock Watering Fountains

Dﬂgirﬁi Cookers Textile Platens

Respirators Paint Drying Equipment

CONTRO LLEHS Vending Machines Hot Snzpngrinﬁgm“
Milk Pasteurizers Tropical Fish Tanks

These Fenwal THERMOSWITCH Units are strut-and-tube type
thesmostats comprised of two basic parts (1) the outer shell—
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
confracts with changing temperature. The temperature at which
the contacts make or break can be regulated by a temperature
adjusting sleeve.
Series 17000 Cartridge *UL Componan recognized wniks CATALDG | TEMP | COMTACT OPERATION SHELL AND CURRENT RAT|NGS
. NUMBER | AANGE* 0N TEMP. RISE HEAD MATERIAL (MAX. RESIETIVE}
nol mted for [C operanar .
- - AG
— [ dis oA r—-”um st gy = ALl 20
= BAASS [ i
170210 CLOSES
e g s |7 k. D
T B a3 -
shoai be iged 15 recaive ocating b o — 2718 0 _.l'_" L1 -X [ E— OPENS of gl
uraing ean the tomperaiare adiesing 475 7O 628 BIOF 55 SHELL 2 ampeig
. R ey - = AT ROGM TEMP, 17020 GLOSES 120 veits
Series 17100 Hex Head w -
[ | ;
CRL] 1Top-a |- 100° tn (IFENS I‘E
ALL
iy, ewer M wns g | R
I 1B ; vl L Vi CLOGES ﬂgmu
oG
; _m' | TR i OPENS 32 2
Hiacs ) e Intermad feahures of the Cartridge 100" nﬁi
'. T m-hmhwmm -m l: i-“kf;m_'w | B00°F a%fasmfﬁ':u'h 2 sy
mmmm ke muﬂlﬁﬂ.m o = = 1230 CLOSES 120 woits
be supplied with this model 378 10 628
AT ROOM TEMP,
series 17200 Block Head t'.'u.'::l
H \pon0a |- 1007 OPENS ai AC
400°F BRASS 1;33@@
— 172.0 “ CLOSES 5
gmnu“? m;m - u?im-ma GE mmmﬁ
ﬂmTEﬂ . mlq‘? tl“ dlﬂf*:a | ! | 172020 |_ 3007 ae OPENS E i g:}gﬂ
N E B over lead wires, [N T L e — B 55 SHELL
glands cver Imad wires, and tamper l: 4.381- 06 - i 222340 CLOSES BRASS HEAD Emﬁ
ﬁ e iy h b ars 1o 25 ! b
AT ROOM TEMP
Series 17300 Flange Head
[ sarmca I =YY - PENS L
3 [ ALL
i P | L00°F BRASS 1.Ilm.
.r'-':'_ :‘:}l. [Hr i °. ..L. 173210 m @ CLOSES Hgmn
(@0, J—m y
Has all the fnatures ol the Blo g .u‘n .-—:ur.» it ——r § | W s ks o zﬁw
8 ok Head T = = &l | H0F 55 SHELL ?
el i fngs s o v | g - T A | 1z cLoses WASSHERD | tomvoie
L el —

"Factory Ttm__ugfnm Setting Tolerance (Mod #3); REGULAKR TENSION {Indicated dyloliramees  Decimal THmsmziona 603 Lo ofAeroie g fipd
;m and 6;:1:,.-‘1{“ °'r E"Jmﬁmﬁrfmﬂ ﬁ.ﬂ;—lﬁ“ ffmgﬂ"s%!g&l”ﬂgﬁﬁg F Kecogmized wwder the ﬂ!mﬂ.n_urrnf Frogram of Underwriters Loberrtories, fne
fIndicated by dth and 5th digits of Catalng Number, ie, 21 or 33)—t 8% or 3% of Setting - L mderwriters Laboratorics Listed

Value (whichever 18 groater), IIE Cortifiod by Convedion Slomdardn Avsootion

1M




FENWAL FENWAL INCORPORATED
Ashland, Mass. 01721 617/881-2000
THERMOSWITCH® TEMPERATURE CONTROL

Serles 17800 - 4208 B CATALOG] TEMP. |CONTALCT OFERATION SHELL
dunction Box =" E a3 un | HUMBER | RANGE®  OM TEMP. RISE AND
Immersion 1 HEAD
! ‘ — 2 b ] MATERIALRESIS
=7 : 1--—|— ! [ [-1007 10
i 178000 A
Has slecinc conduil junciion box con- ; | ff& Dpona B.-'-lf
taining terminal block, lemperalure sd- ~TrEETe]| nss
justing dial and knob. Extanded hex- ol b Juia {240
sgonal saction with sandard pipe 1TROE-
thread parmits easy mounting e Yy dd wey - — 100" %o Oy SLEEE:;!MM
properly tApped hole or boss, immers- e 178za.0 | S0O°F Ciloasa Bra
ng | inlo flusd medium o be con- wrs o, Hm:;
trolled. Dual and knob can be provided oPLNG
putssn:a boy UL listed units pot rated for DC operation =
Series 18000
i T . TA £ CONTAGT OPERATION
houpling i e BV | iﬁu&ﬁnlmﬁ- ON TEMP. FISE AT
Head E‘”’ BIS L WIANRT | MAX
1 &8 f # | A 'Enmﬂﬁﬂm
; o " T e "
Tha Coupling Head unit nas & hex- _{ll | 1B000-g | -190° to Opene Al R .
-gnnllnmu:r“ng seciion with standard Tl i == ATQ 15_5 — Brast Lo Uﬂllrﬁ
male pipe hresds al sach end, eiher I Oe— R IV A i KA
of which may be used for mounting, | | 18002-0 | 100 Opens R i
This unit may e directly attached io - AG56- M2 =f o0 TO 2% 00 F“" s 3 o
edecirical conduits or eaplosion-proof AT BODOM 5.8 Shall 5
irkenr i 18623.0 Clissgs e ag E:h
Head 120 Valls
UL Componan! recognized units nol raeed for DC operat
Series MOISTURE RESISTANT UNITS
370000 e {Euma TEMP, |[CONTACT OPERATION 5:"5:'3‘- CURBENT|
Qartridge style moisiure resistan = .-"$| | s e e s |“UMBEF|- AANGE®| OMN TEMFP. RISE HEAD RATINGS
Tharmaswitch® controlles in ranges up B v LS ATEFIA
fo 4}°F. For apphications where
fumes and acids are present or whese | 104 @
el pmant maust be washed down 370000~ | ~40° w0 | a2t
000 400°F Dypns B & snel| 20 VAG
L]
| n | 240 VAG
Series
371000 CATALOG TEMP. |CONTACT OPERATION o) Eﬁ@
NUMBERIRANGE®*  ON TEMP. AISE AT .
Hex head style of above AATERMAL
| 104
1000- | —40° ba | a1 | 136w
gl e Ostiieey sgsheml
w 280 VAR
Seriea 3 ‘ CORROSION RESISTANT UNITS ‘ -
All Purpose ; Ak [CATALOG) TEMP. |CONTACT OFERATION| “arn- | CURRENT]
— ' WUMBEF |AANGE" ON TEMP. RISE HEAD | RATINGS
G 250 {.—nﬁv MATERIA A:m,' -
= Cemplele wilh extended -
sholl dial snd kot Bnd —ﬁ: DHA. 17502-0 r—— 12155 20y
plug connector. Provided i — 10a’ Shall I3 -
with molsture-prool & - I 800 °F. oc ¥
mared cable and 0" fing I j l; TFE03-0 Clones Block b DG
seal around bermpesalire i ; and Cable 28 5"9@
Bdjusting shasva | i TR Asnemibiy P
AT SET 20
|' — BBET- 06— e POINT =
Series 1" HEE  § GATALOG TEMP. |CONTAGT OPERATION Rils~ | CURRENT
18000 — o e ™ | NUMBER| AANGE®  ON TEMP. RISE HEAD | AATINGS
Coupling Head — ."? i L5-14 NP.T, BAA TERLA [
— b 10 @
1BD0Z-21| 100" 1o Opens ol -
Unil has a hesagonal metting section with stan-
dard male plpeﬂ?r!ads at each end, eifer af which T 18023-7 | B600°F Closez NEER DZ‘;CIV
mlyb&md for mwrtln-u. Type 316 siainless sieel A @
ks wsed throwghout for resistance against corro- - | - S8 VDG
sion. May be irectly aitached to eletirical con- BTk g WL Bt
duits gr ather Hitings. TEMP. 170 .,.E;
18R PROTECTIVE WELLS . .uv:
A ThiMING AjwE ol AT THIN P WG
B e SR [T -
i Latakog Mo 11204-7 . Calnkag Ne. 11204-0
| High Pressute Coupling Head Wai T Ty Coupling Hoad Wak
s WEoamad - {318 Stashlesz 518l Wall and Head) bexw e - {321 Sta=nless Sleel Well and Head)
Wl m.:r. w:‘..-nu ) EELWRL SO0 Apphcabie Modilcations
i [T LM A 1 ﬁ-mnq . ] ;:;; ki L 1 Special Marking
R iﬁ lml-l '::Il m WORGNG FRLSILED 103 PU AT J30F

BE P AT B0DOF

**Faclory emperatiee astling tolevance: Reguisr Tension—+6°F fram —100° 1o 100°F +3'F or 2% of safting volue iwhichaver s gronter) from 200 ko 400°F
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FENWAL

MODIFICATIONS FOR THERMOSWITCH®™ TEMPERATURE CONTROLS

I ROOCICATN NS MWK AT N T Temperature ¢iisels due o pressure
ool 4 | 5681014 fipwor: ouh)
Thma modifications arn apiscabin i e THERMOSWITCH Baity shews o poges 10 o |1 4 mlm|m Preasura psl Setpoint Offset |
Wl tha chart o i right lor madficatinny whisk cammat b combinnd 100 +3°F
3 - il Foed 200 BF
6| m|m ] (5 300 9
[1] )
ﬂ EPECEAL MARKING LR 500 TIEF
Coltapsing pressure (brass shedl) 1400 psi
Spacial marking may be mads by rubber or metal ljmm| = -
ng. af points A B and G | stamping at Collapsing pressure (5.5, shelly 3500 osi
— -~ m:ﬁ.grlumu the switch or hvib:hl:ip‘r?hr 14 ] L] PR
. mada in separzie lof. Amount of marking limited
= by at point B "he" sharp tace ic iptier
F ussd or maskng.
- 2 TRMPER-FROGF CAP
I_I [EXTENBED LEAD WIREE

(et s b Pt o,
are spocilind &5 portion wire ouf-
sde of HEIﬂugIS‘me Unit such as indicabed
al dimension "L" Specsl bEad wire stripping

lengih. shown 38 oi-

may be hatl by specifying
mersion “X."

To s2al the THERMOSWITCH Linit
tore ani tamgering, a Moisture tant Tam-

per-Proed [ap may be mouried duer lemperatore
iqusn.rq slopve. || may be used with gnsst or
Exchory pre-5e1 Units

sl moes-

L3 | swcromy vemeenarune sermme

Ary unil may he laciory preset 21 any tEmpenaiure

Wi Tic §atad TaNQA 28 indiceisd on page 11and

h.t:[lr 2. Uniess this Modilication is specSied on
4

[LI,J ARMORED CRBLE OWER LEAD WIRES

‘Whan additional protection dver lead wires is rr
gured, an Armored Cable can be added. Ibu

I8 nol moh e resistant ) Lead -mru will ba &
fongeer Ihan cable if cabile @ oxlended over 12

umtt wil b shippad set &t apgees. T4°F — mless othorwise spocrlied. {Dimensios "L" i
Muodificatasn 4 or 27 t& recommended whan ordor _ prodd |ndcates cable length. )
i B Rectory Aed ol i preclude possisis shi in —
sl powl dun 1o mis-handling,
T
L4 ] TEMPERATUNE LOCKING DEVICE 27 “_zl CENNECTOR

After 8 THERMOSWITCH Uinit has bean calibrat-
#d, 1 5 mdvigabés o Wock the emparxtre

A Termureal Plug Connecior may be adied b S

b
ored of e wosd Conneclor may be ordered :nlklm
cabon

et gleeve 10 prevest unauthorired tampeing ) without ol cabin (Medili 1
. . with. the seing fm:k dm:l 5 s desir- = il m““‘ catin (Medilica L
abde if the unit is 0 ba subjected o oxtrema i =

brafien in sendide.

|__5|rmu

& tampar-pmof tan he hanished W prevent
tamparing with mEH'I.IIHWIIL'H Uit acuimped
with Moditication 4 sewve

ljjﬂ.ll.ﬂ

antw or knob will be sat on Ke 4 pasition

unlgss otverwize spacilied

B Same a5 §& aboye except ymall dial @ knob
{as diagrammed),

Iﬂ] FACKING ELAND 0N LEAD WIRES

I irestadtations where MoiSiure may antar THER.
MOSWITCH Unat aroond laad wires, a Pathing
i iy ke g
1 I ]
moiifcation.} oo

Iilmmmu

HA Under cerain operaiing conditiens where
Ihere . expesing maisiure o vapor, 8 Moishire
Resistan! Seal may be added to protect e inter)-
or of e THE TGH Control from seepage.
Modificatien 13 showld be ordésed in con
unthon with this moddications)

HE Same as BA above sel b4 lour hole
h&!uﬂﬂkmﬁnﬂb&m&f(lﬁdlﬂm
shouid be ordered in conjuncticn with Mis

%EE RATHIMG
RLARD

FACKING GLAND
& & large disl and knok (a8 dia rurhrndl
Eﬂu I-MEII'!?I Ill:‘ln THm from 1 iy
i on are mi ]
for i Faghtr o downr bemparsture. |M] EXTENDED TEMPERATIRNE
Uewts -may b ordered wnset o | MAUBTING BLEEVE

Under certain conditions. it is desirable i exand
thee adjustmant sleove. Exiensions should be or-
desad In multigles of ane k. When oider
the hemgth Specfieg & e olended by”

P mample | e standard adjusting seeve
o 1
Mads 54 and 65 spalcati o S a0 unds aiso e i B2 gL R s
Bn il esTH owernll length I'||| Bl AW

Extreme lemperature gxposure
Uindts amploying regular 1enson contacts that open on Bmperaiure rse;
= Tmn;F Indefinitaly and 100°F above Sat Paint for miervais ool exceeding
ane haur
Linits employing invorse compressinn coniacts Mmat close on [@mpermure rsa:
~100°F indefinttely and 100" above high and of Temparaiure ranges for iver-
viis nol axconding onae hour,

UEI DAL KND KNDB SUTSITE COVER

1A A dial and knob ke added 1o oulside of
nction bax on Series 17700 and 17800 wnils
d In Moiflication 64 Bor luriher pomencia
Ire.

138 A dial and knob may ke added m oulside of
|unction box on WL Lizied Saries 47700 ond
TR0 unite.

ADIUSTING SCREW

[¥L AT 11

[E-LITII‘EIWIIT-T

Elyg I[FMIIImed!:S'ImIpunp@ﬂ'lnan-
usling screw in B lampee fesictan] uri
llhrulrm'rq this rr:?'lmn are limited 1o 300°F
max temperature £aiting
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Surface Mounting and

FENWAL INCORPORATED
Ashland, Mass. 01721 &17/881-2000

Miniature THERMOSWITCH Controllers

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.

OTR A HQLES

-8 AA0) WAH HEIGHT
- Kl SET AT mO0w

...l. TEmi= - T — = ey
¥ e 17 T
a1 J-“._"}..\'J_"f ] i & " : _E\' T TR
t 3:" T Lt ot =T ".:'i:u'i""__ L R
e e i) .
e 128 p—

lﬁl.l‘l'l“lfl.lﬂ‘
[l =t v S

Fenwal Miniature THERMOSWITCH units operate
on a unigue 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

Respirators
Label Adhesive
Applicators

Vending Machines

Typesetting Machines
Hot Stamp Printers
Textile Platens

CATALDG TEMP GONTACT DPERAT Current Rating
Type NUMBER i RANGE* ON TEMP. RISE NATERIAL (Mao, Resistive)
30000-0 590 3:]0 F 5.5 Case and cover
Series 30000 el - Aluminum brorze .
SURFALE 30000-48 P type B5B0F OPENS adiusting screw, sa.kamagu
MOUNTING Adjustablke high o Aluminum mount-
&a| w0020 mn 9 50°-600°F sy
Series 2400 Rectangular, hermetically sealed] _ane .
MINIATIRE | 324102 | \with regular contact action w20 OPENS
8§ case 254, 120VAC
Same as above with inverss copper flashed 204, 26 VDC
SATZ | contact action 20" 1o 200°F"* OLOSES

I.I !‘PEFuunuﬂ
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FENWAL

MODIFICATIONS FOR SURFACE MOUNTING and MINIATURE CONTROLLER

FEMNWAL INCORPORATED
Ashland, Mass, 01721 617/881-2000

Linless this modification is specified units will be shlgp
mf’i\h-' ﬂmmswn WY 1-12 long, Minimum length of

'| o

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

For Series 30000
ﬁ a3 ] 'T [T
I 1
“A* Vaz
ﬁ b [t —
i APPROE ]
L SPECIAL CROSS MOUNTING
= BRACKET
A cross mounting bracket may be added 1o any Series
ADJUSTING SCREW LENGTHS 3000 Surface Mounting unit as shown on diagram.
The Temperature Adjusting Screw may be ordered in dif-
ferent lengths =0 th:f’ dimeansion A" is as follows. 62 A
=364 1-1/4 13 178 2238 2110116

o3k

I8y APFROX
I8

Same as Mo, 62 above except brackel is nverted See
meaunting dimensions on diagram.

52 l TEMPERATURE SETTING For Series 32400
L 1 Any unit may be factory preset at any temperature within
ite listed range with a setting folerance of +5°F or 3% of 3 |
setting value, whichever is greater. -
Special iocking screw is furnished with this: modification. FACTORY TEMPERATURE SETTING
[See Mod. 55.)
" Series 32400 wnits may be factory preset at any tempera-
Wan Ordiring: Specity Hodlcation 2. NpaEare o0 ture within s listed range. Uniess this Modification s
- specified on order, sl will be shipped set al room fem-
55 perature (approx. 75 F.)
LOCKING SCREW PROTECTIVE CAP &
LEAD WIRES
It units are to be temperature set by customer, a special 2
lncking screw is provided with unit Torque spring is not ﬂw:lggunﬁ:r”#gbnﬁnanrgmgiﬂngj}
St pped Wil this- it be added to Series XKD rec
ufar Miniature units. One fool of
S aﬂachﬁd leag! wires is also surplmd
55A § with this Hndﬂ'it:ﬂt;nn Flur onger
T len § ired |ength on
LOCKING SCREW AND TORQUE SPRING L _@; ot e il
RS = L Il mounting attachment is required,
If units are to be lemperature set by customer, but still re- ¥
main adjustable, a locking screw and forque spring are tEsLON INSULATED 20 55“31'] nﬂﬁéaulgﬁn"uta?; LE'!Digr
ded with unit SiWER PLATED - 9 !
prowil COPPER  WRE DET OD dicated bf dotted line on mmﬂ.
For factory set and sealed units only.
57|
o o{fo
13
¥ SLOTTED TEMPERATURE ADJUST- MOUNTING BRACKET
m —E INE SCREW A cross mounting bracket as shown
'f’ 6 SCREW may be added to Series 324XX rec-

For ease of adjustment, using screw-
driver, a slot is furnished on fop of
adjusting screw.

fangular Miniature units (Mod B3
ahove cannot be used in conjunction
with this Madification. )




FENWAL

DETECT-A-FIRE Detection & Release Devices

DETECT-A-FIRE units are the “heart of many Fire Pro-
tection Systems. These highly reliable devices have been
a standard of the industry for over 25 years. Many thou-
sands of these units are now In use controlling the re-
lease of extinguishing agents such as Halon 1301, COs,
water, or dry chemicals. In some systems the device is
used as an ALARM device, to sense overheat or fire, and
alert personnel. In other systems, it is used as a RE-
LEASE device, 1o sense lire and actuate fire attack sys-
tems.

The sacret of the unit's sensitivity is in the design (Figure
1). The outer shell is made of a rapidly expanding alloy

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

which closely follows changes In surrounding air tem-
perature. The inner struts are made of a lower expanding
alloy, Designed to resist thermal energy absorption and

sealed inside the shell the struts follow temperature

changes more slowly.

A slow rate fire (Figure 2) will heat the shell and struts to-
gether. At the “set point” the unit will trigger, actuating
the alarm or releasing the extinguishant.

But let a Tast rate fire (Figure 3) start and the shell will
expand rapidly, The struts will close, actuating the alarm
or releasing the agent The faster the fire rate of growth,
the sooner the alarm.,

SHELL—HIGH EXPANSION Fretsicis
CONTAGTS (OPEN) COMTACTS (CLOSED) CONTACTS (CLOSED) {SURADUNDING
STAUTS—LOW EXPANSION '4.ll AR TEMP)
\ X
*‘Eu._ H- -H=AH st -
= AT 140°F
hhibh {SURROUNDING
AIR TEMP}
FIG&E. 1 READY FIG. 2 SLOW FIRE FIG. 3 FAST FIRE
Temperature Ratings (Suggested Contact
Catalog | sefting & minimum of 100°F. Contact Dperation Ciarent Rating
T Number | above ambient) Color Cading  {Arrangement| On Temp, Risel  Moterial {Max. Resistive)
and Agency Spacing
Harizontal . .
Flush Mounting Pt Settng Onging oGt 001U ooty 5A, 125 VAG
Units for o ST | ziezen | RN RO g > Opens | 55 chell sensing
E:lﬁmaa{ed L[ I i NoCokr 50 o5 sg| Eoed element. Cald 0,54 125 VDG
g \ e 160 MNoColor 25 25 25 s M
= 190 White 50 25 50 maunting faility
== 225 White 50 25 50| Normally Gray melal primer | SR 125 VAL
—5 |mona0| 275 Bue 50 25 S0 Closes | finish over dull i
325  Fed 50 25 50| Open nickal plate E_Iﬁ: lg E; ﬁ
El-:riznntal .
urface ] Mormall
Mounting Units W= N T I israiice y i 5A @ 125 VAT
For Exposed o of s 1 140 NoColor 50 25 50| pypceq 054 @ 125 VOG
Wiring ' =/ 160 MoColor 25 26 25
. i 190 White 50 25 50
725 White 50 25 50 Same As Above
275 Blue 50 25 50 | 5A @ 125 VAC, 0154
| 325 Red s) p5 gp| Mermally i 125 VDC, 204 &
270211 Closes 125 VDG,
Open 1.0A @ 48 VDC
Hmjﬂcal
nits 2712040
For Narmally Opens SA, @ 125 VAG
Concealed 40 Yelow 50 25 50 )
Wiring 2112022 160 Yellow 25 25 25 OClosed | (S00°F max) 054 @ 125 VOC
190 Whie 50 25 50
20 White 50 25 50 55 shell sensing
g 2% white 50 25 &0 element. Brass hex
-.-'-'.-r | w 25 Blue B0 25 5lﬂ|_ Nead mounting
L 325  Red 50 25 S50 facility. —22 and
| B SE T
e o e Gireen Type 300 5.5, 54 @ 125 VAC
TR ae N2H0) 500 Qrange 50 25 50 Normalty hiliarc welded 0.5A @ 125 VDC
. | : % Orange % g 553 Closes 204 @ 24 VDG
'l | 27121.20) range Open TS %0
byl |
- B—
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FENWAL

PRECISION SNAP DISC THERMOSTATS

~ | ® 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
int, the disc snaps to provide rapid, positive contact ac-
n 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.

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

FEATURES

® SNAP ACTION SWITCHING

® TAMPER-PROOF PRESET TEMPERATURE

® CALIBRATED SETTINGS FROM - 20 to 550°F
® AUTOMATIC RESET

® SURFACE MOUNTING OR PROBE TYPE

PROBE 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 hi
temperature applications to 550°F, while the Series 1,
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 !Furm is required to select and produce an operating
sample.

Application Data Forms are available from Fenwal or your
local Fenwal sales representative.

o Madal Mo Temp FAsngs Toleranae Dittarantisl Elecl, Fating Ambieni Aange
E oa-01 10 b 200°F Cloge £5°F. Dpen+7°F 20 F nominal 1A @ 120VAG or AOVDC 65 i 350°F
= 200 1o 3T6°F Closaz7°F, Opani8°F 20°F nominal TA g 240VAT
= 275 o 350°F Cluge 2 B°F, Opan: 10°F 30'F nominad 240VA, pilay dury
:m d8-03 10 w0 200°F Dpon5°F, Chose+7T'F 20°F nomital 124 € 120VAC or S0VIDG 85 90 350°F
@] k] 200 o 375°F Open +6°F, Cosn +8°F #5°F nominal 104 i 2OVAC
= a 275 bo 3B0°F Cpan = I°F, Close s 10°F A0°F naminal 240V A, pitot duty
L ﬁ 03-02 1010 200 °F Opan £ 5F, Closa1 7 F 20°F nomiral
| 200 e 2TS°F Opan rF"F. Clase-+8°F 28"F nomiral 5A @ 120VALC aF 30VDC
<L 275 10 250°F Opan = ?°F, Close+ 10°F 30°F nominal SA i 240VAC ES b §00°F
> ot | gmugrement | grvww | dAskos
% 450 o 500°F Opan < 20°F. Close +25°F 80°F naminal
B00 1o S50°F Open+25°F. Close+30°F 100° F naminal
w
08-04 10 o 200°F Dpan 1 5°F, Close L T°F 20'F nominal 108 @ 120VAC oF J0WD0
200 10 FTE'F Oyran +8°F, Cloge +8°F 25°F nomingd 104, i 240WAG B5 10:350°F
275 4o ASD°F Opan £ 7°F, Close | 10°F 30" F naminal 240V A, pilor duty
10 to IT8"F Close+5°F, Opan+T°F 20°F nomanal
275 1o 300°F Chose+ 7 'F, Gpon1 10°F 30°F nomenal
w al K 10 350°F Close + 10°F, Qpan & 12°F 35°F nomanal 34 ) TROVAC or 3OVDE
wi Bl 350 o A00°F Chose +12°F, Dpen+ 19°F 35°F noméral A i IHOVAC 85 1o B0F
m o A 16 AS0°F Close + 16°F, Open+20°F 40" F nomiénal 240VA, pliok duty
[ 4%) o 500°F Chage +20°F, Dpen + 35°F B0"F nominai
|;|:|__ 500 1o 550°F Choso +24°F, Opan+30°F 100" F nominal
o
10 J75°F Clase +5'F, Opan s« 7°F 20"F hormird 5A @ 120VALC of 3OVDC
a1 275 o 3OO “F Closs+7°F, Open 10°F 30°F nominal SA f 240VAL —68 1o 3E0°F
300 ko 350°F Close+ 10°F Open12°F 35°F nominal 240V A, pliod duty

NOTE Fenwnl Snag Dine tharmost

b—

it arn dedsgned specitically for usa by high velume original eguipmsnt manulaciurers. Minimurm quantity ordet s 50 pleces par model
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FENWAL

A =i
THERMOSWITCH CONTROLS I§2cacr
T
Fenwal presanis a complete line « CUSTOMER ADJUSTED—a tem- |
of snap-action units with either perature adjusting screw pro- T T
single or dual switch control, Con- vides simple adjustment of tem- il 0 R
tral action is provided by an ex- perature range. Switch can easily Furtd Sgia ol =]
pandable liquid action on a bellows be set at any temperature within " I‘ g
assembly. Bellows motion, created controller's range. m“:ﬂnﬂgﬁu B AURIF
by volume changes of the liquid, g fa NPT ng —=
actuates the switch contacts through = 'NDEIFE”DE”T” ADJUST- SV IR ;
a push rod. ABLE"'—on dual switch units
each switch may be sel individ- . '
« HIGH LOAD CAPACITY —a vari- ually at any temperature setting 4 -
ation of application rated switches within its range thus allowing - i o L
with current ratings up to 15 completely independent action " ._......E.'
amps 115-250 VAC, 10 amps oy = =]
125 VDC. i N e
VARIETY OF TEMPERATURE 203 < & FEF
+ FAST RESPONSE—expandabie RANGES—single switch and dual IFirst3 Digis N i I
liquid which surrounds bellows switch modeis are available with . Na ) e
15 in direct contact with tempera- 3 temperature ranges from —75 Skl Frarfis - L
ture sensing outer shell, to 300°F ol ST R
W Al Dhinssp i at oy gmin? ie W1
STANDARD DOUBLE THAOW SWITCH « 2°F DIFFERENTIAL ’
CATALOG [ 1
NO. CATALOG TEMPERATURE CURRENT CONTACTOR JUMCTION L]
SUFFIX NO BANGE RATING SIE BOX FIMEH | See Page 20)
oo 100 to 300°F 3 and 36
201, 203 10 25 10 226°F 150 125-250 VAC 2 atna vy .
20 750 1P5°F 0504 125 vOC | il
00 50 10 300 F 0.254 250 VG 3,30, 32
210, 211 10 0 to 250°F Cagmium Plated 34, and 36
20 T5t0 175°F !
MARAQW DIFFERENTIAL DOUBLE THROW SWITCH + 1°F ‘
a3 100 to 300°F Baked Gray
201, 203 13 2510 225°F R0
a5 75 to 125 °F 15.08 125250 VAC 1 Enammal |
210, 211 5 "0 to 290°F 3, 30,32
- b o Cadmium Plated |35
23 15 t0 175°F 4, and 36
HIGH INFUSH DOWBLE THROW SWITCH + 25°F
Er— 50 100 to 300°F 15.04 125-250 VAC
201, 204 &0 25 to 295°F D504 125 \DC Emlw 3 and 38
= 0 _=fsipl12s’F | 0254 250 VDG 3
e % EUIUEEU_F % HP 125 VAC 3 29 32
5 70 7510 $78°F el e Cadmium Plated 34 and 36
DIRECT CURRENT DOUBLE THROW SWITCH - B°F
senpgus 0 100 10 300 F
201,°*209 19 2510 225°F :? 'ﬂ; !EE EiE 1 Baél:gnféﬂ g
29 Zaln 120 °F 10.0A 125 VDE - — ]
03 B0 'to 300°F s HP 125 VI 30 32
0, 211 18 0 to 250°F Carmium Plated and 36
28 1510 175"F
| MOISTURE RESISTAMT DOUBLE THROW SWITCH | 2°F
201, 203 5 D% 1504 125-250 VAC 2 g Jand36 |
10, 211 5 5010 300°F 0.504 123 VOC e 3,30, 32,
6| 010 250°F 0.25A 250 VDC Cadmiym Plated | 34 and 36
M RESET DOUBLE THROW SWITCH—OVERHEAT PROTECTINN
0] 100 1w 300°F 15.04 125-250VAG Baked Gra
201, 203 16 25 to 225°F 0.4A 125 VDG 1 Bl 3 and 36 ‘
26 7510 125°F 0.2A 250 VO
RIFLE Defermrmii o rentisnil i s sl iiaibie & mesde covlial drfimmraal D 5l esdtimreed i ssrn st dl a0 ESyh el CREE resture. @ ecohn 6 sdeie ey semen

WAL srrsgrurst vt e Tonmponar Froges o e an Lot G

fﬂ'll NPREO QW e iy e by lndeemiey L s o Danalan Gendme Asecafon
\ul_‘/' P paterd Tabungh um 6 arnd eciudeg UUA LIS T0 WAL hegh rateege o B larry - Tyt M1 ol MO o) R 9 it Bderi
a e e e e 01 Wa ok gagis i roeden pn e sadE 0 e g
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@
i [ Shiwn Wik
: INCIEPENGENTLY INDEPENDENTL ¥
210 M. 30) G T ABLE ADJESTABLE
{First 3 Digit ef Cat No.j 228
Junglion box, Flange Firet 3 Digits of Gal Mo (s 3 Degits of Cal. o) . —
Maiited Wonte-pronl oy c::‘w not drip proof Jum:h]un W;ﬁ'f" Pp{w'r st L‘IF il
w, eimmal (veated) adiusl s Fer Alf or motal bieck ot - immerlon = | - T~
ment shaft Drip proad I in- F3F Per Turm g U s |
stalind willy sleciric oullet at i
hamees. Airtight it alectrical @. Gr L s
pulist &= sehled 280°F PER o .—}i
! TLEN m L
& @ - PROTECTIVE WELLS for use with
Mooty BIEMA §254, 07
B —- 203, 210, 227 wits
!'...!" s b B Gat Na. 112080
i 3 Tt iy - R Low Presaurs Hex Head Wall (321 Stain-
5 1 O S Nk pel )
S with T _: | — = = _
Ml 30 == 2l i li= R———-
211 gy i | = AESEE Cat No. 112081
‘ = - R & s RS High Pressure Hex Head Wedl {316 Stin-
[Farse 3 Higits of Cat M) g ﬁ 1 [f’,"‘g, less Stesl Well and Head)
Janction Bax, Same &5 210 (- = | === HEESE |
but wilh immersian (IHings. = e L L | e
b A BT L ~pleal| el i L.
[ . E' ﬁ-ﬂ Movts MEMA 1354, 12
CATALDG | CATALDG | TEMPERATURE |  SNAP BWATCH TYPE AC COMTACTOR SIZE
(" SUFFDUNG | RANGE AND DIFFERENTIAL GURRENT AATINGS Tk L
i ; z SHTEN R 1 ] SWERNmE | Nel Mo 2
100 1 J00°F 15,04 125-250 VAT
10 25 m 205°F Doutle Throw .50 175 VDG z z
o 75 4 125:_ mﬂ,ﬂ; {1254 250 VOE
Difterendial
1 25 4n 375°F 15.0A 125250 VAC 1 1
a 75 10 185°F gl e e
| O B | 0% I0T i 11,504 196 V0L
: 16 25 W 225°F nuble Throw 0,254 750 VDL 3 3
26 75 i 175°F +25°F LHP 125 VAG
Do ﬁ'm |a1ur1 125.750 VAL
H 100 10 300°F L
L 2°F 0504 128 vbE 2 H
6 2310 225°F 0254 950 VDC
it o 2o T T
i ] i I AS08 ¥ 1
7 T 12| e F u‘tF 0254 250 VDG i I
: TE Y55 VAT '
m | w00 300F | Sandard High | 150n 25250 vAC | e s VAL 5 3
3 17 Bwasy | DT ks b 1z HP 250 VAC
=T = —T5% 125°F 2 LOEF ] |
Sandari TR0A 125-750 VAL ’
or o 1% = g%:r Odterentl DT |1504 125250 vac u% 125 Vi, 1 3 |
g @ | | Tswumsr| +vF Hﬂi s
0 DBAE | g ; 15,0 125-950 VAG |
i 25 i 205 Difecertiad | IS |y 0 125080 vag S 423 vt 3 3
| Thh 125 +1°F +283°F L HP 125 WAL
| 11HP 250 VAC
i W Standarg | VoA 125350 VAT |
o7 | W00w300F | | o, DSOASVOE  |yopn psosgvac | 3
| Bwzer| o 'F O2SABONDE | g ot ‘
01 +25°F Twipashuae | (@254 250 vog
100 10 J00°F = 15& 514 121;&&'":
Datleremhal
o ZwzsF | 01 - n25Az0yvDe | 1h0AizsasovAC | 3 1
o) T80 125°F +25°F 1 1°F SHP 175 VAC
; - 1%:HP 850 VA

ﬁé‘ﬂ-"r‘" W0 0 b el glechrical outiel hok
= Direcs curred modeds. geaitable on special roquest Gansull fctory.
Difteepntial is mechasscal N is not possibe o specity comirol dtterential because of un-

Asterminad paremetnrs. such an rate of tEmperslure Change, medium, and location ol
Rcibiglad efiang elemant s,

Al swilches an this page hsted by Underwriterd Laboratories tor curmes ratings ug o
jl’.ﬂ Imﬂ.ﬂl 1#5:&1 ; 50 WAL F:rdhlm atings consall taciory

umcion ll modeds, Baked gray enamel,

Applicahle modtications all model. 3 and 36
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FENWAL

MODIFICATIONS FOR SERIES 20000 SNAP ACTION CONTROLS

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

3 4
FACTORY TEMPERATURE SETTING
NOM-CALIBRATED DIAL AND KNOB
When fa reset greater set point accuracy can be at- - y :
tained nﬁ?&n ing the tem mpfm setiing {lasjrad and ’ '\ A non-cafibrated dial and knob with acbivary ny-
which contact (W0 or NC) is E) open or close o tempera- / meraks may be added to any Series 210 or 21
fure rise or fall See example undes "HOW TO ORDER™ sac- cantrol
fion, Unless ofherwise ified, unit will be set al mid-
inl between make and break of contacts. :
acth ing tokerance on all 20000 and Z2000 Serigs
THERA : mﬁTF controds is +3°F On all 21000 Series 36
units it s +5°F.
Unless this Mq@rlcahm 15 ordared, unkt will be Set at ap- HEAT EXCHANGER FiNS
praximately 75°F. In dir sensing applications where faster r 58
is needed, heat exchanger fing miy be ad In
30 any unit.
CALIBRATED DIAL AND KNCGB IN °F
A calibrated dizl and knab may be added io any Series 210 | Nt Adiditi of modifetions many fleed agney el — comoslé far by,
ar 211 units.
30 With temperatura range of 50 to 300°F,
208 With temperature range of 0 to 250°F
SPECIAL FEATURES
MOISTURE RESISTANT FITTINGS
348 PLATING
Mod,  Cable Cord i
. . M. or C i To overcome cerlgin cormosive conditions, the brass shell may be
A moisture resistanl 32 W lo W plated with Tin, Cadmium, Nickel or Chromiwm. (Standard Chro-
gleckrical connector may 328 19 o " ) !
he added to any Seriet 3L W't W mium piating thickness 00002 - 00003 over 0071°-002"' Nickel
210 o 211 wnitz 37 %" o W Pl
ax 116" B
WOTE: Special Featurs 344 is applicable 1o 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

Uniess 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 fo exceed 180°F.

The variations of single pole. double throw snap Sswitches are

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

For pressure applications, sel 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 confroller 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.
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FENWAL INCORPORATED
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400 LINE LIQUID EXPANSION TEMPERATURE CONTROLLERS
FM Approved High Temperature Limit Switch

£
(
r /.___,--""" _-—-‘
T /
INDICATING NON-INDICATING { |
UL 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

thmuﬁh switches actuated by the volumetric expansion of
the fill fluid.

As temperature variations cause Exlaans'rr:rn or contraction
of the liquid in the bulb and capillary, changes of pres-
sure are transmitted 1o 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-

Lqr?s are indicated on a large, easy-to-read cali brated
ial.

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 cover or shield 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 —65 to
175°F in units with a top range limit up to and inciuﬁin;i
200°F; and —100 to 175°F in units with a top range limi
from 300°F thrlztqul5 S500°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.

NON-INDICATING

UL listed and CSA cerdified

Fenwal's “400 Line” non-indicating mechanical tempera-
ture controllers are lightweight, compact and designed to
Ernwdq many years of dependable service. -

enwal'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 seftings.

® (Quick snap switch change-mounting arrangement sim-
plifies snap switch replacement.

These are just a few of the many outstanding features of

this controller—designed for User Convenience!

Applications for this versatile instrument are limited only
by ihell:lh cal requirements of the thermal system to be
controlled.

*US Patent Me 3038979
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FENWAL

NON-INDICATING
CONTROLLERS SPECIFICATIONS—MON-INDICATING
TYPE 316 SERIES 40-302 & 40-303 SERIES 40-304 |
Stainless Steel to 700°F NON-INDICATING CONTROLLERS LIMIT SWITCH
L A B Al
For optimum sensitivity select the nu.,"ém“ '
smallest diameter bulb consistent Models
with the length the installation can Twa SPOT
Reter 1o tpecifications for bulb i pot o
er to specifications for bulb di- High Comirof Point <T>
mensions. Sin&h ﬁiibrt““ ; Ra;r s::m” _
aw Larin, )
A nmlsm Elnl_rllmgil Illnll e |
- Temperature Swilch raveling
='C'L_H:] Scale Range | One Knob & Dial |  Differential guﬂmﬂgi Catalog
Catalog Number | Catalog Number Number ‘
B
- 40-30%2-101 40-30909-101 40304082101 |
-t ASOF to 200°F | 40:300091-101 waneio | T 0A0E g g i |
; (00T 10200 | oot | oo | HCY 0T o0 o |
o waesor | wawosen | PN g anmn
W 40-302082-102 40-300082-102 40-304052- 100 |
2A°F 10 10F | 40302091102 QW02 | 2°F 10 120°F | 0304091102 |
U (00 0 S0°0) | D000 QIR | [0=5F | 40304080102
L 03 | 00 4034088 102 ‘
L.an L
¥ 030092103 40-303092-100 40304082103 |
S°F o 200°F | 40-302081-100 e I ot T R |
R SR (0T e %%) | 4030090109 waxierm | WUCR SN | g a0 10 : ‘
Style "D" shipping configuration 03008910 4030308133 M5+ 5°F | noaneem ‘
may be straightened at in-
stallation; uncoiling may result in 40302092124 40-303080-124 . 40-304090- 104
calibration offset of +2% of scale. SO°F 10 M0°F | 40300081124 waoa2 | B0 I0F | 4 00104
(10°C fo 150°0 |  40-302000-124 0ot | BB IS0 | g na00n 104
40-302089-12¢ 40-303088- 124 B0 =50 | 40 30e080-124
Qutline Dimensions rp— ORIDS | o o | 0300005 .—
S0°F o 400°F | 4D-300091-125 o | oo e | 0300125
T o™ 10°C 0 200°0 | 40-302090-125 40-3003080-125 s | 000125
w]:n Rasded 1 40302089125 40-313089-125 . 40-300088-125
4030202129 030302129 40-304082-129
4 " S0°F to SO0°F | 40-302091-120 w3mgt-p9 | A0F 0 S00°F | gp anunen. 120
(10°C to 260°0) | 40-302090-129 w1 | B0 | 45000129
" 00812 40-303089-129 50« 5°F | g 30480120
3 AE
' 4030060116 40-3000- 116 | a0s0
S0°F to T00°F | 40-300091-116 Qam0s-1ms | B0°F to TOOF | g0 04001115
o (10°C to 370°T) 400 300090- 116 40110000116 {120°C 1o EW"E] 40-204090- 116
; o 40-302088-116 40-103083-116 B35 =5°H | 4304089116
] L l
i 40-300%0-108 40-303082-108 4-304020-108
b | 0°F 1o 700 | 40-302091-108 waon-08 | 0T 0ITF | g 3001108
| 20 40-302090- 108 40-300090-108 |20+ 5°F) | 40-304000-108
s W ) 40300088108 40-30308-108 40-304085-108
*Figure in brackets indicates factory preset low limil point
=t all Al Specifications are subject to change without notice ¢
“Tadus fompeqae o dpEilie

o Lot matis adiah

\.
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Ashland, Mass. 01721 617/881-2000 ULTIMHEAT ©
VIRTUAL MUSEUM

@ NON-INDICATING CONTROLLERS HOW TO ORDER

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

1. Select temperature scale range desired from Column A
mcentéﬁrad& Range is required, change 9th digit of Cat.
. as

own below.)
ADDITIONAL SPECIFICATION — ALL MODELS 2 &;ﬁt dar.‘:'::‘da on mode of operation using Column B or
umn C.
On DUAL SWITCH Maodels only:
e 0 A. Control knob is normally correlated with Rear
Only AC Switch. When specified on order, factory will change
§ copper cap- | * BULBY Current | Contactor controller so that control knob and Front Switch are
i EEEEL bl ol i e B S 18 correiated.
"f' Catal uulmnn : I B. Differential is factory set with Rear Switch 10% of
e, 1L ?cg!e “_han pHangrl an II;ral:mi:cI Ewiiz:cdt:l} When speci-
w | A 308 x 2807 ied, this differential can be changed to customer re-
wnoman | 8 | veisse | S e quirements between limits of 2 to 50%, +2% of
it | £ | ymx13py | 040W scale ran?e |
wioesan | 0 | ymessofe | O @ 3. Then select the Bulb Style for your application from Cal-
umn D. (Four choices in each temperature range) 6
Q00202 | A /8 1 984 Standard copper capillary normally provided.
4100081002 | B 114 & 14575 Diftwwntial
oo | G| 8 sy | BEOT | SERIES 40-304 LIMIT SWITCH
AR | D | 2 x 19000 | SEETREE | Ty |1, Select temperature range from Column A-1. (If Centi-
oo | A B a5EE | 15A 125-250VAC grade Range is required, change 9th digit of catalog
@08 | B | vaxizsi0 | 0508 125 VIE number as shown below.) "
4010009600 C | 3/32 » 15650en | 0.25A 250 VOC 2 2. E‘I'nl‘ihb Switches S}Ippliﬁﬂ on Limit Switch Controllers
l@ Q100089003 | D | 3/32 x 119437 {ef) { Narrow Differentia NOT be substituted.
(1% of 3. Then select the Bulb Style for your application from Col-
4-10meps | A 3/ x 4400 Stale Range} umn D. (Four choices in each temperature range.) 6’
i'm E 3 31;4 :?Eé;: : SPOT " copper capillary normally provided.
! /32 % 125334re | 154, 125750 : ; .
" CAUTION: In corrosive atmospheres, and particularly at
Jimmae | 2 |aRa e Difereaia temperatures above 500°F. Nickel Plating of Copper Ca-
' gj:m E m];lxiaﬁurm { The chart at left contains the basic specifications and cat-
A-100085-075 D | 3/32 x T2168 frefi al'}n numberin mtﬂm To obtain other combinations
chanqgeﬁm or 9th digit of catalog number as indicated on
WIEEY | A 8 1 2551 Series #0-304 code below, Other data and catalog digit numbers are se-
0000408 | B 114 1 5258 lected from chart at left
W000Rs | ¢ | ymaestye) | <>
. 40-100089-028 D | 3/32 1 50378 frefy AD—XXXAXX—XXX _
A0-100087-016 ] 1R 1 ET 158, 125-230 VM 1—Fahrenheit SCE'F
40-100091-016 i 104 1 1866 Q40 125 yor | Cantactars 2—Centigrade Equivalent Scale
A00006 | ¢ | 3% 520 | oo e | MO
S | 0 ) wsREe i 0—Standard differential snap switch(es)
Q000008 | A 38 430 controlier
40100001008 | 174 x 10440
AOA000-008 | | 3/ & 133000en
41-100085-008 0 | 3732 1 100100 fref)
® MODIFIGATIONS See Page
; NOW—0rder your controller by catalog number from Columns B
Q For other special requirements, consult factory or C based on choice of items 1, 2and 3 _ . . and add appropriate
— Modifications,

23




FENWAL

FENWAL INCORPORATED
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INDICATING CONTROLLERS SPECIFICATIONS

a0-ro2 Aa0-703 45-TOA 077
A B £ o E
Dual Cirpull Modeis
Temp Single Clreull Modeis T SPOT Bwlichas widh Bisal Circull Modets 1135 whma}
Sealy (s SPOT Switch Congtani Difterential Twin SPOT Swilches Propetioniag Faleniiomatrie
Farge fine Gontrel Polnter and Kaab fne Contrsd Pointer snd Knab Twa Condrol Pabniare and Kosta ulput Wdels
F Caplliary 10 Capillary B Capiltary i Capiilary i Caglllary 10 Caplilary B Cogillary I0F Cagpilfary
A0-TO2070-401 40-THH014-401 A0-TOA010-401 40-TOIDN 4401 40-704010-401 40704014401 AD-TPAR10-401 A0-TZ3014-40)
507 0 200°F A0-TO2011-401 A0-70015-401 A0-TO001 1-401 40-T03015-401 4070400 1-401 A0-TOA0S-401 40-723011-401 A0 TZ3015-401
(—100" o 100°C) 40-TO2012-407 40-TO201E-401 40-708012-401 A0-TOIE-401 40-T04012-401 A0-T04A06-401 A0-T A0 2400 ADTEMNE-401
A0-TO2013-400 A0-TORIT 4D H)-T03013-401 A0-Toat T4 460 T{a00 3401 AD-TOADN T 401 40-T23013-4 40-TZ3047-401
A0-T0A0 1 0-a08 AD-TORAIT4- 408 &0 TEH010-408 A0-TOI14 408 40-TD4010-408 A0-To4014-408 A0-TRI0-408 A- 4408
A 10 1T0°F A0-T0201 1-408 A0-TOR015-408 A0-TOX011-408 40-703015-408 40-T0401 1408 40-7D4015-408 AD-T7I011-408 m%‘m
(-5 m 75°C) A0-T0201 2408 400-TOR0 1B-408 40-700012-408 4D-TOI0TH-800 H0-T0401 2408 A0- 74016408 A0-T23012-408 A0 THIE408
A0-T0201.3-408 400702017408 &0-700013-408 40-TOA0TT 408 40- 70013400 10- TOMT1 7 40 40723013408 40723017408
Af-702010-802 A0-TOR014-402 &0-703010-402 40-T30 14407 40-704010 402 AC-TOADTA-402 AB-FZ301 0402 40-7 7301 4-802
20" v 120F A0-T2011-402 A0 TR0 16400 A0-T00011-402 A0- T30 5402 40-70401 1402 40- 7405402 40-T23011-402 A0-TZ3015-A03
{~30" o H0°C) Al 70212402 A0-TH2E-402 40-70301 2402 A0-T0A0 6402 A0-TI400 2402 40-TOA01 6402 A0-TII012-402 40-TEHNE-ALE
40-TO2013-402 &0-TOE0 T -402 40-T03013-402 AC-TO30N T-402 A0- 704013402 40-T0a0T 402 A0-T 2301 3-402 40-TEINT-407
40-702010-403 AD-TOR4-403 40-Ta3010-410Y 40-70301 4-203 40-704010-303 40-70M014-803 40T T0-400 40-T7I0 440
50° ho 200°F #0-TO2011-403 40-T02015-400 A0-T030T1-4003 40-70301 5-403 40-70H011-403 A-TIM015-400 &0-7EHT 140 407705403
(10" 1o 95°C) A-702012-4003 A0-TOR0N6-403 40 703072400 40-T03016-40] A0 TOA01 2400 40-TO4016-403 &0-T 2R 240 40-TFI06-4401
A0-T03013-403 A0-TORNT-403 A0 TOA0N 403 0703017400 &0 704013403 4-TO401T 403 &0-TE3013-400 AT ZI0N T4
4070201 0-424 A0-TOR 4424 AL TOMN0-424 AQ OG0T 4-824 &7 040110424 A0-TO4014-424 E-T00-424 AD- TR0 E-424
2" b 300°F A0-702011-a24 A0-TOR015-424 40-T00 10428 40-TD30N 5-424 H-TA011 424 40-T{4015-424 A-TIM-A 40-7 2305424
10 % 130Gy A0-TOR01T-404 A0-TOR0NE-424 | 4D TEMAZA24 A0-TOI016-424 AQ-TOA01 2424 40-TOA016-424 AT AN 40-TEI5-424
40-TOI013-474 A0-TORDNT-424 A0 TaF 342 A-TO30NT-4E4 A0-T04013-44 AQ-TOE01T 424 E0-TIM013-424 A0-T T4
A0-TO2010-425 AD-TO2014-42% 40-703010-625 A TB01 4425 40-TO4070-425 A0-TOA014-425 AD-T 2301 0425 AD-TZ3014-425
50° o 400 °F 40-T02001-425 AD-TOZD15-4725 A0-703011-425 40T 5425 40-TO4011-425 AD-TOA05425 40-T2301 1425 AG-TZH15-475
(10"t 200°C) A0-TOR012425 A0-TO2016-475 40-T0A012-425 A TOH B-425 40704012425 A0-TO4D 16425 AD-T 2301 2 £25 40 TINE-425
A0-TORN3-425 A0-TO2MNT-425 A0-TOAN 3425 A0-TOHI17-425 A0-T041 3425 A-TO40NT 425 40723013425 A0-TENNT 4TS
40-702010-429 Al-FOP0 14479 #-70G010-429 AG-TOA0T 4429 A0-T040T0-420 AC-TOL 4420 40-123010-429 AQ-TEIA A2
§0° o 500°F 0702071429 A0-T0R015-429 40T 1479 A0 TO3 542 AQ-TOMD {428 A0-TOHOT5-420 40-T73011-479 AQ-T2AN 54T
(10" 12 260°C) 40-TOR012429 AD-TIE016-429 40703012479 407030 G470 AT 2420 A0-TO406-229 40:773012-479 A0 72U A4
4070201342 A-7O201 7429 4070013429 40T T4 AD-TOA013-428 AQ-TOA0NT -£28 40-TI3013-429 40-TZI0T 420
AG-TEA00-416 40-TO0N4-418 AB-T03040-418 AG-TOa014-418 A0-7 401 0418 AG-TOMD4-S1E &0-773010-415 407044
50° %o TO0°F 40-TO2014-418 AD-TOR015-K1E A0-703011-416 40-803015-418 40-T0401 416 40-TMD15-816 £0-7 73011416 40-72ANE 416
{10° fo I70°G) A0-TOROT 2416 40-TOZDN6-416 40- 70302416 #-703016-416 A7 MT12-416 407016416 407701 2-416 40720 R4 16
40-TOR0NS-416 A-TIT-A1E 40-TO303-416 A-TOINT-A16 A0-704013-418 A0-TOH0T A6 W07 M4 B 40- 723017416

ELECTRIC INDICATING CONTROLLERS SERIES 40-702, 40-703, 40-704 & 40-723

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-
swilches 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
s0 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 chmmg{d to customer requirements be-
tween limits of 2 to , £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

ﬁinters to facilitate set point changes.
en 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 ugon
reguest

24

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

Produc! Code—Saries 40-702, 40-703 & 40-704
A0-TOXXXX-XXX
T = Temperalire Scals Ranpe
—— Bulb Style & Capiilary me

[ 1 thru 8, Alernate Snapswiiches
Consult Factory
2—aingle Circuit, One Knob, 1 Pointer
3—Dual Circuit, One Knoh, 1 Pointer
Constant Differential
4—Dual Circult Two Knobs, 2 Pointers
Independently Adjustable

Product Code— Series 40-723

A0-7230XX-XXX | Temperature Scale Range

{ Bulb Style & Capillary Length

NOW-—Order your controller by calalog number from Columns 8, C, D or E
and add appropriate Modification.
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FENWAL

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

INDICATING CONTROLLE

b R e
Froporibemal Duigul Praportiensd Quigsi On-0 Snap Aciion
Presaire Ratlng Presauie Rallng Prewairs Rifing
Actugins Assembdies Gnly Bulb 0o 000 PEIS |Max) | O 1o 000 PR (Maxj | 0o 30 PEIE (Max )
Staimiesy Stenl Bulk Buib DEamater = Langih Top Valwe Exfl Bottam Walve Exil Beftom Exii Additbowad
B Capillary 107 Capfilury Styln [im inches| & Caplilary § Capiflury " CaplHary Spacilcations
40-100010-001 40-100004-001 A 18« 2807 A0-830010-400 A0-831000-400 A0-BA505-401 Bult B Caplilary
£0- 10001 1001 AD- 10000 5-001 ] 174 u GReE A0-83001 §-401 AD-B31 00 a0 A0-H3501 1-401 Matarial
&0 100012000 40-100016-001 C A3 x 7.3 jral] A-83001F-401 AD-BI1D02-400 AD-BAG0TE-400 Type J16 Slainlezs Elonl
401 0001 3000 A0- 10000 7-001 ] 3732 £ 550 i) A0-830013-401 A0-831003-400 AD-BA5013-400
4010601 008 4010000 4-008 A I8 v 452 AREI0ID-A0E AD-BI 00-408 A0-835010-408
4010001 1-008 4010061 5-D0 ] 1/ x 10440 Af-B3001 | -A0& AD-HATON1-408 4083501 §-408 AL Conlacior Siee
&-100012-008 A40-100016-004 C AU x 133 fral) A0-B30002-408 40-B31001-408 A0-835012-408 [MEM
&0- [ 0001 3008 4010000 7-008 1] 332 1 1000 jrel) Al BI000E 408 A0-B31 002408 A0-B3500 3408 Stamsdare
. Diferesal
-{. 40-100010-002 40-100014-002 A 2/8 x 6.984 A0-830010-402 46831010402 40-835010.402 Madele
\ A0-100011-002 A 10001 5-002 B Lidn 14BTH A0-RI00N 1402 AD-B3 100 1-402 A0-B3500 1-402
40- 100012002 44- 1 0001 6-DQ? c 332 1 185 fral) A0-BA0007-400 AC-BII0NE-402 AG-BAG0IE-400 Narraw
40- 10001 3-002 4010001 7-007 ] 352 x 04200 rel) AD-BIO0NFA0T A0-B31003-402 A0-83500 3400 II:mlll 1
( ]
40-1G0010-003 A0- 1 D01 4-Did ] 3/B x 5BBS A0-830010-403 AD-HATEND-AE3 40-B35000-403
| &0-10001 1003 A0- 1 0001 5- D0 L} Iid s K500 A0-BA000 1-403 A0-B31001-403 40-835001-403 |Coniaciers
A0 100012003 4010001 6-003 E 3732 x 156 fral) A0-83001 7403 A0-A3100 240 A0-BA500 2400 Mol Fursisbed
40-100013-003 41010001 703 o 3732 x 1084 ral} A0-830003-403 40831903403 A0-H35013.403 with Cantrallar
AL-100010:024 40100014024 A 3/8 x 4.400 A0-RI001 0424 A0-BINON0-434 40-B35000-424 Currént Bafinga
A0-10001 1024 A0 100005-024 B 174 w B2TH A0-RI0001-424 AD-B30011-424 AD-B3500 1-424 Seriay 40-702, 40-703 @
A0-100012-024 A 1 DO016-024 [ W REE (rel) 40-83001 2 425 A0-BIR0N2-424 40-83501 2424 40-T04
40100013079 A0 10001704 5} W3R x BRA0Z [rel) A0-RA001 3-475 AD-BINDT 3424 40-835013.424 "
Lundird
&0 100 D25 40- 10001 4-025 Ll 378 ¢ 3.200 A0-830010-425 A0-A3N010-475 40835010425 Oithermiai 'S.E
AD-10000 1026 40-F00016-025 B 1/4 = 6660 A0-B3001 1-4F5 A0-B30011 425 40-B35011-425 sroT
4100012035 &0-100016-025 C 332 % 9338 rel) A0-A3001 2424 AD-BIN0I2-425 40-3501 2425 154, V25-250 VAL
4510001 3-025 A0:100017-025 o 3732 x TROEE jral) A0-B30013-4F5 40821013475 AD-R35013-425 (5N, 125 VOC
(Z5A, 250 fOC
. AD-H1 0001 0-028 A0-100014-020 A A/B x 2.661 4082001 0-429 AD0-B30010-420 40)-B35010-420
|'.. 4010001 1028 A0-100015-029 8 1/4 x 5.25% 40-83001 1 470 40-830011-420 40-B35011 420 Marraw &
. 40100012028 40-100018-029 C 3732 % G843 jrel) A40-83001 2424 S0-BIN01 2470 40835012 420 Dileresdial
A0- 10001 300G 40-100017-0209 ] 302 50.328 frad] 40-830013-420 E0-E30 3420 40-835013-420 EROT
|54, 125-750 VAL i
A0 100010-016 40-100014-016 A /8 = 1BTE 40530010416 A0-231010-418 &0-B25010-418 Serins 40-T2
40-100082-016 40-100015-016 i 1/4 = 1066 40-630011-416 A0-E31011-416 40-835011-416 135 Ohms Potantisnatric Qulpst
A0- 100012018 A0-000018-018 C 3702 = 5220 fred] A0-230012-818 S0-E31012-416 &-A35012-416 24 VAC max.
A0-1000683-018 A0-100017-018 o 3402 ¥ J5.681 frel| A)-530013-418 a0-831013-4148 #0-2%¥5013-418
| AN apevifvitions aee aafies bt obange el e
OUTLINE DIMENSIONS
@ 1ow 10 oRDER
PNEUMATIC INDICATING CONTROLLERS el S
SERIES 40-83X B
1. Select temperature scale range desired from Col- dusyieia
umn A
2. Next decide on mode of operation using Columns
G, H, or | If other than standard units are required, | T R ey
consult factory. RN, e 3 __] =
. . R - ] &
3. Then select the Bulb Style for your application I\ 1 | | |
- W | S = i " ! =em e
from Column F (Four choices each temperature Y- [LEETRE =3 J-_._‘;.
range) A 6' or 10' stainless steel capillary is nor- B : | 2 |
mally provided. Copper capillaries are available e ‘f‘:._ P | e T = | =.
upon request = @.éfh | t ~: 1
AT o N |
[ a, Wi a kL] bh oy I,
| BRIR 7 s i i 2 | TT :
NOW—Order your controller by catalog number from Column G, H il 1 ¢ i ol LA =
Q or | based on choice of items 1, 2 and 3 _ . . and add appropriate Lol i =
Muodification and Special Feature numbers to order, ? o ] e
o BT - P S
25




FENWAL

MODIFICATIONS FOR INDICATING and NON-INDICATING CONTFIOLLEFIS

MDD 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.5.1. at 700°F.

Braiss Nickel Piated Serles Sainless Sieel |
Mad. Na. Gland Size Mad. ha Giand Size
258" 418 NPT 250¢ 1-18 NPT
258 1h-14 NPT 25E* Ye-14 NPT
250" 4-14 NPT 2o Y-14 NPT

My b chamiged oo Mhe el
Paching g

',— Bushing
E Capillary

Glana

Bulb HE |
11 Washers (6}

Cusiomer’ |
I.!::u.lrmrl:= _"H'.‘l. }

MDD, 25)—SPLIT MOUNTING FLANGE

For use with coiled bulb “C". Not for use as seal against
harmful gases or where liquid tight seal is required.

Customer's
Maownling

MOD. 65—ARMORED CABLE AND PACKING GLAND

The addition of armored cable and capillary tube packin E
gland to a remote bulb type temperature controller (bul

styles “A”, “B" and "D"). Pressure 400 psi at 700°F.
AHRMORED CABLE ARMOAED CABLE
Lemggth Langsh
Stamliss Sleel Mo Mo Shiiniass Siesel Mod. Mo
2ol ESH over 1310 14 B
o Imd 658 qum 14 o 15 oM
edms BEC oy Th o 16 ==
over 51§ 650 ovee 16 w@ 17 g%m
dver B T B5E avis 17 i 18
over T g @ =3 ove= 10 1o 19° (=]
over S o @ = ove 19 o 20 =)
aver 9 o 10 BEH over 2 m 25 B5
over 101 11 %ﬂ oy 25 b 30 BST
aver 11 1 12" oy 30 35 G5
over 12 1o 13 =T oves 35 o 40 BaN
= For fimgper & e niprm i i by
Packing Gland
firgss Mgk Platea 00 Gl Siuinless Steel
Siyle fiand ize Shyle Glund Sire
A "r 18 NF1 1} - 1H NPT
B T-14 NPT E T-14 NPT
c %14 NPT F L-14 NPT
Pochi
Gianrd b
Bushing

Armored Cable

[} Capitiary
1
Customer's Mounting -/,"I.jI

WROTE: Tha mod. shipped imaiSached urdess oiferesmn speoifisd an nros
Whin ardering ™ modifcation provids mode nuimdsr ond letier piucs in lor gland shyie L&
Mod. B&I, SwieE

Washers (6]
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FENWAL INCORPORATED
Ashland, Mass. 01721 617/881-2000

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
Stotted G t
’f— L Fomme ——\

Bulb Arm "“‘?,Eﬂhl"

Actuator Aszembly
{Not included with modification)

When ordering this modification, specify dimension “L",
Armored Cable Length. Available in from 1' 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.

) AT M - PDEY = WO —
Was (eI

Zr.. #l T A7 i
| 4|";'|I- S 1

el 1

uL alppruved switch cnmpamnr.nt Su[tahla for use in
Class |, Groups C and D; or Class ||, Groups E, F and G lp-
cations.

MOD. 111—DIAL STOP—INDICATING ONLY

The addition of a stop collar to limit either high or low setting of
pinter. Modification is factory installed and net field adjustable.

gpﬂ:li‘; temperature setting desired on order,

MOD. 157—MOISTURE PROOF SNAPSWITCH
The substitution of a meisture proof switeh for any standard differential
srapswiich

tL 7
)-

INDHCATING HOM |RDECATING
MO0 157 A Smgle Guitch Controllers  MOD 1570
B0 1578 —Dual Swoich Conrodisrs MOD 1570

MDD, 158—HIEH INRUSH SWITCHES

The substitution of a high inmesh snapswitch for a standard differential
snapswitch. Applicable to Serfes 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. 40-992045-001—INDICATING ONLY

A feature that will deactivate the controller in heatin
plications in event of capillary damage. (Can be field rn
stalled, however, only U.L. recognized if factory installed.)

MOD. 40-992065-1XX

Application of protective tubing (Teflon®) over the bulb and

capillary of an\rrhStyle “B" bulb. {(max. temp. 400°F.) Speci-

fy desired length in feet in suffix number.

NOTE: The use of this Tetlon tubing to obtain corrosion resist-
ance is believed to be ti‘ruruu?hlj.r reliable. However, the
many and varied chemical solutions and operafing tem-
peratures do not permit a guarantee. Each application
should be carefully evaluat

Nty — Uombinct fhebiew e | L oair KA fonling

)

N
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FENWAL

SERIES 550 and 551 DIN SIZED TEMPERATURE CONTROLLERS

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

FEATURES

Thermistor and Thermocouple Sensing Models
On/0ft Time Proportioning and PID Control Modes
Full Scale or Nonindicating Models

Lead Break Protection

Dual Set Paint Control in DIN Size Package

Easy ta mount fram in front of panel

10 amp relay oulputs or output lor sohd 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-

Be;a;ure ranges from -200 to 2500°F. and eguivalent
entigrade ranges. (See Table |1}

The Series 550 is EupFHEd 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 an/off control on the second point either
high limit or low limil action is field selectable

The Serles 551 operates with Fenwal Thermistor Prabes,
which are available in a wide selection of configurations.
Thermistor lead extensions are standard copper wire,
Available as single set point, on/off and time proportion-
ing full scale indicating controller,

Adjustments for bandwidth and reset are made from
trant panel controls and permit ‘tuning’ the controller to
system to meel your particular heating and cooling needs
To simplify mounting, Series 551 design allows one man,
in-frant of panel mounting.

SPECIFICATIONS

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

Single sel émint and first sel paini om Dual poinl models:
ELAY (SPOT and DPOT)

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 toad on output and
instrument vollage @ <+ 10% from nominal; greater than
5VDC with 20082 load on outpul with instrument voltage

@ —15% from nominal,
-20mA DRIVER
Capable of driving with 4-20 mA control signal input.

Max, load resistance is 75062, Instrument is not damaged
by shorted output terminals.

20A @ 240VAC with integral heat sink. For avallability
and detailed specifications, consult factory.
Second sel point on Dual point models:

Resistive—10A @ 120VAC, 50/60 Hz or 5A @ 208/
240VAC, 50/60 Hz. Pilot duty, 250VA, 240VAC maximum
ADD DUTPUTS:
4-20 mA models; 10A S5R output,
20A S5R output

AMBIENT TEMPERATURE LIMITS:
Operating——32 to 135 F.
Storage ——2010 165°F.

ACCURACY [Set Poinl 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.
!AISI:WTH |Proveriioning Units):
ingle set point: 1 1o 10% of dial span; front panel adjust-
ment; Second set point 5-20% ®
OFFSET ADJUSTMENT |Propertioning Unils):
Manual reset—Manually adjustable within the bandwidth;
front panel ad}usment.
CONTROL STARILITY:
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—HRelay will de-energize upon an open thermocouple
(300K ghms or greater) with the case grounded. terminals
TC+ or TC- grounded or floating with either polarity of
line voitage applied to instrument power terminals.
551—Relay will de-energize upon an open thermistor

FEW'DE. .

DIFFEREMTIAL |On/ 0t Units):
0.1% of range, typical.

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

ADDITIONAL SPECIFICATIONS

PI0 Medels only (first set point)

Resel Rate: 0.1 to 5 repeats/min.

Rate: 30 seconds nom

550 FM Approved Hi-limil
{Singte set point). Output energized above set point; re-
sets automatically on power failure Provisions SPOT
models for remole resel Standard set point adjustment re-
quires a screwdriver 27




FENWAL INCORPORATED
Ashland, Mass. 01721 617/881-2000
INSTRUMENT TYPES AND MODEL NUMBERS — TABLE 1 — SERIES 550 and 551
Contrelles Contral Dutpari
Mo Ta Orive
Gaacripten It : 2POT Aelay BPOT Malay 558 5o 204 53R
I
%Zr;uslactipmg: Thermecaoupin O S00110-2xx S5-It S5 001 0-axx — =0
Dewiation
e 8 Thermocouple hunn;.:ﬂlmn m%‘::: ﬁm{md%:::: %.?&5%::: o e
Sengle Sefpoint r u ] g o o == 55-UJH21}-: AN
Full Scale ~
Indicating [/ 0% 55-0a01 140 K x S50 440w S0 14D K s — =
Singie Selpmnd Prapartianing B5003140-xxx SEO03440-x 40wy 550050 K1 x 55-000640-x6x
Thermacowpls e AFH} 4 S5-004 40250 S5 04440 nx S50 xnk A5004540 1 x S5-00aba0-xxx
e
l-|||;;l1n imi1 SO0 140wy S50 440k e - — == —
O ON-0ns0n S5011 14 ha 5501 144k n 55-1M1280- 0 —
Full Scale I’r-:IDi i AOH A1 18- Kxx 550134802 xn 5501324 uxx BE-D13540 xxa -—
Indicating Thetmpeouple Prnp E5-023100-wxx SE-0Z30F So-BERRAl-wen - -
Pual Poani F‘II:I EIr..'I:I Sh-004 14 n i 5541-1-1-“[‘.! AEE -0k i —
Pil}-Prap S5-0124 14 n 3504840 an S5-REM- 1 -— — .
i
rﬁ?l:ﬂ:ﬁéﬁl Thermosouple Proportioning S5-003010-400 - _ - —
Jimm Sguare
Indicati
ﬁ.ﬁﬂ'ﬁ:’g.ﬂu'“ ™ Thermacouple Froporlisning S5-I 2A-400 e
Selpoint
T2mm Square
nmq.m " On/ 0t 55001 160 wax - - = —
Indicating Thesmacauple Propartigning 5500 560k - —
Full Scale [T ] 5100 140w B5- 10440 55 1012505 xx —
Indicatin Theer migdin Propartianing 55103 140-Kux G5 10344 0-nx BE- TOE2 A uxn
Single Satpaint il 55104140 xux S5 1048400 5 VA0 x -—
*For use with 55-001160-406, 100 Pit ATD (JiS C1604),
5.5, Coupling type with V- 28NPT Threads. %" dia. probes with 2.5" under threads
350 Full Scale Indicating Models ‘ \
TEMPERATURE RANGES — TABLE 2 ~ Suix | IsaT Full Scale
550 Non-Indicating & Dev Maddel tange Mumber | Thermocouple | increments
F “g
it 200° o 400F - 1307 0 200°C 301 1 - ¥
, st | 15A Type | Ful sale | Pt | P o'y ot | e | AR
Y ple |Increments | Range | increments 0" 0 1200°F/-20° 0 650°C | - 308 J ol
bo A00°F/ - 20° o 1100°C | 306 K | A
200" b0 4DOF | - T 10 + 50 5 1000 ho 500 Fr540° 18 1370 C i B 0| 10 =
i R S G - )
“,,E :g%,.; 15 E E :1g 13_ 551 Full 5cale Indicating Models
; 1 10"
e : = Temp. Hange Sutfix “mh'::m ﬁrﬂé
130 WAL | - 1 5 =50 § Number Pro
meanel & | 4 g || | £ [
20 0 10T | 306 K e -850 5 e et | 38 ’ o e
540 s 93707 C - 200 H 1 =50 5 75 10 PROCFADC B0 1200 T a i
100"t 400°F/35" te 205°C -347 Harte 2 5 >
200° ko BOOFS5" o 315°C M3 15 "
3007 to PHO°FNS0" S0 400°C - 4 & i
Digital Indicating Model 55-D0X160-XXX OUTLINE DIMENSIONS
T A Suffix ISA Type
SR 3N Number Thermocouple o e
= = I [
0° to 1000°F -400 J || H | o
D® ta 2500°F -4M K iz 3o
0% to 1200°F -404 K
0° to 400°F -405 J . m— U
Suffix ISA r’ﬂlﬂ FULL SCALE INDICATION MODELS
Temp. Range _ Gt
Number RTD im ymd
$ — [Tk i P
0° to 50°C ~406 100 0Pt _ | o @
Mol 1 — Matched probes mus! be used for best sysiems aocuracy. |
PN, 28-230ese-xxn i | |
Mole 2 — Low Tamperaiure Precision Axsemblies mual be used lar =50 ko =
150" F or -%0 90 50°C renge. P.N. 28-432vxs.204, -50 bo 150°F/ 45 18 65" C

ey nesfndindy NON-INDICATING AND DEVIATION MODELS |
28




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

@ SERI ES THERMISTOR SENSING TEMPERATURE

CONTROLLER WITH REMOTE INDICATING
194 METER OPTIONS

FEATURES
Relay or Triac outputs . . . lead break protection . . . 120,
208, 240 VAC inputs . . . full transformer isolation . . . re-
mote single or multi-point indication option . . . local or
remote set point . . . line voltage compensation . . . on/off
or adjustable proportioning control . . . —90 to 700°F in
five ranges.

Relay Output Controlier TYPICAL APPLICATIONS

e Thermoplastic Packaging e Environmental Test
. @ Injection Molding Chambers
FENWAL @ Photographic Processing e Sterilization Systems
@ Hot Stamp Printing @ Plastic Molding
e | e Compression Molding e Food Processing
@ & Hot Melt Glue Appli-
cations

The Fenwal Series 194 is a versatile, economical solution to vir-
tually any temperature control problem in the —90 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

s B | 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.

Hemote Full Scale Meter

Sensors and Accessories

Multi-Point Meter
Driver Boards




FENWAL

SPECIFICATIONS FOR SERIES 194 CONTROLLERS

CONTROLLERS

CONTROL MODES:
On/Off or Adjustable Time Proportioning.
TEMPERATURE RANGES:
—90 ta 7O0O°F in five overlapping ranges (and equivalent Centi-
grade scales), See Tahles 1l and IV for ranges. Other ranges
available, consult factory
INPUT POWER:
120, 208 or 240VAC, « 109, 50-60MHz, field selectable.
OUTPUT RATED LOAD:
Relay Models — SPDT heavy duty relay rated 10 amps @ 120
VAC, § amps @ 208/240VAC, resistive; 250VA up to 240VAC,
indictive.

— 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, 125 amps @ 208/240VAC, resistive: T60VA up to 240
VAL, Inductive.
TRIAC MODELS — 10 amp modal rated per Figura 1 at 120, 208,
240 VAG. Inrush; 150 amps.
NOTE: Controller must be mounted to minimum of 2 square foot
20 ga. metal panel with both sides radiating, 1 amp pilot duty
model, raled per Figure 1at 120, 208, 240 VAC. Inrush: 50 amps,

1 amp madal 10 amp misdal
A 16
g
-
1.0 T 5+]
-] & ]
!.
1] ]
i ] m an 1o 15 150
AMBIENT F
FIGURE 1
VIBRATION:

Exceeds MIL STD 2020, Method 201A.

104, SPDT Relay and Triac oulpul and 254 models are UL Componeni Recognized. b

REMOTE INDICATING METERING UNIT

TEMPERATURE RANGES:

See Table 1|

ACCURACY:

3% of range when meteris calibrated 1o controller.

NOTE: Accuracies are based on nominal Fenwal thermistor resistance
curvas, Accuracies can be improved through calibeation (o uzer's ther-
mal sysiem

SUPPLY VOLTAGE:

12v0DC, supphed by 194 controtier,

1945 Indicating Meter is UL Component Recognized T

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

AMBIENT TEMPERATURE LIMITS:
Relay Model — 30 to 130°F, aoperating;
Triac Model — 30 to 155°F, operating;
SET POINT ADJUST:

Local or remaots; “Reverse Shaft™ option for thru-panel mount
ing. See HOW TO ORDER Sectian.

SET POINT ACCURACY:

Local sat point typically 5%, of range.

Remote set point typically 3294 of range b
MOTE: Accuracles are based on nominal Fenwal thermistor re- L
sistance curves, Accuracies can be improved through calibration ‘

to user's thermal system. !

SET POINT STABILITY: |
Will not exceed 2%, of span, from nominal, with ambient chang-
es from 30 to 135°F and line voltage changes of + 10%;.

DIFFERENTIAL {On/Off Models):
Typically 0.2°F at mid-range.

BANDWIDTH (Proportioning Models):
Adjustable from 1.0 to 5% of range, typical.

CYCLE TIME (Proportioning Models):

Ralay Model — 15 seconds typical; 10 seconds minimum; fixed,
18 amp Triac Model — 1 second, typical; fixed.

I amp Triac Model — 10 seconds typical: fixed.

LEAD BREAK PROTECTION:

Controller will de-energize heating load on lead break, Power
cut-off is puarantesed over 1. 5M ehms. Controller will de-enargize
heating load on lead short, NOTE: Lead break protection can be
eliminated if required, any range, for cooling applications. Con-
sult factory for details.

TEARMINALIZATION:

Relay Mode!l — 316" Quick connect terminals. 25 amp model, 6"
iead wires, load connections only.

Triac Model — 9 pin Molex plug.

Meter — Pin connectors.

See MODIFICATIONS Section for ordering details.

50to 165°F, storage.
50 1o 165°F, storage,

L

STABILITY: \r
Will not exceed 2%, of range with ambient change from 32 to

130"F, Will not exceed 19 of range with line voltage variations |
of 108, from nominal, r
TERMINALIZATION:

Molex connector with 2° tead wires standard, On multe-point
madels, 12” lead wires with ring terminals for connection to
chanmel selector switch. For different lead lengths, see MODIFI-
CATIONS.

READABILITY:

2.57, Minor scale divisions, 5° on-all ranges.
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FENWAL INCORPORATED
Ashland, Mass. 01721 617/881-2000

ORDERING INFORMATION— SERIES 194 CONTROLLERS

TABLE |
19-404105-100
TYPE CODE
FROPOATIONING 0
CMIOFF Fl
QUTPUT CODE
RELAY —SPOT. 10A o0
| RELAY —DPOT, 104 m
RELAY —SPDM, 25A 04
TRIAG— 1A 10
% Wil IR IREqg T
TRIAG—104 hedt filnk 7
SET POINT ADJUSTMENT CODE
WITHOUT
LEAD LOGAL 1]
BREAK REMOTE F]
PROTECTION LOCAL, REVERSE SHAFT 4
WITH
LEAD LOCAL 5
BREAK REMOTE 7
PAOTECTION LOCAL, REVERSE SHAFT ]
ENCLOSURE CODE
WITHOLT 100
WiTH"* 200

“Emziossd, 14 Trias units are not avallable as standard

1. To order a Series 19-4 controller, specily 1he appropriate code
numbers for (1) type of contraller, (2} autpul, (3) set point adjust-

mant and (4)enclosure. An example of a correctly specified unit is
given Balow,

19-404105-100 Is a proportioning control with 14, trlag ocutput,

lesl 2eipoint ad|ustmint, with lesd break protection and without encla-
Burs

2, NEXT indicate terminalization and specily modification code
numbier, where reguired. When ordering, the modilication code
should appear separately from the controller designation. Exam-
pig 18404 104-100 lcontrolier) with 19-992081.002 (modification).
Note that lead wires and connectors are nol supplied as standard
of Iries models or relay models with remote set paint.

TABLE Il

MODIFICATION

TERMINALIZATION i

SPOT & DPOT, 10A owlput units supplied
with 3B quick conneat tarminals as
standard, User mus! supply 174" guick
connes| mating terminals for power,
thermistor amd ramotle polentiometer.

NONE

SPOM, 25A putputl units supplied with 6
pad wires, load connactions only, Usas
muat supply 114" quick conneal mating
tarminals for power, thesmistor and
remaote potentlometer.

HELAY

MODELS NONE

Ona ool long Fwine conduclor cable in-
cluding 114" female connect larminals;
for remote sel point potentiometers
9-Pin Molex canneciof with sbo pina; for
thermistor and Instrumeani poawser con-
nections of local sel point modeis.

L passemiled

15.582018-001

19-892068-000

8-Pin Molex connector with wire pins; tor
thermiator, inatrumean! power a2nd memota
TRIAC |32 point connections Unassembled

15-093053-000

MODELS |FPin Molex connactor with six 2° lesd
wires attached; for thermistar and In-

19-832060-002
sirument power connactions on local sat '

point modais."*

|5I-Pin Molex connector wilh nine 2' lead
wites altached: for thermistor and |n-
strument power connections on remale
et paint connections.” "

19-982061-002

=2 |aad lengih |4 standard. For difierent lengths, specity desised length
in last thres digits of code number. Ex: 4' = 004; 12° = 012, etc

3. Indicate the tempearature range reguired by selecting a dial fram
Table I, Note: Controllers with triac output and local set point ag-
justment 85 well aa unenclosed relay models with local sat point,
have arbltrary 0 to 10 dial grinted on the control board, For spacial
tefmpergture ranges not lsted In Table 1, consull the Tactory.
When ordering, the digl part Mo. ahould appear separatsly from
the controller designation and the terminalization modification
code number. Ex: 18404105100 (controller) with 19-392061-002
frerminalization) and 06-231013-004 (dial).

TABLE In
DIAL PART NO'S
For Matched For Precision,
Temperature ot Low
Rangs Nencalibrated Tamperatite
Probes Assamblles

-0 12 125°F 0623101 3-5.'.'1 0B-23101 3055

0 1o 200°F DE-231013:002 DE-231013-057
100 1 3TEF 0623101 3003
150 |o B25°F D6-231013-004
275 10 TDO*F DB-231015-005

-T0 o 50°C DB-231013-0m1 DE-231012.0658

=10 ta 100G D6-23101 3012 DE-231012-050
40 1o 190°C 08-231013M3
Do 270G 06-23101 3014
130 10 AT0°C" BE-231013-015

“In this range. ardac controbier less break protection, (set point adjestment
code 0, 2aord) .

n




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

ORDERING INFORMATION — To order & Remote Indicating Meter for & Series 19-4 Controller,
specily the appropriste code numbers for: (1.} Number of proal-
HEMDTE |ND]EAT|MG METER FUH tions, (2} tamperature range, and (3.} cable assembly,
Note: Multi-point indicating units include one maeler driver board
SEHIES 194 CDNTHOLLEH 19-450 per channel, a selector swilch, appropriate wirlng hamesses and
45 53_4_-1_@ conhnociors, together with ona meter. Factory calibrated systems
I are marked 1@ indicate propar channel identification. Far example,
controller ¢1 s marked 1o mate with meter driver board §1 and
swich position 1. User mest specily whethar he wishes the me-
HUMBER OF POSITIONS ON taring wail o be calibrated or uncalibrated. An axample of two
SELECTOR SWITCH CoDE correctly specified units is given below:
TSIH:'=-- :::. $ 18-450032-100 - Single point meter with attached driver board
L - ? ;
=< ey 5 and 2' cable assembiy. 0o 212°F and - 10" to 100" C scalez
Ferur Points 04 10-450534-100 = 5 position salector switch, five meter driver
Five Points 05 board In mounling track, live wiring harmesses one meter wilth |
Bix Points i3 150 10 525 °F and 7010 270" C scales. 1
SEvan Puoints o7 4 ;
Eighr Pomes e i the user wishes a cable pssambly with lead wires longer than ‘
Ning Paints o0 the standard 2 lengths (code 000), ke must specily, per the lol |
Tan Puainis L[4 |C||A||l'lgi 1
MODIFICATION
A E ASSEMBLIES s

Single Sl Poinl Unils—For connection o 18-4 con-
troller—3-Pin Maokes connecior wiin thrag wires st-

TEMPERATURE AANGE ('F & "C]| CoODE tmchied. wilh auick conmect pine, Lesd wire ength to be | 19-BB2068-X00
80" 40 125°F |- &5" 10 50°G) 1 desighabed in 1881 thraa digis Ex & 004, 12 [i %13

0" 1B 2M2°F [~15" + 100°Cj ] aic

100 16 3T5°F (40" 1a 180705 | Multi-point ndcators —For extended cable leagihs oih-

150" to 528" F (70" 10 1707 C) a ¢ than standard 2, desgnale lengin i lat three digis | 19-5H078- XXX

275" o TOO'F (138" 1o 370 oy 5 of modification code. Ex: 4 = 004, 17 = DE otc

*In thes range. celee controller |8ss lesd Dresk prolaclion

Ik ath amponents in the 19-4 It Ly In-
[San Point Adjusiment Code 0 2 o 44 Like tha Lo ponents o & 19-4 Bystermn, the Bamote In

dicating Meter should appear separately from the controller des-
ignation, he terminalization modificatton code number, the dial
part number, and the probe part number(s]. Ex 19-4041056-100
[controlier] with 18-882061-002 (lerminalization), 06-231013-004

CABLE ASSEMBLY CODE (dial), six 28-232103-305 |probes) and 18-450534-000 (ramole (n-
Oithar Than slandard 000 dicating meter) with 19-892074-012 (cable assembly modi-
Standard, 2 long lnad wines 100 fication)

OUTLINE DIMENSIONS
RELAY MODELS TRIAC MODELS (B
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1
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INPUT POWER |
120,208 or 240VAC +1(P, 50-60Hz, field selectable.
UL Limit is 120/208 or 120/240VAC only.

OuTPUT
Heavy duty SPDT or DPDT relay rated 10A @ 120VAC,
S5A @ 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, SYDC minimum into 200
ohms,

SPDM 25A relay rated 25A @ 120VAC, resistive,

AMBIENT TEMPERATURE LIMITS
Operating: 32 to 135°F.
Storage: —25 to 165°F.

SET POINT ACCURACY
(at 77°F ambient and nominal voltage)
Proportioning and ON/OFF models— + 1% typical,
+1"% maximum, of dial span for remote set point
models; + P of dial span for local set point models.
Adjustable set limit models (FM)—-+3% of dial span.
Fixed set limit models (UL}—= %% of dial span {=1.5%
of dial span in 0-700°F range).
Accuracy based on millivoltage for National Bureau of
Standards Tharmﬂcuuﬂle Characteristics.

AMBIENT TEMPERATURE EFFECTS
(CONTROL ACCURACY)

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

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.

TYPICAL APPLICATIONS

Dip tanks
Degreasers

Food processing
Plastics processing
Plating equipment Temperature control
Cooking equipment Packaging machinery
OSHA-related high limit protection Laboratory equipment

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 +1(% from nominal at any band-
width setting. High limit models—Control point will re-
main within +0.2%% of dial span with voltage change
of +10 from nominal.

BANDWIDTH (Proportioning Models)

Adjustable 1 to 3% of dial span, 0-800°F range; 0.5 to
Fo of dial span, 0-2000°F range.

LEAD/BREAK PROTECTION

Proportioning and ON/OFF Models
Relay will de-energize upon an open thermocouple
(500K ohms or greater) with the case grounded, termi-
nal TC+ or TC— 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)

0.2Z% of span, typical.

Control point will remain within + % of dial span with TERMINALIZATION

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.

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.

a3




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

FENWAL

HOW TO ORDER SERIES TABLE Il TEMPERATURE RANGES
543 CONTROLLERS
1. Select desired instrument from Table I. s et B | M ) Bt 3
2. Select temperature range (or thermocouple type) | fe™* | 05000r | 108
from Table Il and add appropriate three-digit suf- g . 19
fix to catalog number. _ 2010 1100°C k ~206
NOTE: For UL Component Recognized (factory- —maapproved | 0.800F ] e
fixed) High Limit units, specify thermocouple type | vmi GO K - 106
from Table Il and add desired fixed temperature oy 8 o -
setting to order. High Limit D-700°F I 113
3. Order apgmpflate thermocouples from pages 36 & | ("ciudira Ul | 0-1200°F K “106
37. See Table Il for compatible ISA type thermo- .
couples.
TABLE |
INSTRUMENT TYPES AND MODEL NUMBERS
SPOT DUTPUT TO EPOM DPRT SPOT
CONTROLLER RELAY BRIVE SOLIB RELAY RELAY RELAY BESCRIPTION
10/54 STATE SWITCH 250 10/5A T |
*54-301111-XXX | 54-301211-KXK |*54-301311-XXX | 54-301411-Xx% | 54-301511-300¢ |  W/0 ©35€ & cover, local sel point |
*54-301113-XXX | 54-301213-XXX |*54-301313-X%X | 54-301413.-XXX | 54-301513.Xxx | “'© “’:ufnf”"'”' e
DHPRE *54-301121-XXK | 54-301221-XKX | 64-301321-XXK | 54-301421-XKX | 54-301521-xxx | W/case & cover. local set paint
LA A01120 XK | 54-301202-000¢ | 54.301323-XX | 54-301423.%KY | 54.301523-XXX ‘“"““:ﬂl"r‘r’.l“" TEmatE bet
FM Approved
Limit {Adjust- | 54-302121-XXX 54-302421-X0X w/case & cover, local set point ol
ahble sat point) : . I‘
I  wio.case & cover, remote reset F
*54-302114-X30% 54-302414-XXX wio u;;‘"i”ié'ﬁrfﬁlﬂﬁfé reset
120
Wi Lint 54-202115- XXX S4-302415-3%X ik ﬁﬂﬁgﬁ rnrg:;t
i . 120/240VAG input
(roctorstst | oesmetonnms v by
st point) wicase & cover, remole resal
*54-302134-X0X 54.302434- XXX 120/240VAG Input .
54-302435-X3X 54-303435-XXX "’““?ﬁ?&’ﬁu’f&‘fﬁ&'ﬁ“
1 *54-303111-X0¢ | 54-303211-XKX | *54-303311-XXX | 54-303411-XXX | 54-303511.300¢ ::"'m:m““' ‘“’“"f";‘jm
*54-303113-XX% | 54-303213-XXX | *54-303313-XXX | 54-303413-%XX | 54-303513-XXX bttt i
Proportioning
*54-303121-XXX | $4-303221-XXX | 54-303321-XXX | 54-303421. XXX | 54-303521-%%X :ﬁ::zim LT:;:LB"'I""‘
*54.303123-XXX | 54-303223-XXX | 54-303323-XXX | 54-303423-XXX | 54-303523-XXX Bolnd
UL COMPONENT RECIGNIZED
OUTLINE DIMENSIONS
WITH CASE AND COVER CIRCUIT BOARD MODEL
. - Elim Ty ik
; B T L T
e - ( ) q
'U_.-
bt 5
=, FLE ] |
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THERMISTOR and THERMOCOUPLE PROBES

THERMISTORS

FENWAL INCORPORATED
Ashland, Mass. 01721 817/881-2000

[ E GLASS PROBE TYPE BARE DISC PROBE TYPE 28-2301
el 180 i Rl 316" DIA. CARTRIDGE TYPE*
J.: L ! P Ayl s Tr STANDARD PROBE
m——; eE Wk q«mﬁlul-'rn:'-':“.'"ﬁ:._ =Mt {
_1 n..—._..-.l..-_ml 1 = el f—— B A b
Wy _“l ; (O -—ﬂ:: S —_—
8. POROOE  [1EN PRONTE OHLY . "_' - i ;*.'.'. [CTT R AP AL ST
T i ' . s DIAME}EH ETRTNDGEW
s Bl & b i FE
HF j—ﬁ B PR _L
' e i Tﬂ "51 -
St f..hr.. vz o AL LI MR S W L 3
28-50 & 54 28-2308
ADJUSTABLE INSERTION DEPTH PROBE COUPLING HEAD TYPE*
- = n 3 —= STANDARD PROBE
_— B W [ 4 BOG AFT |
BhEW T oo ] il | ™ tdEn Tk AT
—— '::i.'-l 'l'.-'."- 1 oo o
=t T _l;mgm ——
PEOAWE T L0 PR L TR _T L —L17 ....,J_I ;F:‘ |
S —FTNETY FEE G 295 § 4 LEwWIHE “I'_ ‘I -r _':EI'-
LI AT [
Fits insertion depths of 1-1/2 to 10 inches with standard 12" cable
’ install bushing, insert thermistor probe to desired depth and
tighten set screw in bushing.
Special Feature 28-982005-XXX extends cables and leads (see page 37)
Load wite all probes except %'~ Ga cariridge Type Wl low \Bmperature precismn 20 GA Tiberglas Al dimansions in aches
Irsudated siranded nickel wire D65 mao. DD, Laad wire on precisen low emperabwre & «22 GA 1ofion
Inmilstnd siranded copper wire 085 max, (0
CARTRIDGE TYPE BAYONET TYPE | COUPLING TYPE
53-111206-0XX 53-131207-00X 53-121202-00X
FIBERGLASS INSULATED
FIBERGLASS INSULATED Hl;mmnll.
A wrnTEw::: {Dl.i. L ook g 1A ISCLON, SRIOER) R ey
S, S, jer USA COLOR conkn; . o, OO e e T o
5 B 1 000 _'_I f | e T
L _ N e 2 o il
S A L
1 B0 o~ o T e Lom L i R
= + 10 e am e e :
I8 000
53-111207-20X ADJUSTABLE INSERTION DEPTH PROBE
: 53-531204-00%
£ 1
- - N [ 1 i
e — ) | i
| b = e ] h—_ﬁ-_,__‘_-_- :
IE “ MO apapiass (Mlatin i _-I _r-
I_“" FHIBMOCOLIPLE WiRD 045 MAT. DL
’ | A COLON CODCA
k J ! £ AWTD THFLOM [MPREGRATED
o e 198 — TN FIBEAGEASS | T ADYIRE
“;":u [LrC ] ha SOLOA CODED
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THERMISTOR PROBES
— 5 ba 750°F - 50 to T5O0°F —50 to 250°F
NOMCALIBRATED MATCHED PRECISIN LW TEMPERATLURE
e T greavcn .
Ml dirscly i ealile i inferchangeabie
May nq?ntmm Far '-:mn or (&l Jccuracy
Bare Probs (% 200001 -00X 220200 00X 25-247003-004, -008 2 TH0003-004
Yo" dia, Carridge {1%) 2301 0G-30% - Z303-300 —— ey
%' dla. Cariridge 3‘: 78-230106-30% 76 232106-30% 75-477106-304, -308 20430105304
W’ din, Cartridge (1%} 8- 210003-30% e _ e
v’ dia, Cariridge (T 76-2101D6-30% — _ —_
76-230803-30% 2B-232803-30% — e
o fouming fasd i 76, 230806. 30 771280630 26-437806-304-306 28-430806-304
Adjustable sariion Ty 28 500403- 20K 502033000 20-5A2405-304, - 108 DH-50400-304
TEMPERATURE RANGES
- Thermistr Rarsge® GuMin Mo
Cartridge 53-111206-00X Thermacoupie Range Suffix Mo 54 to 150°F [~ 80 0 125F) X8
80° Cartridge 53111207 -20% 5 1o 250°F (0 o 200°F —XD4
Coupling Type 53-121202-00K | | -200 o 400°F (Type T) —X00 i fobes- 242 - 1
Bayonet 53-131207-D0X 0 to 1200°F {Type J) — X0 200 b B00°F (150 {6 525°F) KOS
Adj. Insertian 53-53 120400 10 to 2500°F {Type K) -X02 | 300 ta 750°F (275 o T00°F) woy
le i parenfesis lor Series F!IG mﬂ i
L raiErediers
Nt vl i TRAEN Dt contuguaton
NOTES
PROBE SELECTION

Noncalibrated Probes are designed for nonindicating controllers. They re-
quire calibration on inftial installation as wall as when replaced.
Maichad Probes are ideally suited for indicating instruments but can be
used for nonindicating controllers as well They do not require calibration
on inftial installation and have an interchangeability of ~0.9% of scale
ramge. In addition, they provide dial and indication accuracies of better
than B of scale range.
Precision Low Temperature Assemblies may be subsfituted for Matched
Probes in applications up to 250°F. Instruments reguire calibration on in-
itial conversion from Matched Probes, however calibration information is
included with each probe. When ordering controlier and sensor together,
specity Factory calibration per Mod. 2033 for best results. Indication ac-
curacies are typically ™ of scale range. Interchangeability of these as-
semblies s shown below:
SERIES

RANEE SERIES RANGE
PR-P42XXXK-XD4 ZA-24XXXXK-X08
2B-4X2XNK-K04 iy 28-4300(XX-X0B e
28-542XXX-X04 28-54XX)HK-X08
RANGE

28-240XXX-X04

2H-4 0K X% 0 P

2B-5400XX0K-X04

INSTALLATION OF PROBES

RBoth types of probes are tip sensitive. The following will help insure ac-

curate temperature sensing.

1. Liguid applications—In liquids, 3 minimum of % inch immersion is es-
sential for good thermal contact

2 Solids applications—The probe tip should be in direct contact with the
medium 1o be sensed.
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3. N is good practice to run leads separate from power leads to minimize
gtecirical pickup.

SHELL MATERIAL

Type 316 stainless steal

STANDARD LEAD WIRE LENETH

Standard lead wire langth, measured from the tip of the probe asssmbly, s

24" for thermistors and 36" for thermocouples.

PROBES N SHELL ASSEMBLIES

Lead wires—maximum longitudinal pull, 8 lbs.

BAYOMET 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 adaplors. (Cat MNo. 06-126111-000
or 06-126113-000.)

COUPLING HEAD PROBES

Maximum forque 25 ft. |bs,

ADJUSTABLE INSERTION DEPTH PROBES

Standard Adjustable probes with 12.00 inches of armored cable provides
insertion depths of 1.5 1o 10.0 inches.

BARE PROBE ASSEMBLIES

Lead wires—maximum longitudinal pull 5 lbs.

Dielectric strength 1500 VAC for one minute, bath leads to shell except

bare assemblies and 300 to 750°F ranga,

FITS AMD 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. I'Elawnei style probes require 0.261 diameter drilled

I&E_Iﬁ.m.hg]llkstabie Inser’rmn Depth probes require 0.290 diameter
i Dle.
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MODIFICATIONS FOR THERMISTOR and THERMOCOUPLE PROBES

EXTENDED LEAD WIRE LENETHS

MOD, ?A—Lead wire extension is available to any reasonable
length. Normal lead wire length of 24 inches (from the tip of the
wrobe to fhe ends of the leads) is supplied unless this modi-
ication, 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

I;umﬂﬂn Number| Lead Wire Langth fit:|
Miaterial Min.  Maz.

1314 Copper/Constantan B 470

1318 IroriConstantan 0 150

131C Chromal/Alumal 0 25

IMPORTANT —AN Fenwal lead wire lengths sra maassred from the end of the thermo-
couple probe Stamiard thermooouple probes are provided with 36 kead wires and
the smaunt of wire extending from the ead of the probe is determined by the length
of the probe. Examgld: Retes 1o Carridge Type Swralght Probe—Laad Wire Length €
payond end of probe 15 337, Length of probe A is 3, Merefore, TOTAL LEAD WIRE
LENGTH B which shoukd be ordered (5 36

Ueterming temperature range, lead wire length and specily appropriaie Mod No. on

order. Exmmple: Mod 1315, B7 inches.
CABLES AND BRAIDS
MOD. 135—The addition of staintess steel armored cable to any

0187 diameter probe except adjustable depth types—See Special
Features.

MOD. 140—The addition of stainless steel braid 1o 0.187 probes.

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 liguid or gastight appli-
cations, This modification is shipped unassembled tor installation
in the field,
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SPECIAL FEATURES

S.F._ 53-962005-X X% —Extanded Armared Cable and Lead Wira, {Applicable to
Adjustabie Insertion Depth Probes only.}
Extension of both armored cable and lead wire in 1 inch increments. fn-

dicate length required in last three digits Ex: SF.53-082005-024 - 24
mch length

SF. 54—Extended Lead Wires for Bare Probe Series—This feature
exiends lead wires of bare probes in one foot increments. Due to
Ihe possibility of damaging the probe, we recommend that this

feature be accomplished at the factory.
HOW TO ORDER
1. Decrde on the Type of probe required—cariridge, bayonet coupling,

gl

2 Mexi select the probe configuration. straight 80° o adjustable in-
sertion depth probe

SF. BA—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 "2 inch. For example, extension would be as follows:

Basic Probe Overall Probe
Length “L" Extension Length "L
1% 10" 11"
2 9" e

3" g 12"

3. Choose the probe temperature range that covers the tTemperature range
ot your Fenwal Controller and add appropriate catalog number to your

order.

4, When a Modification and/or Special Featurs |s desired, include the
number(s) on your purchase order,

ar
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DIRECT SPARK IGNITION SYSTEMS & PILOT RELIGHTERS

for use on heating equipment with power vent or open flame type burners

Fenwal Direct Spark Ignition Systems eliminate the need for con-
stant pilot flame which can waste costly fuel. At the same time, s
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. Imput 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
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CONTROLS DIVISION

ALABAMA

Birmingham, 35223
Applebea-Church, Inc.
13 Oftice Park Circle - Suite 22
{205) 8754417

ALASKA
Reler 1o Seattle, WA

ARIZONA
Refer to Van Nuys, CA

ARKANSAS

Cantral and Wesl
Aatar 1o Tulsa, OK

East
Refoer to Memphis, TN

CALIFORNIA

Cakland, 94608
Belilove Company, Engineers
960 Arlington Avenue
P.O. Box 8812
(415} B58-0011

Wan Nuys, 91406
Pacific Tharmal Salas, Inc.
G740 Balboa Blvd.
{213) 9971772
(213) B73-6262

CANADA

Pointe Claire, Quebec, H3R 1G3
Canadian Chromalox Company
243 Hymus Bivd.

{514) BET7-1131

Fexdale, Toronto, Ontario, MEW 1R4
Canadian Chromalox Company
210 Rexdale Bivd.

(416) 7438000

COLORADO

Englewcod, 80110
E & M Sales, Ing.
3990 5, Lipan Street
(303 TH1-6202

CONMNECTICUT

MiddIgtown, BB457
Littman and Greer, Ing,
Cos Ave. at Randolph Road
P O, Box 781
(203) 3474655

DELAWARE
Refar to Narberth, PA

MSTRICT OF COLUMBIA
Retar 1o Ellicott City, MD

FLORIDA

Miami, 33152
Ludium Associates Co.
BO25 N. W, 42nd Street
P. O. Box 52-3337
{305} 58286523

Orlando, 32803
Ludlum Assaclates Co,
999 Woodcock Road, Suite 110
P. Q. Box 6274
{305) 8947761

GEORGIA

Atlanta (Chamblea), 30341
Applebes-Church, Inc,
2375 John Glann Drive, Suite 102
P. O, Box BO186
(404) 451-2747

HAW Al
Reler to Dakland, CA

IDAHG

Morth
Refer 1o Seattle, WA

Central and South
Refer to Salt Lake City, UT

ILLINDIS

Haorthwes!
Refer to Davenpart, 14

Martheast and Cenlral
Rivar Forest, B0305
Tourtalot Co.
7716 Madison Stresl
P. O, Box 313
[312) 7718300

South
Reter to St Louls, MO

INDIANA

Morthwest
Refer to River Foreat, IL

Mortheast, Central and South
Indianapolis, 46240
Couchman.Conant, Inc.
10085 Allisonville Road
Box 40222
{317} B49-9890

I0WA

Davenport, 52801
Valoco Company

911 Kahl Building 326 W. Thind 5t.

(319) 326 5233

KANSAS

Overland Park, 86214
Richard Greene Co.
11882 Wast 9151 Street
(813) 4925886

REPRESENTATIVE LISTING

KENTUCKY

Wes!
Refer to Si Louls, MO

Cenlral and East
Refer to Gincinnati, OH

LOUISIANA

Balon Rouge, TOB1S
Ross & Pethtel, Inc,
1258581 5. Harrell's Ferry Road
P. O. Box 15223
(504) 203-0520

MAINE
Reter to Ashland, MA

MARYLAND

Wesi
Refer 10 Pittsburgh, PA

Central and East

Elligot Clty, 21043
MeCourt Company, Inc.
9070 Chevrolet Drive
P. Q. Box B27
(301) 465-4515

MASSACHUSETTS

Wast
Relar to Albany, NY

Wasat Cantral
Reter to Middletown, CT

Central and East
Aszhiand, 01721
Fenwal Incorporated
Mew England Distriet OHice
Main Strest
817) BA1-4800

MICHIGAN
Grand Raplds, 49508

Smith Instrument Grand Rapids Corp

3685 Hagen Drive, 5. E
(616) 245-2259

Midiand, 48640
Smith Instrument & Eguipmeant Co.
1814 Austin
(517) 496-9250

Warren, 46089
Smith nstrument & Equipment Co.
24487 Gibson Drive
P. 0. Box 1066
(313) 755-3110

MINNESOTA

Minneapolis, 55426
Volco Company
7505 Highway No. 7
P. O, Box 26363

(612) 933-6631 ag




MISSISSIPPI

Marth
Reter to Memphis, TN

South

Jackson, 39208
Aoss & Pathtel, Inc.
P 0. Box 20245
(B01) 355-THAZ

MISSOURI

Si. Louls, 83132
Richard Greena Co.
1235 Reseaich Blvd.
(314) 994-0222

MONTAMA
Hefer to Salt Lake Gity, UT

MEBRASKA

Wesl
Refer to Salt Lake City, UT

Central and East

Omaha, 68106
Volco Company
700 West Central Hoad
(A02) 393-5141

MNEVADA

South
Refar to Van Nuys, CA

Norih
Reler to Oakland, CA

NEW HAMPSHIRE
Aafar to Ashland, MA

NEW JERSEY

North

Chifton, 07013
Faber Associates
P. 0. Box 2000
460 Colfax Avenue
(201} T73-8900

South
Refer to York, PA

HEW MEXICO

Albuguerguea, B7T07
E & M Sales; Inc
2840 Vasser Blvd, N.E
(505} BA3-8955

MEW YORK

Albany, 12205
The Robert F. Lamb Co., Inc.
M 0. Box 5083
{518) B63-3355

Buftalo, 14217
The Robert F- Lamb Co., Ing
1865 Kenmore Avenue
(716 BT 4-4530

MNew York City & Long Isiand
Faber Associates, Inc,

See New Jarsey Listing lor Address
(212 847-4100
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NEW YORK {continued)

Rochester, 14522
The Robert F. Lamb Co., Ing.
4515 Culver Aoad
[716) 544-5580

Syracuse, 13211
The Robert F. Lamb Co., Inc.
1680 Pickard Bidg.
P.O. Box 2B
E Malloy Road
{315) 454-2460

NORTH CAROLINA

Matthews, 28105
W. K. Hila Company, Inc.
B33'W. John Streot
P. O, Box 1015
{704} B47-0125

NORTH DAKOTA
Refer {o Minneapolis. MN

OHIQ

Cincinnatl, 45240
Arnold & Associates, Ine.
11070 Southland Road
1513} B51-7200

Cleveland, 44120
Anderson-Bolds, Inc.
11701 Shaker Blvd.
(Z16) 2294700

Worthington, 43085
Anderson-Bolds, Inc.
P. 0O, Box 123
(614) BB5-3033

OELAHOMA

Tulsa, 74135
Driscofl Automatic Contral Ca,
3545 E. 515t Strest
PO, Box 74152
[G18) T47-6625

OREGOM
Refer to Seattle, WA

PENNSYLVANIA
Marberth, 19072

Clifford B, Ives & Company, Inc.

114 Forresl Avenue
[215) B39-6850

Pittsburgh, 15237
Gilson Enginesnng Sales, Inc.
978 Perry Highway
{412} 9316114

York, 17405

Cliftord B. Ives & Company, Inc.

2568 M. George Straat
P. 0. Box 2006
(717 Te4-85T1

PUERTO RICO

Hato Hey, 00919
Badrera & Perez, Inc
225 Carpenter Road
P. Q. Box 1835
{B09] TET-2467

RHODE ISLAND
Rafer to Ashland, MA

SOUTH CAROLINA
Refer i Charlotte, NG

SOUTH DAKOTA
Refer 1o Minneapolis, MN

TENNESSEE

Knoxyilla, 37519
Hile Controls of Tennesses, |no.
P. O. Box 11003
B712 Kingston Pika
[615) 573-0700

Memphis, 38112
JordaniMarlariHale, Iné
426 Scott Street
(901) 452.Tad1

Mashville, 37217
JordaniMarlariHale, Inc
1276 Murfreesboro Road, Sulte G
{B15) 361-3006

TEXAS

Dallas, 75251
Don Shuhart Company, Inc
12011 Coit Road, Suite 106
{214) 2390185

Houston, F7040
Gaumear Company, 1nc.
13240 Hempsiead
{T13) 460-5200

UTAH

Salt Lake City, B4101
E & M Sales, Inc
A28 W, 2nd South
{B01) 521-2111

VEAMONT
Hefar to Ashiand, MA

VIRGINIA

Mortheast
Reder to Ellicott City, MD

East, South and Weasl
Chester, 23831
Hile Controls of VA Inc
P. O, Box 894
[B04) 2750799

WASHINGTON

Sealtie, 38108
Seatronics, Inc
515 South Michigan Straat
[208) TET-R2T2

WEST VIRGINIA

Refer to Plitsburgh, P&

WISCONSIN

Milwaukes, 53215
Gordon Hatch Company, Inc,
635 South 28th Siresat
(414) 6716550

WYOMING
Refer 1o Salt Lake City, UT

)
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. LIMITED WARRANTY STATEMENT

Fenwal Incorporated represents that this products free from delects in material and workmanship, and
it will repair or repiace any-product or part Ihareod which proves to be defective in warkmanship or malerial
lara period of twelve (12} months after installation by the buyer but not fo excesd eighteen (18) months aller
shipmant by the saetier. For a full description of Fenwal's LIMITED WARRANTY, which among other things,
limits the duration of warranties of MERCHANTABILITY and FITNESS FOR A PARTICULAR PURPOSE and
EXCLUDES liability Tor CONSEQUENTIAL DAMAGES, piease read the entire LIMITED WARRANTY an the
Fenwal Quatation, Acceptance of Order andfor Original Invoice which will bacome a part of your sales agrea-
ment, Delective wnils should ba meturned to the factory, Ashland, Massachuselts, shipmenl prepaid.
Ferwal Incorporated will repair or replace and ship prepald
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