HEATING CONTROL

HANDBOOK

for the

INSTALLER

and

SERVICE MAN

OIL BURNER
GAS BURNER
AND STOKER

CONTROLNS

SA1399-2 S50M 3-49 Fifty Cents Printed in U.S.A.



2

——————-——— GUIDE TO CONTENTS =

DEFINITIONS .
CODE IDENTIFICATION

CONTROL CIRCUITS (SERIES)
Series 40 and Series 80
Series 10 Circuit .
Review of Series 10 .
Uncolored Thermostat Cable .
Series 20 Circuit .

THERMOSTATS .
Installation .
Setting and Ad_]ustmg
Calibration (Series 10)
Calibration (Series 80)

LIMIT CONTROLS
Warm Air Limit Controls .
Hot Water Limit Controls .
Steam Limit Controls—Pressuretrols .
Lo-Water Cutoffs .
Summer-Winter Installatmns

OIL BURNER CONTROLS .
“Do’s and Don’ts” . .
RA116A-RA117A Protectorelays
R177A Protectorelay .

R114 Protectorelay
R161 Protectorelay
Pyrostat—Protectostat .

TROUBLE-SHOOTING BY ELIMINATION
(SERIES 10 OIL) .

Page

6-12

11
11
12

. 13-18

14
15

. 16-17

18

. 19-24

20
21
22
23
24

. 25-40

26

. 27-29
. 30-31

32

. 32-33

34

35

TYPICAL CONTROL SYSTEMS (OIL-FIRED) 36-38

R177 Control System

SERIES 10 THERMOSTAT (WALL-PLATE
CONNECTIONS) .

31

39



GUIDE TO CONTENTS ———— ————

Page

THERMOSTAT HEATERS (SERIES 10 OIL

BURNER CONTROLS) . . . . . . . . . .. 40
STOKER CONTROLS . . . . . . . . . . . . 4150

“Do’s and Don'ts” . . . e 42

Adjustments—Timer and Clock Ce e 43
TYPICAL CONTROL SYSTEMS

(STOKER-FIRED) . . . . . . . . . . . .. 4449
THERMOSTAT HEATERS (SERIES 10

STOKER CONTROLS) . . . . . . . . . . . 49
TROUBLE-SHOOTING BY ELIMINATION

(SERIES 10 STOKER) . . . . . . . . . .. 50
GAS BURNER CONTROLS . . . . . . . . . 51-70

“Do’s and Don’ts” . . . e 52

Solenoid Valves—Series 10 Coe . 53

Solenoid Valves—Two-Wire (V44, V84 V435 V835) 54

Diaphragm Gas Valves (V148, V149, V448) . . . 55

Diaphragm Valve Controllers (V166, V466, V866) 56
Diaphragm Valves (V117, V417, V817, V118, V418,

V818, V119, V419, V819) . . . . . . . . . . 57
V155 Motorized Gas Valve . . .. . . . . . . .58-59
Liquefied Petroleum Gases . . . e 60
Automatic Pilots (C409, C418, C509) Coe 61
Service T1ps—Genera1 e 62

TROUBLE-SHOOTING BY ELIMINATION
(SERIES 10 GAS) . . . . . . . . . . . . . 6263

TYPICAL CONTROL SYSTEMS (GAS-FIRED) 64-67
SERIES 10 GAS VALVES (TERMINAL

CONNECTIONS) . . . . . . . . . .. ... 68
THERMOSTAT HEATERS (GAS BURNER
CONTROLS) . . . . . . v v i i i i i .. 69

TRANSFORMER SPECIFICATIONS
(GASVALVES) . . . . . . .. ...... 70



— DEFINITIONS

Control circuits are classified broadly as either line voltage or low
voltage, according to the voltage at which they operate.

Line voltage circuits are taken directly off the line and have the
full voltage of the line from which they are taken. Thus, if we are
discussing a line voltage control wired to a 115 volt (or 230 volt) cir-
cuit, all of the controls and the associated wiring must be suitable
for the full line voltage, in this case 115 (or 230) volts.

Low voltage circuits usually operate at 25 volts, and if the supply
is alternating current, a transformer is connected across the line to
reduce the voltage to 25 volts. Thus low voltage controls and their
wiring are designed to operate at 25 volts. It is usually more con-
venient and economical to use low voltage control circuits with suitable
switches (relays) to handle the line voltage necessary for operating
equipment such as blower motors, oil burner motors, circulators, unit
heater fans, etc. For example, a Series 10 oil burner relay has switching
contacts for line voltage loads and also has a built-in transformer to
furnish low voltage for the control circuit. (Note that the “Series 10"
designation refers to the thermostat side of the relay circuit, not to
the load circuit of the relay.) Low voltage gas valves, however, are
supplied with external transformers.

115 VOLTS
60 CYCLES
TRANS., LINE
_n% GONTROL CIRCUITS
ARE EITHER
20-25 LOW \S%LTAGE -
VOLTS LINE VOLTAGE VOLTS ¢

Line voltage controls (thermostats, etc.) may be used on low voltage
circuits (if the type of switching action is correct). Low voltage con-
trols MUST NOT be used in line voltage circuits.

A control system normally consists of one or more controllers
and a primary control. Controllers in the broad sense include
operating controls, such as room thermostats; Iimit controls,
which are used to prevent excessive temperatures or pressures in the
heating plant; and low Iimits, which are used to maintain tempera-
ture or pressure in the heating plant above a selected minimum.

Primary controls are the final control units which directly regu-
late burner operation. They may be gas valves, oil burner relays, or
stoker relays. Plain switching relays are often used to make and
break circuits that the thermostat, for example, cannot handle directly—
because of the heavy current or voltage load, or because two separate
circuits must be closed simultaneously.



————— DEFINITIONS; CODE IDENTIFICATION -

Every controller has a differential—the difference in temperature
or pressure between ‘“cut-in” and ‘‘cutout.”

Calibration of a controller is the adjustment of the mechanism to
make the scale reading agree with the actual temperature (or pressure).
Occasionally a room thermostat, for example, may need recalibration
in order to maintain actual room temperature at the scale setting.

CODE IDENTIFICATION

Honeywell type numbers are based on a simple code for identifying
controls as to purpose, circuit type, and voltage, enabling you to
select the proper control for a given application.

A—Accessories, such as switch elements (AS—) or transformers (AT—).

C—Combustion Controls (Pyrostats, Protectostats, Stackswitches,
Pilotstats); and Lo-Water Cutoffs.

H—Humidity Controls (incl. combination humidity-temperature con-
trols.)

K—Motorized Valve Assemblies: control flow of steam, water or air.

L—(or LA)—Limit Controls (Aquastats, Airstats, Combination Fan
and Limit, Furnacestats, Vaporstat, Vacuumstat, high pressure
Pressuretrol, and some remote bulb temperature controls).

M—Motors (Electric Janitors, damper motors, circulators).

P—Pressuretrols (low pressure only).

Q—Accessories (example, auxiliary switches).

R-—Relays (intermediate or switching, Protectorelays, Stokerelays).

S—Switches (Time-O-Switch, Stokerswitch, Da-Nite Time Switch,
manual switches).

T (or TA)—Thermostats (Acratherm, Chronotherm, Da-Nite Acra-
therm, Time-O-Stat, and line voltage) and most remote bulb
temperature controllers.

V—Valves (Solenoid, Motor, and Diaphragm) and valve bodies (less
operator).

W—Accessories (certain types; for example, dampers).

Y—Packaged Sets.

NOTE: The “A” following the type letter, as in LA or TA, indi-
cates a redesign of a previous model having the same function.

The first numeral in the type number indicates the ‘‘series” classi-
fication of the control:

T11A  (TI) = Series 10 T21A (T2) = Series 20
RA117A (RAI) = Series 10 LA419A (LA4) = Series 40
V155A =Series 10 V435A =Series 40 V835A = Series 80

T847A =Series 80 LA101A =Series 10 V575A =Series 50
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———————— CONTROL CIRCUITS (SERIES) ————

The specifications for each type of device shown in the Honeywell
catalog list the electrical control circuit to which it is applicable.
The control circuits in common use are named Series 10, Series 20,
Series 40, Series 60, Series 80, and Series 90 (see table opposite).

With few exceptions, thermostats designed for operation with one
control circuit will not function with controls arranged for another con-
trol circuit. Series 10 thermostats should be used only with Series 10
primary ccntrols; Series 20 only with Series 20, etc. The primary con-
trol used in each case determines the control circuit. (Primary controls
are relays, Protectorelays, gas valves, control motors, etc.)

The high limit control should be wired into the circuit at the right
place to insure absolute shutdown of the burner when necessary. For
example, we specify Series 40 high limit controls with oil burner systems,
so that the limit switch can be wired into the ‘hot” line to the
Protectorelay (but not between the relay and the burner motor, for
then the relay would ‘‘go out on safety’ if the thermostat demanded
heat during a limit shutdown). With a Series 10 gas valve, on the other
hand, a limit control in the circuit between thermostat and valve can
shut the valve but will not interfere with the automatic “recycling’
feature on manual operation of the valve. With a Stokerelay, we
normally put the limit switch between the relay and the stoker motor,
to avoid stopping the timer motor.

SERIES 40 (Line Voltage) And SERIES 80 (Low Voltage)

Series 40 and Series 80 control circuits are the simplest types—
both two-wire circuits. As the diagram indicates, each consists essen-
tially of a controller with single-pole single-throw positive-action
switching means connected in series with a two-wire device (motor,
valve, or relay), The controller makes the circuit in the ‘“‘on” position
and breaks it in the “‘off” position.

ELEMENTARY LINE ELEMENTARY
gL'NEﬁ SERES 40 CRCUT 4" 4 SERES 80 CRGUIT

J

=== TRANS.

LOW VOLTAGE
GONTROLLER

S.PS.T
POSITIVE GONTAGT

LINE VOLTAGE
GONTROLLER

S.PS.T
POSITIVE CONTACT

L AVEl MOTOR. VALVE|
MOTOR, VALVE, .
OR RELAY OR RELAY

LINE VOLTAGE LOW_VOLTAGE
DEVICE DEVICE



SERIES 40 AND 80

The difference between Series 40 and Series 80 is that a Series 40
control circuit takes its power directly from the line, whereas the
Series 80 circuit is supplied with low voltage (20-25 volts) from a
transformer. The Series 40 controller therefore may operate a line-
voltage device such as a blower motor directly (or through a relay
where the load is too heavy for the controller or where multiple-circuit
or sequence switching is required); but the Series 80 controller may be
used only with low-voltage devices such as a gas valve, or a relay
where a line-voltage device must be controlled. Therefore, a Series 80
control may be used only in a low-voltage control circuit, although a
Series 40 controller (thermostat or limit control) may be used in a
low-voltage circuit as well as on line voltage.

Series 40 circuits normally require wiring in conduit or armored
cable; in Series 80 circuits, exposed low-voltage cable may usually
be used (see your local electrical codes).

In a two-wire circuit (Series 40 or 80) with a gas valve, the high
Iimit control, if used, is normally connected in series between the
thermostat and the valve. In a Series 40 (D-C) oil burner system,
however, the high limit should be connected into the ‘“hot’’ line to
the Protectorelay or Lockswitch, to insure positive shutdown of the
burner (without false safety shutdown). And on a D-C stoker control
system, the high-limit control normally is connected between the
Stokerswitch or relay and the stoker motor.

Where a low-limit control is used, it should be wired in parallel
with the thermostat so that either controller can energize the load
or primary control. The high-limit control should always be able to
shut off the valve or stop the motor regardless of the thermostat or
low-limit control.

Typical ‘examples of Series 40 control circuits are the following:

1. A gas-fired unit heater with line-voltage thermostat operating
both gas valve and fan motor;

2. A furnace fan control directly operating the blower motor;

3. A line-voltage thermostat and Series 40 Protectorelay or Lock-
switch on an oil-burner system in a D-C power district.

A typical example of the Series 80~circuit is a two-wire thermostat
operating a two-wire low-voltage gas valve, with an external trans-
former supplying the low-voltage power for the system.
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—————— - SERIES 10 CIRCUIT -——————— -

Fig. 1 illustrates the basic Series 10 circuit as applied to a simple
relay such as the R19A. The diagram includes a thermostat but no
limit controls. A Series 10 relay normally includes a built-in trans-
former, and one or more line-voltage load contacts (No. 2).in addition
to the low-voltage “holding”’ contact (No. 1). A Series 10 valve does
not usually include a load contact, and is used with an external trans-
former, but otherwise the basic circuit is identical. The coil may be
the magnetic coil that “pulls in’’ the armature in the relay, or a solenoid,
motor, or relay type coil in a gas valve. Every Series 10 primary con-
trol has a ‘“‘holding” contact that closes when the coil is energized.

Fig. 1—Simple Series 10 Circuit.

LINJE WARM

- —

———= TRANSFORMER
(W)-—- {W———|FLEXIBLE
BLADE

No§| NO2 L
N0 (R oo, STIFF

BLADE
HEATER

O e e —-_—

Fig. 1 shows the thermostat “satisfied”” (both contacts open). The
thermostat is arranged so that on a drop in temperature the flexible
blade first ‘“‘makes’ the White contact, and then the stiff blade, the
Blue. On a temperature rise, the contacts break in reverse order.

In Fig. 1, heavy lines represent line-voltage circuits, and lighter
lines represent low-voltage circuits. The broken lines indicate external
wiring (between control units).

In tracing the operating cycle through the following diagrams,
however, please remember that:

1. Line voltage circuits are omitted to save space, but current is

taken as supplied to the transformer primary continuously.

2. Contact 1 (and No. 2 on a relay) is closed whenever the coil is

euergized. (In a valve, the valve seat is also opened.)

3. Solid lines indicate wires in which current is flowing.

4. Dotted lines represent inactive circuits.

Fig. 2—Thermostat Satisfied

/TO_ 1. Ail contacts open

w
/ 2. No Current
(8)

Nl -

T

> —————————-



ot

10

Fig. 3-—Slight Temperature Drop

Fig. 4 —Further Temperature Drop
. Both closed

W—
2. Stamng circuit made -—<

3. Coil energized

Fig. 5--An Instant Later
or VQIVE opens
—(W) >

3. Low resistance, full current

—_— 1. Relay pulls in
(TTVY -

2. Holding contact closed

®
§

@
N4

Fig. 6—Slight Temperature Rise

SRR N
\W/

2. Starhng circuit broken 3. Holdlng circuit active

‘ 4. Armature holds in . Tyt .

5. Full current through heater

1. Blue opens

\\\H l/,/

\ 4

7
Fig. 7--Further Temperature Rise
1. White opens

@- ..--....@-..p

3. Coil de-energized 2. No current

olding contact

5. Valve closes or burner stops

opens
e - - -——----
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REVIEW OF SERIES 10

The following problems will help you to get the Series 10 circuit
firmly in mind. Refer to the preceding diagrams to see ‘“Why?”’ in
each case.

Open circuits due to poor splicing, loose terminal screws, broken or
defective wire.

1. Break in white wire? Thermostat can’t pull in the relay (open the
valve), nor hold it in (open) after momentary shorting of W-B at
the relay or valve.

2. In blue wire? Thermostat can’t pull in relay (valve) but can hold.

3. Broken red wire, or loose heater plug screw? Short cycling on
blue contact—single-point operation.

Short circuits resulting from careless wiring at terminals or broken
insulation.

1. Shorted white to blue? Relay or valve stays ‘‘on”’ unless power
supply is cut off by limit control, switch, or disconnecting wire
at transformer.

2. Shorted red to white? Thermostat can start but can’t stop burner.

3. Shorted red to blue? Short-cycling (single-pointing) on white
contact alone.

Interchange of color coding through careless wiring at terminals or
at splices.

1. White, blue interchanged? Short-cycling on blue contact.
2. Blue and red? Short-cycling on white contact.

3. Red and white? Normal operation except heater is effective at
once, resulting in shorter operations than normal.

UNCOLORED THERMOSTAT CABLE ‘m

Suggested method for determining and labeling wires of thermostat
cable that is not color coded (Series 10).

1. With the three wires properly connected at the relay or valve, hold
the three bare wires, at the other end, together.

2. Remove one wire—if the burner stops, this is the white wire.
Attach it to the W terminal of the thermostat.

3. If burner does not stop, hold all three bare ends together again
and try another wire until the white wire is found.

4. After the white wire has been found, and secured to the W ter-
minal, one of the remaining two wires will start the burner when
shorted to the white. This is the blue wire. Connect it to the B
terminal.

5. The remaining wire is the red and should be connected to the R
terminal.

KEY TO SERIES 10 CIRCUIT
B to W—Pull-In Circuit R to W—Hold-In Circuit



12

SERIES 20 CIRCUIT —

As shown in the diagram, the basic Series 20 circuit consists of a
low-voltage controller with S.P.D.T. switching action, a transformer
(external), and a low-voltage, two-position motor. The motor is uni-
directional: the shaft rotates 180 deg. to open the damper or valve,
and completes the remaining 180-deg. rotation to close. A cam-operated
maintaining switch in the motor (1) insures positive maintenance
of the circuit through each half-turn, and (2) stops the motor at the
end of the half-turn. (See operating sequence below.)

COLD  WARM COLD ~ WARM COLD ~ WARM
O FR® 0 Y@ —®
1
i
b ®

T
I
1
i
!
|
|

THERM{OSTAT

@

1. At A, the thermostat has just made Red to Blue on a drop in room
temperature. The circuit is completed through R-B and maintaining
switch MS2, energizing the motor.

2. Motor starts rotating with the arrow, and MS1 closes as shown at B.
Now, even if the floating contacts of the thermostat open, the
motor will continue to run.

3. At C the motor is shown at the end of its 180-deg. travel. Main-
taining switch MS2 has opened, stopping the motor.

4. On a rise in room temperature, the thermostat first opens R-B,
and then closes R-W. The motor then runs through its closing stroke
of 180-deg., in the same manner already described—except that
MS?2 is the “maintaining’ contact after initial movement, and MS1
opens to stop the motor at the end of the 180-deg. stroke.

Important: Series 20 devices should be used only with other
Series 20 devices.

A high limit control in a Series 20 circuit must be connected between
the thermostat and the primary control in such a manner that it can
drive the motor to the “off”’ position. This is accomplished by breaking
the Blue circuit (or the Red) from motor to thermostat and making
positive contact between Red and White of the motor (reference to
the diagram will show how this prevents the thermostat from operating
the motor and positively drives the motor closed).
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TA42 T491B

TI19A

T147, T247, T847 T848A ‘“‘Plug-in’’ Chronotherm



14

— THERMOSTAT INSTALLATION ———M———

Things to DO—

1.

Pick at least two good locations before asking the
customer to choose.

Use new thermostat cable.

Plug hole in plaster to prevent drafts from affecting
thermostat.

Run wiring color-to-color; red wire to R terminal, blue
to B terminal, white to W.

Chronotherm: wire clock transformer primary to un-
interrupted line to avoid stoppages.

Use the clock transformer furnished with the Chrono-
therm.

Advise home owner not to place Jamp or radio under
thermostat.

Things NOT to DO—

1.

2.

3.

Don’t wait for customer to choose a poor location
and try to argue him out of it.

Don’t reverse wires or make careless errors in
splicing.

Don’t connect doorbells, toy trains, or any other
load except the clock to the Chronotherm clock
transformer.

GOOD Thermostat Locations—

1.

2
3.
4

In the living room; sometimes, dining room.
About five feet from the floor.

On an inside wall.

In good natural air circulation.

POOR Thermostat Locations—

1.
2.
3.

Nouh

®

Don’t mount it in kitchen, bath, or entry.

Don’t ‘““freeze’’ it on an outside wall.

Don’t hide it in an alcove or behind an open door
or behind furniture.

Don’t mount it where cold drafts can strike it.
Don’t mount it next to concealed pipes or ducts.
Don’t mount it in direct rays of sun.

Don’t mount it in the air stream from a warm
air register.

Don’t mount it over lamp, radio or other source
of radiant heat.

REMEMBER-—that a neat and satisfactory thermostat in-
stallation is good advertising for the entire heating plant.
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———— THERMOSTATS—SETTING AND ADJUSTING ——————

Things to DO—

1. Install thermostat first, and let it reach room tempera-
ture before checking operation of the system.

2. Make sure the right heater plug is used (see p. 40, 49,
or 69 for heater plug specifications).

3. On l-pipe steam, increase differential to 3 or 4.

4. Check operation of the completed installation.

Chronotherm: Things to DO—

1.
2.

Use external hand wheel to set clock.

Make sure day-night indicator in clock face shows white
by day (6 a.m.—6 p.m.), black by night (6 p.m.—6 a.m.).
Consult user for desired settings of ‘setback’ and
“pickup’ time.

Instruct customer how to set temperature indicator,
and how to postpone night ‘“‘setback.”

Things NOT to DO—

1.

b

Don’t calibrate a thermostat at installation—give
it time to ‘““settle out’’ under operating conditions.
Don’t check calibration of a Chronotherm unless
the clock has been running (with cover on) at
least two hours.

Never bend blades or contacts.

Don’t recalibrate with blue contact screw (see
‘““Recalibration,”” on the next page).

Don’t set. Chronotherm clock by moving clock
hands.

NEVER file or scratch thermostat contacts.

Before checking calibration, remember—

1.

Burner should be “off” for 10 minutes to allow heater
plug to cool.

Thermostats are carefully adjusted at the factory.
They are so sensitive they are easily affected by warmth
of breath or radiant heat from hands or body.
Chronotherms are factory adjusted to allow for heat
from the clock.
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J ———————— THERMOSTAT CALIBRATION —/—————————

Series 10

Series 10 thermostats are calibrated to make Blue (start the burner)
when the temperature falls to scale setting, and to break (or make)
White at setting plus differential. Main scale calibration is done by
adjusting a calibration screw; differential setting is made by the White
contact screw. The Blue screw should not be adjusted unless differential
does not agree with differential scale setting (refer to instructions
packed with Q56A Tattelite).

The best way to calibrate a Series 10 thermostat (particularly if
main scale error is not known) is with Q56A Tattelite to signal when
White makes and when Blue makes.

T11A Acratherm~—If Error is Known:
Main scale may be corrected by steps shown in diagram.

(3)TURN CALIBRATION SCREW
~#TO RAISE TEMPERATURE
ATO LOWER TEMPERATURE

(1)SET DIAL AT 55°
SO THAT CALI-
BRATION MARKS
CAN BE SEEN

4$HMARK ON CAM MOVES
ONE DIVISION ON
—SCALE FOR EACH ¢°

_ (35 LOOSEN LOCKSCREW,
RESET DIAL FOR DE-
SIRED TEMPERATURE

(@TIGHTEN LOCKSCREW—

T11A Acratherm—Error Unknown:
Correct main scale with aid of Tattelite as shown.

1 Attach Tattelite clips as shown.
2 Set dial at room temperature.
3 Tighten lockscrew.

4 Turn calibration screw ¥\ to open
both contacts.

5 Wait 10 minutes for heater plug to cool.

6 Turn calibration screw SLOWLY /g
until Tattelite (1) lights up and (2) goes
out. This is when burner starts.

7 Loosen lockscrew, reset dial for de-

sired temperature.
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Calibrating T147A Chronotherm

1

Alter removing cover, set levers at
room temperature.

Tighten lock screws.

Turn calibration screw about %
turn O to open contacts.

Slip cover on. Wait 10 minutes for
temperatures inside to level off.
Remove cover and attach Tattelite
clips as shown. Be careful to avoid
shorting B to W.

Turn calibration screw SLOWLY
/X until Tattelite (1) lights up
and (2) goes out. This is when
burner starts.

Loosen lockscrews, reset levers for

desired temperature, replace cover.

Calibrating T109A Da-Nite Acratherm

-

AMer removing cover, replace winding
knob and turn it all the way ¥~ \.
Attach Tattelite clips as shown.

Set silver dial at room temperature.
Turn calibration screw ¥~ \ until both
contacts open.

Wait 10 minutes for heater plug to cool.’
Turn calibration screw SLOWLY 7~ ¥
until Tattelite (1) lights up and (2) goes
out. This is when burner starts.

Turn winding knob Y4 turn 7~ X to put
the thermostat on night cycle.

Set day dial 5° above room tempera-
ture, black dial AT room temperature.

(Forthis method room temperature must

be below 75 F.)

Tum night calibration screw /~ ¥ to
open both contacts.

Wait 10 minutes for heater plug to cool.

Tum night calibration screw SLOWLY

¥ until Tattelite (1) lights up and
(2) goes out. Now the thermostat should
be in calibration.
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————-————~ THERMOSTAT CALIBRATION ———————
Series 80
T81A Acratherm
If the error is known, follow the first diagram for calibrating T11A,
p. 16.
If the error is not known, use the following procedure (refer to

diagrams of T11, but note that Tattelite need not be used-——snap
action of the contacts makes it easy to tell when they close).

1. Set dial at room temperature, and tighten lockscrew.

2. Turn calibration screw to the left to open the contacts if they
have closed.

3. Wait 10 minutes for the heater plug to cool.

4. Turn the calibration screw to the right (SLOWLY) until the con-
tacts just close. Then the thermostat should be calibrated.

5. Loosen lockscrew and reset dial for desired temperature.

T801A Time-O-Stat
1 After removing cover, replace winding knob and turn

it O\ as far as it will go.

»

Turn day dial to room temperature.

Turn day calibration screw N\ to open contacts,

w

~4 Then turn it slowly /7 Y until contacts just make.
Now day dial is calibrated.

Step back and wait a few minutes for effect of oody
heat on the bimetal to dissipate.

Turn winding knob 2 turn /7 %

Turn day dial to low end of scale (607).

ui

o

~

«©

With screwdriver ' rn night setting screw so indi-
cating mark is cen :red between “'5's" on 55 mark.

9 Turmn night calibr: :ion screw so that the day call-
bration screw (Ste p 3) just touches its cam.

T847A Chronotherm (or T848)

1 After removing cover, set both levers at room tem-

perature.
Tighten lockscrews.

Turn calibration screw '4 turn ¥~ \ so the con-
tacts are open.

Slip cover back on and wait 5-10 minutes for tem-
peratures inside to level off again.

Remove cover and turn calibration screw SLOWLY
7 until contacts just close. Now the Chrono-
therm is in calibration.




LA419 Airstat or Surface L1144, L444, LI70
LA412 Furnacestat Aquastat Immersion Aquastat

Combination L428 Summer-Winter
Furnace Control Immersion Aquastat Controller

P104 or P404
Pressuretrol Vaporstat Vacuumstat

C401 or C601 C402
Lo-Water Cutoff Lo-Water Cutoff



— WARM AIR LIMIT CONTROLS ——————

AIRSTAT

MOUNTING |}
SCREWS &

HELIGAL
ELEMENT PLENUM

‘SWIVEL
MOUNTING
BRAGKET

FURNACE

Typical Mounting of Warm Air Limit Controls

INSTALLATION

Things to DO—

1. Follow appliance manufacturer’s recommendations.

2. Try to locate bimetal element where it can respond quickly to
AIR temperature changes.

3. Locate control where it is handy to set.

Always level case of mercury switch type (LA419 or LA412).

5. Connect high limit switch in circuit according to recommendation
for the primary control used (p. 26, 42 or 52).

b

Things NOT to DO—

1. Don’t get bimetal too close to hot surface.

2. Don’t locate it where cold air return can affect element.

3. Don’t mount LAIOl or LA401 where temperature Inside
cover will exceed 150° F.

SETTING- AND ADJUSTING

Things to REMEMBER—

1. High limit switch breaks at indicator setting and makes at setting
minus differential (fixed, in LA101, LA401).

2. Furnacestat (LA412) starts fan at indicator setting, stops it at
setting minus differential (adjustable).

3. LA101 and LA401 have separate indicators for setting limit cutout,
fan “on”” and fan ‘“‘off.”

Things to DO—

1. Use lowest limit setting that will assure enough heat.

2. Use lowest fan settings possible without cool drafts from registers
before fan stops.

3. Instruct customer in summer fan operation.

Things NOT to DO—

1. Never set Furnacestat ‘‘on’’ above Airstat setting. (Note
that LAI0I-40! are designed to prevent overlap.)

2. Don’t forget to tell user about resetting Furnacestat (LA412)
for correct fan operation in the heating season.
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HOT WATER LIMIT CONTROLS ——— —

BOILER

IMMERSION
AQUASTAT

SURFAGE
AQUASTAT

INSTALLATION

Things to DO—

1. Surface Aquastat:
a. Mount it on riser about 2 ft. above boiler.
b. Scrape surface of pipe clean.
c. Clamp Aquastat securely to the riser.

2. Immersion Aquastat:
a. Locate the well in freely circulating water.
b. Locate it where it is handy to set.

3. Be sure the case is mounted level.

Things NOT to DO—

1. Surface Aquastat:
a. Don’t install on pipe smaller than 114",
b. Don’t replace pipe insulation around the Aquastat.

2. Immersion Aquastat:
a. Don’t put the element too near the cold return inlet.
b. AVOID pockets, baffles or excessive bushings.
c. Don’t jam a long-shank element into an old short well.
d. Don’t twist the bimetal element.

WIRING
Things to DO—

1. Connect high-limit Aquastat in civrcuit as recommended for the
operating control used (p. 26, 42 or 52).
Things NOT to DO—

1. Don’t use low-voltage model on line voltage.
2. Don’t use surface Aquastat as operating control.

SETTING
1. Use the scale setting recommended by burner or boiler manu-
facturer.
2. Generally, use lowest setting that will assure enough heat.
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STEAM LIMIT CONTROLS ———

Pressuretrols

PRESSURETROL

GAUGE

e b
(
~ USE

)

Mounting: (A) On Lo-Water Cutoff; (B) By Pressure Gauge.
INSTALLATION

Things to DO—

1. Make sure that the Pressuretrol installation conforms
to any local ordinances.

2. Mount the Pressuretrol on a siphon to prevent steam

or foreign matter from reaching bellows. NOTE: Siphon

coil must be at right angles to front of case as in

sketches above, for correct operation.

Make sure the case is level.

Make sure no sludge or lime obstructs the piping.

Make sure the pressure rating of the Pressuretrol is

high enough for operating pressures expected.

Things NOT to DO—

1. Do NOT put a shutoff valve between boiler and
Pressuretrol.

2. Don’t use excessive amounts of pipe dope on
threads.

whw

WIRING
1. Connect high-limit Pressuretrol in circuit as recom-
mended for the primary control used (p. 26, 42 or 52).
2. Don’t use a low-voltage model on line voltage.

SETTING

1. Use settings recommended by burner or boiler manu-
facturer.

2. REMEMBER: A high-limit Pressuretrol opens circuit
at main-scale setting plus differential setting—makes
circuit at main scale setting.
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—— LO-WATER CUTOFFS

2 UPPER CON-

4—9 NEGTING TEE

By . @ PACKING NUT
1/2"COPPER

"<} TUBING

© BUSHING

@ /4" PIPE PLUG
END MOUNT-
® NG BOSS

CENTER MOUNT-
© ING BOSS

G372
§E3Y

S A |

5
S
N
N
§
N
N
g
5

6
GCONDUIT

® CONNEGTION
SLUDGE POT

D SGREW

O SLUDGE POT

® 3/4" NIPPLE

3/4" BLOW
OFF VALVE

A
w
N

N = @]
\ 11':_)]\ il
\ O o o)
O © o ©
. k o o O
Q_ re 5" »
INSTALLATION

1. DO make sure the Cutoff opens the circuit at low water
level (with boiler at operating pressure).

2. DON’'T expose the Cutoff to pressures above its
rating.
WIRING

Connect the Cutoff in the circuit as recommended for
high limit switch with given primary control (see p. 26,
42 or 52).

REMEMBER

1. —to instruct the user to blow down the Cutoff once
a month.

2. —to clean out the housing once a year.
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SUMMER-WINTER INSTALLATIONS

.

Pressuretro

Steam Boiler - o)

Typical Summer-Winter Installation - Steam

Manifold Not Required

C X )
— In Frlee»Flowmg Boiler
( Manifold Must Be At
D] Least 1%"” Pipe For
C Complete Circulation
L428B L147A

Hot Water Boiler

Typical Summer-Winter Installation-—Forced Hot Water
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T = .= T - OIL BURNER CONTROLS = =~ = — =~ "= -

RAII6 or RAII7 RI177A Electronic
Protectorelay Protectorelay

RI114A RI61

Protectorelay Protectorelay

. S R 1
MDDEAROLIS HONEYWELL
, REGULATOR ;qxggaﬁ ¥

C40A C57A

Pyrostat Protectostat
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\ ——— OIL BURNER “DO’S AND DON’TS”

Q%7 NEVER ALLOW TUBE
V A

Y| To EXTEND INTO

7, FIRING CHAMBER

2

VAZ)

EBEXTEEIDT %H%léh[ﬁa; TOP VIEW-PROTECTOSTAT
OF STACK

MOUNTED IN BRICK WORK

A—Location of Stack Element B—A Protectostat Installation

INSTALLATION
All Models—
1. DO follow equipment manufacturer’s recommendations.
2. DON’T change factory-set timings unless necessary-—NOR
without rechecking operating sequence.
3. ALWAYS check operating sequence, including safety shutdown,
before leaving the job.
NEVER BEND ANY CONTACT BLADES.
DO leave cover on at all times.
DON’T get oil or grease on contact mechanism.

DO see that Pyrostat or Protectostat contacts are in starting
position before starting burner.

Stack-Mounted Models—

1. DO install between furnace and draft regulator—~and remove stack
damper or fasten it wide open.

DON’'T expose element to temperature over 1000 F.

DO put stack element in path of hot gases (cut A).

DON’T locate element near inside of elbow.

DON’T expose case to excessive radiant heat from stack.
DON’T open ventilating slots (RAI116-117) on average jobs.

Wall-Mounted Models—

1. DO mount on solid vertical wall free from much vibration.
2. DON’T mount on rafter or beam near ceiling.

3. FIND a location handy to burner and power supply.

N v R

o s W

WIRING
1. Wiring must conform to local electrical ordinances.
2. High limit switch should preferably be connected in the ‘“hot”
line to terminal No. 1.
3. NEVER put the high Iimit switch in the line from relay to
oil burner motor (or limit shutdown may warp out safety
switch).

REMEMBER-—
to tell user how to reset the safety switch.
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—————— RA116A—RA117A PROTECTORELAYS

Relay (Ign.)
(RA117 Only)

Mounting
Bracket
Lever To Put
Contacts 'In
Step"
Recycle Adi.
Ignition 8 Lever
Timing Adj.
(RA117 Only)
() Teensformer

9 Relay

Reset Lever
on Safety
Switch

NORMAL START—
1. On thermostat’s call for heat—
a. RA116: relay ‘“5” pulls in, starting motor and ig-
nition.
b. RA117: relay “7” pulls in, starting ignition and
pulling in motor relay “5”.

2. Rising stack temperature expands bimetal element ““1”
moving Pyrostat contacts (pp. 28-29).
a. ‘“Hot” contact shunts safety switch heater.
b. Then “cold” contacts break starting circuit (and
drop out ignition relay, on RA117).

IF OIL DOESN'T IGNITE—

1. “Hot” contact doesn’t close—safety switch heats.
“Cold” contacts don’t open—ignition stays on (RA117).

3. Safety switch trips—must be reset manually for restart.

IF FLAME GOES OUT—
“Hot” contact opens—burner stops.
Delay for ‘“‘scavenging’ any unburned vapors.

“Cold” contacts make, permitting attempted restart if
thermostat still calls for heat.

W N =




0 IGNITION TIMING STOP

RECYCLE STOP LEVER (ADJUSTABLE, RAII7A)

ol

o OUTER CLUTCH FINGER

( : HOT STOP

o STOP ARM
‘@ DRIVE SHAFT

COLD STOP

INNER CLUTCH
FINGER

HOT CONTACT
(/64" APPROX.)

COLD CONTACTS
(CLOSED}

STACK —>

Fig. A—Pyrostat contacts—cold or starting position.

RECYCLE STOP LEVER
OUTER GLUTGCH FINGER

o STOP ARM

INNER CLUTCH
FINGER

HOT CONTAGT
(CLOSED)

i Q GOLD CONTAGTS

(OPEN)

STACK —>

Fig. B—Pyrostat contacts—hot or running position.
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—— PYROSTAT CONTACTS —/———————————

RA116A or RA117A

OPERATION:

1.

NS o e

Expanding bimetal (not shown) pushes drive shaft (5) to the left,
and on contracting pulls it back.

Clutch fingers 2 and 7 are carried by friction with shaft until
“unlocked” by hitting stops. Stops 3 and 6 limit inner or ‘“hot”
clutch (7); 4 and 10 the “cold” clutch (2).

In cold position, hot contact is open (A-—8) and cold contacts
are closed (A—9).

As bimetal heats, hot clutch closes hot contacts (B—8).
Then cold clutch lets cold contacts open (B—9).
As bimetal cools, hot contact opens (A—8).

Then cold contacts are pulled together (A—9).

REMEMBER—FOR SATISFACTORY OPERATION:

1.

2
3.
4

SN

Hot contact must be open, cold contacts closed at start.
Hot contact must close before cold contacts have opened.
Hot contact must open (on cooling) before cold contacts have closed.

Drive shaft must move out a little more after cold clutch
hits the stop arm (4), to keep contacts in step.

TO MAKE SURE
CONTACTS ARE
"IN STEP—

PULL LEVER FORWARD
%THEN RELEASE SLOWLY

r—=
RO

Look to see that hot contact is open, cold contacts are closed.

4

As you slowly pull out shaft, see whether hot contact closes before
cold contacts have opened. .

As you slowly release shaft, see that hot contact opens before cold
contacts have closed.

Checking burner operation, watch whether drive shaft moves a
little more after cold clutch hits stop arm.
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— R177A PROTECTORELAY —/——F ——

With Electronic Flame-Checking

o BASE o CAPTIVE MOUNTING o VAGCUUM TUBE @ RESET BUTTON
SCREWS
‘“Exploded”’
View of
Type R177A

K]

o TERMINAL BLOCK (5)N0. 1 RELAY (3) RELAY SNAP GOVER (1) THUMBSCREW

Typical Installation of Photocell

DRAFT TUBE "F" TERMINAL

e

Things to KNOW about R177A— ciTHODE PHOTOGELL MounT

1.

The control circuit is Series 10, and Series 10 operating controls
are normally used.

.
The flame-sensing element is a photocell, which responds instantly
to changes in light from the flame. In the presence of flame it
passes a small current (rectified A. C.) which is amplified by the
electronic circuit until it can actuate the flame-checking relay unit.

The electronic flame-checking system is so fast that normal prac-
tice is to use intermittent ignition and to return the ignition on
loss of flame. .

Consequently, recycling is provided only after power interruption.
On ignition failure and on continued loss of flame after a normal
start, the R177A locks out. It also locks out on component failure,
short-circuits, grounds, or open circuits in photocell circuit.

The R177A is available only for factory application. It is designed
into the burner and at least partly installed at the factory.

The R177A is NOT available for conversion applications. Under-
writers’ approval is predicated on tests of the system as applied
to particular models of burner.

Installation must be completed in accordance with the instructions
furnished with the burner.

No field adjustments on the R177A are provided for (timing, etc.)
and none should be attempted.



—————————RI177A PROTECTORELAY —

DISCONNECT
wame
L H 6
AT75 TRANS. RI77
(FOR TI47) PROTECTOREL AY
—
| e
©n [Rdog; Milaq
’f- e B i o) LA419 bR P404
| @ @t —@ | O, ]
| de-t ol Lo
————— ! J
LITOA AQUASTAT ;
(LOW LIMIT) !
OPTIONAL-STEAM !
R —
]
/" [
GROUND LINE
GROUND LI BURNER MOTOR
: 5] IGN. TRANS.
PHOTOCELL

With Electronic Flame-Checking

TIIA,TIO9A,0R T147

Typical Control System-— Gravity or Steam

Things to DO—

1.

[V )

v

Use only Series 10 thermostat (or “jumper’” R-B at relay if 2-wire

thermostat must be used).

Follow burner manufacturer’s instructions in mounting and wiring.

In mounting the relay on the base, start all ten mounting screws

and then draw them up snug.

Make sure photocell faces fire (trade-mark toward holder).

If right-hand (flame) relay won’t pull in, or chatters:

a. Check for soot on the cell (or filter if used).

b. Measure current through cell with a D-C microammeter in
series with F terminal and lead at the cell mount. It should be
at least 2 microamp (2 to 5 normal) with flame present. If not,
replace cell. If meter is not available, replace the photocell and
check performance.

c. If current is right, try replacing the vacuum tube.

d. If good cell and tube don’t restore operation, mount a replace-
ment relay on the base.

If photocell mount with filter is used, be sure filter is in place after
checking. (Temperature of photocell must not exceed 165 F.)

Things NOT to DO—

1.
2.

3.

NEVER bend relay contact blades.

Don’t try to adjust or repair R177A—if it is defective, return it
for factory repair or replacement.

Don’t return a relay before checking photocell and tube, and
looking for dirty cell or filter and loose connections.

To Order Replacements——
Photocell: A177A1 Tube: No. 38305
Relay: RI177A less base (specify voltage and frequency).
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R114 PROTECTORELAY

Accelerated Lockout
Points to REMEMBER:

1. The R114 is available for intermittent ignition (R114A) or for
constant ignition (R114B), where oil valve delay is not needed
and where manual reset after flame failure is desirable.

2. With C40A Pyrostat or C57A Protectostat, R114 guards against
ignition failure or loss of flame.

3. The R114 locks out if flame is not established in approximately
60 seconds.

4. On flame failure, as soon as the Pyrostat or Protectostat opens its
contacts, the current of both relay coils flows through the safety
switch heater, and lockout follows in about 30 seconds.

5. The R114 must be mounted on a vertical wall or column free from
excessive vibration.

Oil Delay—Nonrecycling—Fast Restart
FEATURES:

The R161B Protectorelay is designed primarily for commercial or
industrial oil burners requiring delayed oil valve opening, timed igni-
tion, lockout on flame failure (non-recyling), and a fast restart after
normal shutdown. It guards against either ignition failure or loss of
flame, and like other Protectorelays recycles after a power interruption.
In case of flame failure, it shuts down the burner as soon as the com-
bustion control opens its contacts, and thereupon goes into safety
shutdown without recycling. This Protectorelay is used with the C40A
Pyrostat or C57A Protectostat; or for the fastest and most sensitive
response to flame conditions, with the R7009 Electronic Flame De-
tector Relay plus photocell (or photocell and flame rod).

The R161B Protectorelay is for intermittent ignition burners. The
R161A is also available for intermittent ignition burners where recycling
after a flame failure is desired. The R161C is available for constant
ignition burners, with the same features as the R161B (excepting
timed ignition).

Things to DO~—

1. Mount the Protectorelay on a vertical surface free from vibration.

2. Check out the system completely for satisfactory operation.

3. See that wiring conforms to local electrical ordinances.

4. Make sure that connections are correct as shown in diagrams.
(Refer also to instructions packed with the controls.)

NOTE: Diagrams on opposite page show standard connections for
R‘161B used with R7009A Flame Detector Relay: (a) on oil burner
with spark ignition or with gas pilot with main flame supervision only;
(b) on oil burner with intermittent gas pilot. In the latter, the oil
valve cannot open until the pilot is proved; both pilot and main flame
are supervised.
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I5 OR 230V 60"y
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R161B PROTECTORELAY
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SERIES 10
CONTROLLER JUMPER R-B IF_2-WIRE
CONTROLLER 1S USED
P®
RIGIA OR B

i
6@
@

@

st RE@TO

Q3

®
®

@ ole

R7009A

@4
L.W.C.O.
(IF Usep) HIGH LIMIT
[ P |
Comm

PILOT GAS—{—~ -
@CTOOM VALVE = b-2% oe-d
(IF USED) s

IGN. TRANS. PRI.

Connections for R161B and R7009A-—Spark-Ignition Burner, or
Burner with Gas Pilot Requiring Main Flame Supervision Only

<+—H
115 OR 230V 60’\&

LOW VOLTAGE
WIRING i

e LINE VOLTAGE f
WIRING

SERIES 10 JUMPER R-B IF 2-WIRE |
GCONTROLLER (GONTROLLER 1S USED i

| @0 RI6! A OR B
[

F D Q2 )
%\\ @
@3

Sa

R7009A

o) o, |

/
OIL VALVE

o)

C7003A

PILOT !
BURNER B ks, |
G7004A ORB L

(OR SIMILAR) = QJMOTOR |
|
|

Connections for Supervising Pilot (Start) and Main Flame (Rurf)

-

OW VOLTAGE
AING

3

INE VOLTAGE

T WIRING

sC
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——————— PYROSTAT—PROTECTOSTAT ————————

C40A Pyrostat—

fA\FURNACE OR
\BOILER

N

(o

SMOKE PIPE

Important Points—

1. Mount between draft stabilizer (if used) and furnace or boiler.

2. Don’t mount where element will be exposed to more than
1100 F.

3. Make sure contacts are in starting position (open) before starting
burner (see instructions packed with control).

C57A Protectostat—

KEEP TUBE
FLANGE ONE

INGH BAGK OF
COLLAR
I (MINIMUM)
LOOK AT HOTTEST o
|PART OF FLAME =
/ \
PROTECTOSTAT WITH PROTEGTOSTAT MOUNTED ON FIRE DOOR
ATOMIZING TYPE BURNER FOR ROTARY TYPE BURNER

Important Points—

1. Line of sight from diaphragm must strike flame at all times.

2. On brickwork mounting, space between insulated flange and brick-
work must NOT be filled with cement.

3. On fire-door mounting, the flange must be at least one inch back
from the mounting collar.

4. The Protectostat will not operate correctly if the diaphragm gets
excessively hot.
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—————— TROUBLE-SHOOTING BY ELIMINATION ——————

Series 10 Oil Burner System

When there is no apparent cause for erratic operation and occasional
lockouts: (1) prove relay; (2) prove thermostat cable; (3) prove the
thermostat.

Relay—

1. Make sure that

(a) there is power at terminals 1 and 2;
(b) safety switch is not locked out;
(c) Pyrostat or Protectostat contacts are in starting position.

2. Remove thermostat wires from terminals R, W and B at relay.
Place jumper, or short, across these three terminals.

4. After burner has operated a few seconds, remove jumper from B
terminal only. If burner continues to run several minutes, relay is
operating correctly.

5. If relay does not pull in after step 3, or if burner doesn’t continue
to run as outlined in step 4, we suggest replacing relay.

6. If relay passes tests, reconnect thermostat wires at relay.

Thermostat Cable—

1. With thermostat wires connected to relay and thermostat, remove
thermostat from its base plate.

2. Short or jumper the R and W terminals on base plate. If burner
starts, there is a short between red and blue wires within the ther-
mostat cable. Remedy: replace thermostat cable.

3. If burner did not start in step 2, momentarily short B to R and
W jumper—until burner starts—then remove B jumper. If burner
continues to run, thermostat cable is free from open or short cir-
cuits. If burner stops with R and W shorted, the red wire is open.
Try to locate the break or replace the entire cable.

4. If burner did not start in step 3, the white or blue wire is open.
Check for loose connection, find break, or replace cable.

Thermostat—

We have now checked both the relay and the thermostat cable. If the

trouble has not been found it is now in order to check thermostat.

1. Check the heater plug screw for tightness. (A loose heater plug
screw would mean a break in the red wire.)

2. Check the three mounting screws for tightness.
Make sure the blue contact is not making ahead of the white con-
tact. If it is, recalibrate differential and main scale according to
instructions packed with the Q56A Tattelite.

4. Make sure contacts are clean. Polish only with a piece of hard-
surface paper—NEVER use file, emery cloth or sandpaper.
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- =" TYPICAL CONTROL SYSTEMS ———————

T11A, TI09A or T147 RA11/1A Protectorelay

For Constant Ignition

Use RA116A

Line *7 i i‘,’
-
@
ATT5 Trans. N
D @
(For T147) RPL
{ -
L170A Low l@%
]
Limit Aquastat L_-.@‘:J"—__L—__’
(Optional—Steam)
e 71—
Limit Control Ww.C.O.
LA419, LA409, L444 (S(z-m) T
Or P404 : -
Oil Valve r-& Bumer Motor Wi Line Voltage e
STEAM OR GRAYITY (FUsed)  { o fgn. Trans. IS | ow Voltage

This is a control system for a domestic steam, gravity warm air or
gravity hot water system. The Series 10 thermostat actuates the RA117
Protectorelay (or RA116 with constant ignition) to start and stop the
burner. The high-limit Airstat, Aquastat or Pressuretrol (depending on
the heating medium) stops the burner before excessive pressure or
temperature is reached in the heating plant. On a steam system, the
Lo-Water Cutoff (L.W.C.0.) guards against operation with a dry
boiler. When the T109A or T147A is used, lowered temperature
at night is provided with automatic return to day-time temperature.

T11A, TI09A Or T147 RA117A Protectorelay
For Constant Ignition
Use RAT16A
Line *1T
-
-
ATTS Trans.
(For T147) o6 7 R132A S ?@
o= |
aloJelc]
LA409A or L444A
e
—H
Line 10 Or
—_—

Wirinq:L Vel fo) M417 Circulator Burner Motor ‘i
ine Voltage e
Low Voltage —— Q FORCED HOT WATER  lsn. Teans. g-_g

In this control system for forced hot water heating, the thermostat
actuates the switching relay (R132A), which in turn starts the circu-
lator and actuates the Protectorelay to start the burner. The high-limit
Agquastat will stop the burner before excessive temperature is reached
in the boiler, but the circulator will run as long as the thermostat
calls for heat. The RA117 Protectorelay is used with intermittent igni-
tion burners; the RA116 with constant ignition. When the T109A or
T147A is the thermostat used, lowered temperature is provided at
night, with automatic return to day temperature in the morning.



== NEW MODELS =/
INSTALLATION AND SERVICE TIPS

For your convenience we are including several new units
in this section. These represent the latest developments in
Minneapolis-Honeywell control devices.

T11B and T81C e T
Time Modulation Thermostats

>

V898A Diaphragm Gas Valve

Used with “Plug-In”’ Transformer

>

Powerpile Gas Control System
Electric Power Supplied by Thermopile

TV




—— TIME MODULATION THERMOSTATS ———
Types T11B and T81C

Things to DO—

1. Install according to standard good practice for conven-
tional thermostats. ’
2. Make sure the heater element used is the correct one
for the primary control used (see table).
3. With the T11B, use ONLY the wall plate furnished,
and wire color-to-color according to plate markings.
4. If the temperature maintained indicates that the main
scale must be recalibrated—

(a) determine the change necessary;

(b) adjust by first method shown for T11A (p. 16) to
avoid the difficulty of judging when the heater has
cooled JUST to the “‘on”’ point.

Things NOT to Do~

1. Don’t mount a TIIB on a TIlA wall plate—use
the plate furnished with TI11B.

2. Don’t use T11B or T81C with RAIl7 Protectorelay.

3. Don't widen the differential unless the burner
operations are definitely too short (these thermo-
stats are designed for shorter, more frequent cycles).

NOTE: On an average system, the “on” time will be approximately
as follows:

T11B T81C

In mild weather (50-60°).................. 3 min. 214 min.
In ““50%" weather (equal on and off time)..| 5 min. 414 min.

HEATERS THAT MUST BE USED IN T11B AND T81C
PRIMARY CONTROL HEATER COLOR CODE
TYPE NO. | CYCLES T11B T81C
R19A 60 Gray & Green Gray & Green
RA116A 60 Gray, Green & Orange | ....................
R132A 60 Gray & Green' | ... ... ..
R177A 60 Gray, Yellow & Blue | ........................
R180B 60 Gray, Yellow & Blue | ........................
R182A, B 60 Gray & Brown Gray & Brown
R182C 60 Gray, Green & Orange Gray, Green & Orange
R183B 60 Gray & Green | .. ...,
V16A* 60 Gray, Black & Blue | ....................
V84* 60 Gray, Yellow & White
V148* 60 Gray & Green | ...
VI155A* 60 Gray & Green
V166%* 60 Gray & Green | ... ... ... ...,
V835%* 60 | Gray & Blue
V898* 60 | .. Gray & White

*With standard transformer



With “Plug-In’’ Transformer
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Typical Connections for V898A

Things to DO—

(Refer to general “Do’s and Don’ts” p. 52, and Installa-
tion Instructions, Form 95-1488.)

1. Pipe the valve with flow in the direction of arrow.
(Notice that bleed connection is over inlet of right-hand
model, over outlet of left-hand model.)

2. Be sure to run bleed line into the combustion chamber
where bleed gas will be ignited.

3. Be sure to use the specified transformer—the ‘“‘plug-in”’
AT82A, or Type AT75A where conventional type is
desired.

Things NOT to Do—

1. Don’t attempt to convert right-hand to left-hand model
or left-hand to right-hand. Remember that the valve
is available in either model.

2. Don’t forget to instruct the occupant in use of the
manual opener—and in the necessity of closing the valve
after manual operation. (It does not recycle.)

3. Don’t use standard gas model on L.P.G. The valve is
available in 8-0z. rating for L.P.G.; standard model is
acceptable on all conventional gases including sulphur-
bearing gases.

THERMOSTAT HEATERS FOR USE WITH V898

‘ T81A, T847 T81C

| White Gray and White




——— POWERPILE GAS CONTROL SYSTEM ——
T804—VS887—Q182 Pilot Generator

Things to DO—

1. Follow standard good practice for installation of ther-
mostat (pp. 14-15), valve (p. 52), and pilot (p. 61).

2. Be sure that T804 is level.

3. Install VS887 with flow in direction of arrow (remember
bleed connection is over inlet of right-hand model, over
outlet of left-hand model).

4. Be sure to run bleed line into combustion chamber.

5. Wiring: Make tight, low-resistance connections with
good copper wire. Avoid splices.

Things NOT to Do—
1. Don’t substitute another thermostat for T804.

2. Don’t use ordinary Pilotstat thermocouple—use
only the pilot generator supplied.

3. Don’t attethpt to convert right-hand valve to
left-hand, or left-hand to right-hand. REMEM-
BER: two models are available.

4. Don’t use standard-gas model on L.P.G.
5. Don’t use wrong pilot orifice size for the gas used.

If Valve Fails to Operate Correctly—
1. Check wiring for loose connections. )
2. Make sure that pilot flame burns blue.

3. Check thermocouple output with millivolt meter. The
open circuit voltage should be 300 mv. minimum.

(Refer to the instructions supplied with the system.)

Ll o



(For T147)

Wiring:
Line Vollage e
Low */oltage ~—

Burer Motor Sg FORCED
oo, Toos. M417 Cireulator 4T W ATER
(SUMMER -WINTER)
This is a control system for forced hot water heating with domestic
hot water supplied by the heating boiler (through an indirect heater).
In response to demands from the thermostat or to a drop in boiler
temperature, the L147 actuates the Protectorelay to start the burner.
The L147 also incorporates a switching relay which, on demand from
the thermostat, starts the circulator; the circulator does not operate
on “low-limit”’ action of the L147. The L428B serves as high-limit con-
trol, and also delays circulator operation if boiler temperature is too
low to provide both heating and also domestic hot water.

L428B Aquastat

WARM AIR SYSTEM
T11A, T109A Or T147

® RA117A Protectorelay

7Ty~
Line t ! i I 01 LA401A Comb. Control
<Ll ® (Or LA419 and LA412)
ATT5 Trans -~ e
(For T147) R Y
LS NS
! ]
Line 2
For Constant Ignition

Fan Motor

Use RAT16A
Burner Motor
Wiring: o Ign. Trans.

Line Vollage e
Low Voltage —

This control system for forced warm air features a Combination Furnace
Control (LLA401A) which includes a high limit switch to prevent exces-
sive furnace temperatures and a fan switch to start and stop the cir-
culating fan according to furnace temperature. The high-limit cutout
point and the fan ‘“‘on” and ‘“‘off”” points are separately set, but the
fan ‘‘on’”’ cannot be set higher than the limit setting. (LLA419 may
be used as limit control and LA412 as fan control, if preferred.)
The Series 10 thermostat starts and stops the burner through the RA117
Protectorelay (use RA116 for constant ignition). The T109A or T147A
provides lowered night temperature with automatic ‘“‘pickup” in the

morning.
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————————— TYPICAL CONTROL SYSTEMS ———MMM—
TI1A, TI09A or T147 TWO-SPEED FAN SYSTEM
Line "'f-ﬁl' i RA117A Protectorelay LA45A Comb. Limit
T“‘T" . And 2:Speed Fan Control
ATT5 Trans.
(For T147) Line
]

LY

For Constant lgnition

Use RAT16A Burner Motor
Ign. Trans.
Wiring:
Line Voltage e 2-Speed Fan Motor
Low Voltage ——

This control system for forced warm air includes two-speed control of
the blower. The thermostat controls the burner through the RA117A
Protectorelay (use RA116A for constant ignition burners); and the
limit switch in the LA445A combination control stops the burner before
furnace temperature becomes excessive. On initial rise in furnace tem-
perature the LA445 starts the fan; whenever the furnace temperature
rises to the speed-change setting of the LA445, the fan is shifted to
high-speed operation. The T109A or T147 if used provides night setback
with automatic morning pickup.

TI1A, TI09A or T147

L170A L170A 45“)‘
(Tank) (Boiler) 3‘

DRGREmY,
AT75 Trans. Y=~
%@@f (ﬁéqﬁ (For T147)

]| [= —H

P404A C402A
Pressuretrol Lo-Water Cutoff
Line " 0% {6 o
For Constant Ignition -6
Use RA116A
- Burner Motor
Wiring:
" Line Voliage == STEAM SYSTEM.
Low Voltage — (SUMMER -WINTER) Ign. Trans.

This control system for a steam plant includes provision for Summer-
Winter hot water. Two Aquastats (L170) are shown: a low limit in the
storage tank to operate the burner as required to maintain domestic
hot water; and a high limit in the boiler (below water line) to prevent
steaming on low-limit operation. The Pressuretrol prevents excessive
pressure during thermostat operation, and the thermostat operates the
burner (through the Protectorelay) to maintain room temperatures at
the proper level.

RA117A Protectorelay
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————— TYPICAL CONTROL SYSTEMS —

Wall-Plate Connections to Series 10 Thermostats Available

For Lowered Night Temperature

T147A Chronotherm

To Line Not Interrupted
By Switch—To Avoid Stop-
ping Clock

AT75 Trans.
(Do Not Substitute)

Series 10 Primary Control

T109A Da-Nite
Acratherm

See Note A

1=

Series 10 Primary Control
R, W and B Teminals

@O

NOTE A: If limit control is put in
low voltage wiring, switch must
break white wire.

R, W and B Terminals

See Note A

® O

T19A Twin
Acratherm

©/

iyl

Manual Switch or
Time Switch—
Closed for “DAY"
Operation
(R154 Has Time
Switch Built In)

Series 10 Primafy Control
R, W and B Terminals

@ ®
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————————— THERMOSTAT HEATERS

FOR USE WITH SERIES 10 RELAYS

RELAY

THERMOSTAT

T11A, T17, T19,

T81A, T109, T178,
T111, T147, T811

T12HA, T105,
T802B

L147A (60 cy.)
L147A (25 cy.)

Green
Black & Green

Black & Green
Blue

R19A, B, C (25 cy.)
R19A, B, C, D (60 cy.)

Black & Green
Green

Blue
Black & Green

R100A (25-60-cy.)
R114A, B (25 cy.)
R114A, B (40 cy.)
R1144, B (50-60 cy.)

Red

Blue

Black & Blue
Yellow 8& White

Black & Red
Black & Blue
Black & Yellow
Blue & White

R116-4 (25-30 cy.)
R116-4 (40-60 cy.)

Green
Red

Black & Green
Black & Red

R116A, B (25 cy.)
RI116A, B (40-60 cy.)

Black & Green
Green

Blue
Black & Green

RA116A, B (25 cy.)
RA116A, B (40-60)

Black 8& Green
Green

Blue
Black & Green

R117-3 (25-30) Green Black & Green
R117-3 (40-60) Red Black & Red
R117A (25 cy.) . Black & Green Blue

R117A (40-60)

Green

Black & Green

RA117A (25 cy.)
RA117A (40-60)

Black 8& Green
Green

Blue
Black & Green

RI132A (25 cy.)
R132A (60 cy.)

Black & Green
Green

Blue
Black & Green

R157A (25-30) Green Black & Green
R157A (50-60) Red Black & Red
R1614, B, C (25-60) Red Black & Red
R177A (50-60) White Brown

R182A, B, C (60 cy.) Green Black & Green

For other controls see Form 95-1346 or write for information.



RI183B Stokerelay (Right)
FEATURES:

1.

Fire-maintaining timer adjustable
for 1 or 2 operations an hour, %
to 714 minutes.

Series 10 switching relay built in to
operate stoker.

Removing jumper permits control
of motor starter.

R154C or D Da-Nite Timerelay

1. Fire-maintaining timer, with same
features as R183B plus “‘skip’’ after
thermostat operation.

2. Time switch for day-night change-
over (with T19A).

3. Built-in fused disconnect switch.

S400A Stokertimer (Right)

1.

Timer operation adjustable for 1
operation each hour or half-hour,
14 to 714 minutes.

Line-voltage mercury switch.

Jumper removable for control of
motor starter.

GENERAL INFORMATION

The basic functions of stoker primary controls are:

(a) to maintain a pilot or minimum fire when the thermostat is
not calling for heat—usually accomplished by a timer that
periodically operates the stoker for short intervals;

(b) to provide line-voltage switching facilities to start and stop
the stoker motor in response to a low-voltage room thermostat
or the timer itself.

A Stokertimer (S400A) provides only the fire-maintaining operation,
and is normally used with a separate switching relay for control
of the stoker by a low-voltage thermostat or other operating control.

On D-C applications, fire-maintaining action is normally provided
by a stack-mounted Stokerswitch, responding to flue-gas tempera-
ture. Room-temperature control is provided by a line-voltage ther-
mostat and a D-C switching relay.
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—————— INSTALLATION “DO’'S AND DON'TS” ————

RELAY UNIT

TIMER

DAY-NIGHT CLOCK

Things to DO—

1. Mount relay on a solid vertical wall.

2. Mount it where it is handy for future timer adjustments by owner.

3. Level up S400A by the pendulum indicator so that mercury switch
will operate correctly.

4. All wiring must comply with local electrical ordinances.

5. Connect high limit control in hot line from relay to stoker.

6. Use right size fuse in R154 for stoker motor to be controlled.

Things NOT to DO—
1. Don’t use o1l on any part of relay or timer.

Points to REMEMBER—

1. Timer can be used as fire-trying switch: manually rotate to the
right until trip arms drop into recesses. )

2. With R154, high limit must be wired between terminal 3 and the
stoker to avoid stopping the day-night time clock.

3. With R154, day thermostat is out of control at night, but its con-
tacts must be closed to permit night thermostat to operate.

4. In D-C districts where timers can’t be used, T42A thermostat and
L405A Stoker switch can be used, up to !4 hp; T44A, R15A D-C
relay and L405A from 14 hp to 4 hp.

TIMING
LOCK SCREW
CAM

SCREW
LEVELING
INDICATOR

TIMING
CAM




ﬂ
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— — —— ADJUSTMENTS—TIMER AND CLOCK —— ———

Timer (All Models)—

Standard timers leave the factory set for 2-minute operation every
half hour. Settings may have to be changed to fit characteristics of
the installation and the coal used. If so, see diagram.

To Change Length of Operation— For One Operation Each Hour

Loosen screw Remove screw

Set pointer

Reverse cam segment

Tighten screw Replace screw

Day-Night Clock (RI154 or S610)—

REMEMBER:

1. The larger black-and-white dial is in effect a 24-hour clock.

2. The time index mark at left is in effect the hour hand.

3. The half-dials form a cam (for tilting the switch) that can be ad-
justed in width and in position relative to the time dial.

To Set Clock To Right Time—
——— Pull out on thumbnut.
’_'{Rclate dial assembly # 7\ until time index mark points to correct

time.
Release thumbnut so that dial assembly goes back into mesh with the

driving pinion.

To Set Changeover Times
Loosen the thumbnut
Turn half-dials under setting arrow so that—-

(a) Arrow points to ‘night setback” time on black segment;
(b) Arrow points to ‘‘morning pickup” time on white segment.

Tighten thumbnut.
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— TYPICAL CONTROL SYSTEMS

T11A, TI09A or T147 L444A Low Limit
(Optional—Steam)

[}

Ged

{ |

AT75 Trans. | :

(For T147) Line =" b

3 i

Limit Control : :
LA419, LA409, E 4 I —

L444 Or P404

Snapswitch ()
(Optional) R183B Stokerelay
Wiring:
e Line Voltage
Stoker Mator STEAM OR GRAVITY Low Voltage

This control system is frequently used for a domestic steam, gravity
hot water, or gravity warm air application. The R183B operates the
stoker periodically to maintain a minimum fire, and responds to the
thermostat by starting the stoker when heat is required. The Pressure-
trol, Airstat or Aquastat (depending on the heating medium) can stop
the stoker (without cutting off power from the timer motor in the
R183B) to prevent excessive pressure or temperature in the boiler or
furnace. The low limit control shown as optional for a steam system
maintains boiler water temperature for supplying domestic hot water
with an indirect heater. The T109 or T147 may be used where lowered
night temperature is desired.

T19A Twin R154 Timerelay Line
Acratherm 1|
' H G
L] OO € A
SOl Limit Control
L444A Low Limit FACH AN O LA#19, LA409, L444
{Optional—Steam) ! ; Or P404
[
I
I
I
-
__________________ -
Wiring:
@semmn Line Voltage
STEAM OR GRAVITY Stoker Motor Low Voltage

This control system for steam or gravity heating plants utilizes the
T19A for automatic lowering of temperature at night. A time switch
in the R154 makes the changeover, and a timer provides periodic
stoker operation to maintain the fire between thermostat operations
of the stoker. The high-limit control is a Pressuretrol, an Airstat or
an Aquastat, depending on the heating medium. The low-limit Aquastat
when used on a steam boiler with indirect heater maintains the domestic
hot water supply; it should be an immersion type mounted below the
water line.
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———-———— TYPICAL CONTROL SYSTEMS ——

T415A Outside Control [e) R154 Timerelay Line
Or Manual Switch ‘l; l!l
) |
LA409A Return
Line Agquastat [e; R @ B iﬂ é @
9O @ [0

L444A or L454A @
Aquastat
P404A Pressuretrol Ez O}

P404A Pressuretrol  |O ( ‘CI']

C402A Lo-Water Cutoff |(5 CI

Wiring: RETURN-LINE bo

e | ine Voltage

Low Voltage CONTROL SYSTEM Stoker Motor
This control system is suitable for commercial steam heating installa-
tions where positive distribution of steam on each stoker operation
must be assured. Night operation at a level to maintain a minimum
boiler temperature (as for supplying domestic hot water from an
indirect heater) is provided automatically.

Day-time operation is as follows: Whenever the switch contacts in
the T415A outside control (or the manual switch if used instead) are
closed to indicate a need for heating, the R154 Timerelay starts the
stoker when the LA409A Aquastat signals a drop in temperature in
the condensate return line. The stoker continues to operate until the
Pressuretrol in the low-voltage circuit senses steam pressure high
enough to insure saturation of the radiators.

The time switch in the R154 provides automatic shutdown and pickup
at selected times, night and moming.. During night shutdown, or when
the T415 (or manual switch) opens its circuit, the stoker operates
under command of the low-limit immersion Aquastat to maintain
minimum boiler water temperature. At all times the R154 will auto-
matically operate the stoker between Aquastat or Pressuretrol opera-
tions if necessary to maintain the fire; the ‘“skip feature’” prevents a
timer operation immediately after an operation called for by the other
controls.

The high-limit Pressuretrol prevents excessive boiler pressure and
the Lo-Water Cutoff guards against dry-boiler operation.
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———————— TYPICAL CONTROL SYSTEMS

T11A, TI09A or T147

Ty
For 3-Phase add Line :I} !I_
wiring shown by Dl Rt
dotted line ATT5 Trams.
(For T14T)
o=
—h—
Disconnect
Switch
i ) R183B Stokerelay
L444A Low Limit

Auto. Starter 7 (Optional—Steam)
| P or

4 ©) ZEU\ LF :: '%'i
l—_ Sy iy |

1R¢move Jumper

o

Stoker Motor
Limit Control
LA419, LA409, L444
Wiring: Or P404

e Line Voltage

Low Volage  THREE-PHASE (OR HEAVY-DUTY) STOKER

This diagram of a gravity hot water, gravity warm air, or steam system
shows recommended connections for room thermostat control of larger
(or three-phase) stoker motors. The R183B Stokerelay operates the
stoker in response to the thermostat, and also provides periodic fire-
maintaining operations between thermostat operations. Note that the
jumper between terminals 1 and 3 must be removed, and terminals 3
and 4 connected to the control terminals of the motor starter. (R19
relay and S400A Stokertimer together may replace R183B; remove 1-3
jumper and connect 3 and 4, in parallel, to starter control terminals.)

Note that where the power supply is 115 volts, the white or ground
side of the power supply to the relay is connected to terminal 2. The
dotted line indicates the third wire in a three-phase system.

The high-limit control (Pressuretrol, Airstat or Aquastat, depending
on the heating medium) should be connected in series with the relay
and the motor starter coil. The optional low-limit control shown is
an Aquastat for maintaining boiler water temperature in a steam system
with domestic hot water supplied from the boiler.

NOTE: For arrangement of terminals on wall plates of
various Series 10 thermostats, see p. 39.
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TYPICAL CONTROL SYSTEMS

FORCED HOT WATER T11A, TI09A or T147

R13
R183B Stokerclay _ R1B2A ATT5 Toans!
RAWE ® (For T147)
@W leee e
OR0KC
]
Line ="
LA409A or L444A
Wiring:
= Line Voltage
— Low Voltage Stoker Motor Ma17 Cireulator

This is one of the standard control systems for a forced hot water
heating plant. The thermostat actuates the switching relay (R132A)
which starts and stops the stoker (through the relay unit in the R183)
and the circulating pump. The timer in the R183 operates the stoker
between thermostat operations as necessary to maintain a minimum
fire. The surface (LA409) or immersion Aquastat (L444A) can shut
down the stoker (but not the circulator nor the timer motor) so as to
prevent excessive boiler temperatures. A reverse-acting Aquastat
(L444B) may be used as shown, connected in series with the circulator,
to prevent circulator operation until the boiler is up to temperature.

TI1A, TI09A Or T147 FORCED HOT WATER
. (SUMMER -WINTER )
L *TTTYTE
« s
S400A Stokertimer ATTS TT;;.} L é,) é
(For T147) ®!
® R132A
3@ L444A Low Limit
L4gBA Agquastat Line "G'l'l—_
X =
&) o O .
Snapswitch w.,.ng;L.
(Optional) = Line Voltage
Stoker Motor M417 Circulator — Low Voltage

This is a control system for a forced hot water installation with do-
mestic hot water supplied by the heating boiler. The room thermostat
actuates the R132A relay which in turn operates the stoker and cir-
culator. The S400A Stokertimer provides periodic fire-maintaining
operations. The L444A Aquastat operates the stoker (but not the
circulator) as necessary to maintain domestic hot water service. One
switch in the L428A Aquastat shuts down the stoker if boiler tem-
perature rises to the limit setting, and if the temperature rises a pre-
determined number of degrees above the limit setting, the second
switch starts the circulator to dissipate the excess heat.
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———— TYPICAL CONTROL SYSTEMS

Line T11A, T109A Or T147
LA401A Comb. Control 1 -
(Or LA419 and LA412) uoe P 04
: | e SIS B
i ATT5 Trans,
i (For T147)
C 1 L
SOPIEwe)
Snapowitch A WARM AIR SYSTEM
(Optional) 7 BONNET CONTROL OF FAN
R183B Stokerelay L

o) Wiring:
o Line Voltage
Stoker Motor Fan Motor Low Voltage

This simple control system for forced warm air provides thermostat
control of the stoker and furnace-temperature control of the circulating
fan. Either the thermostat or the timer mechanism in the R183B can
actuate the switching relay unit built into the R183, and this in turn
operates the stoker. The LA401A Combination Furnace Control in-
cludes a high-limit switch to prevent excessive furnace temperature
and a fan switch that starts and stops the fan according to the tem-
perature in the furnace. As indicated, an LA419 Airstat may be used
as limit control and an LA412A Furnacestat to control the fan.

THERMOSTAT CONTROL OF FAN TI1A, TI09A or T147

LA401B Comb. Control Line $11]
S400A Stokertimer (With Fan Over-run) ATTS Troms -
(For T147)
Line WO

®

[ ﬂ @_@ ® R132A
l g @0
£

< .

|
Zr\
al) O

(Option.
o
Wiring:
s Line Voltage
Stoker Motor Fan Motor —— Low Voltage

This control system provides thermostat control of the stoker and the
fan. The thermostat actuates the R132 relay, and either the latter or
the S400A Stokertimer can operate the stoker. The limit switch in the
LA401B will shut off the stoker before an excessive furnace temperature
is reached, and the right-hand fan switch permits the relay to start
the fan when the furnace is up to minimum temperature. The addi-
tional switch is the “over-run” switch; it will start the fan regardless
of the thermostat, so as to dissipate excess heat, if the furnace tem-
perature rises above the limit setting.
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- TYPICAL CONTROL SYSTEMS —————

@ Tso2
(2-Stage)

Line =8 ™
ine
R19A Relay
3o ‘B@@j®l o)
R183B Stokerelay %g@@
1H
) |
7o
&
Snapswitch
(Optional)
. o)
LA401B Comb. Control

Q (With Fan Over-run) T
g Wiring:
WARM AIR SYSTEM = Line Voltage

Stoker Motor Fan Motor 2.STAGE THERMOSTAT Low Voltage

This control system for stoker-fired warm air is popular in some sec-
tions because of the two-stage operating sequence. On a drop in room
temperature, the T802B pulls in the R19 relay. If the furnace tem-
perature is above the ‘fan on” point of the 1.LA401B, the fan starts,
and runs until the thermostat is satisfied or until the furnace cools to
the “fan off’”’ point. When heat is not available in the furnace, or when
for some other reason the room temperature falls a little further, the
“high stage” contacts of the T802 close, actuating the R183B to start
the stoker and generate more heat. The R183B also provides periodic
stoker operations to maintain a minimum fire. The LA401B includes
a high-limit switch; the fan switch whose function has already been
mentioned; and an ‘“‘over-run’ switch that will start the fan inde-
pendently of the other controls if the furnace temperature rises above
the limit setting.

THERMOSTAT HEATERS for Use With Series 10 Relays

THERMOSTAT
RELAY T11A, T17, T19, T12HA, T105,
T81A, T109, T111, T802B
T147, T178, T847
L147A (25 cy.) Black & Green Blue
L147A (60 cy.) Green Black & Green
R19A, B, C (25 cy.) Black & Green Blue
R19A, B, C, D (60 cy.) Green Black & Green
R132A (25 cy.) Black 8& Green Blue

R132A (60 cy.)

R154C, D (25 or 60)
R1824, B, C (60 cy.)

R183B (25 cy.)
R183B (60 cy.)

Green
Green
Green

Black & Green
Green

Black & Green
Black & Green
Black & Green

Blue
Black & Green

For other controls see Thermostat Heater Index, Form 95-1346, or

write for information.
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————— TROUBLE-SHOOTING BY ELIMINATION —/———

Series 10 Stoker System

When there is no apparent cause for erratic operation: (1) prove

the relay; (2) prove thermostat cable; (3) prove the thermostat.

Relay (R183B, R154)

1.

6.

‘Make sure that

(a) There is power at terminals 1 and 2;

(b) the ‘“‘thermostat control”’ contacts of timer are made;
(c) the limit control contacts are made.

Remove thermostat wires from terminals R, W and B at relay.
Place jumper, or short, across these three terminals.

After stoker has operated a few seconds, remove jumper from B
terminal only. If stoker continues to run several minutes, the relay
is operating correctly.

If relay does not pull in after step 3, or if stoker doesn’t continue
to run as outlined in step 4, we suggest replacing relay.

If relay passes tests, reconnect thermostat wires at relay.

Thermostat Cable

1.

W"”th thermostat wires connected to relay and thermostat, remove
thermostat from its base plate.

Short or jumper the R and W terminals on base plate. If stoker
starts, there is a short between red and blue wires within the ther-
mostat cable. Remedy: replace thermostat cable.

If stoker did not start in step 2, momentarily short B to R-W
jumper—until stoker starts—then remove B jumper. If stoker con-
tinues to run, thermostat cable is free from open or short circuits.
If stoker stops with R-W shorted, the red wire is open. Try to
locate the break or replace the entire cable.

If stoker did not start in step 3, the white or blue wire is open.
Check for loose connection, find break, or replace cable.

Thermostat
We have now checked both relay and thermostat cable. If the trouble
has not been found it is now in order to check the thermostat.

1.

Check the heater plug screw for tightness (a loose heater plug
screw would mean a break in the red wire).

Check the three mounting screws for tightness.

Make sure the blue contact is not making ahead of the white con-
tact. If it is, recalibrate differential and main scale according to
instructions packed with the Q56A Tattelite.

Make sure contacts are clean. Polish only with a piece of hard-
surface paper—NEVER use file, emery cloth or sandpaper.
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—————————— GAS BURNER CONTROLS ——————

VI6A V435 or V835 V44 or V84

V148 viiz

V118

C509 C418 C409
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INSTALLATION “DO’S AND DON’TS”

INSTALLATION

Things to DO—

1. Install valve on horizontal pipe with power unit up—and with flow
in direction of arrow on valve body.

2. Use new pipe properly reamed and free from chips.

Put dope on all but the first two threads of pipe only.

4. On diaphragm valves, run bleed line into combustion chamber-
where pilot will ignite bleed gas.

5. If local gas has high moisture content, installing a drip ahead of
valve is recommended.

6. On sulphur-bearing gas, use valves with special trim to prevent
corrosion. (V155 and V898 standard models are acceptable.)

w

Things NOT to DO—
1. Don’t risk gumming up the valve by putting dope on first
two pipe threads or threads of valve body.

2. Never use head of valve as lever to swing valve on pipe—
use proper-sized wrench on valve body hex next to pipe.

3. Never use valves on gas pressures in excess of ratings.

4. Never use standard (natural or manufactured gas) valves on
liquefied petroleum gas (L.P.G.). Use L.P.G. valves con-
structed, tested and marked for this service.

5. Never try to turn conduit outlet without loosening union
nut between power unit and valve body—serious damage
to valve, and gas leakage, might result.

WIRING
Things to DO—

1. Wiring must comply with local electrical ordinances.

2. Use only proper transformer for voltage and frequency of available
power (refer to instructions with valve).

3. High limit if used is normally connected in thermostat circuit—
on Series 10, switch should break white wire.

4. Always select a constant source of power—one not interrupted by
a light switch.

5. Check out the completed installation to see that thermostat and
limit control will operate valve—and that automatic pilot shuts
off main burner if pilot goes out.

6. If splices are necessary, always follow color coding and make good,
solid connections.

Things NOT to DO—

1. Never connect low-voltage valve directly to line.

2. Never run control wiring too close to firing door of furnace
or boiler.

3. Don’t fasten cable to steam or hot water pipes.

4. If Series 10 valve with manual opener is used, don’t connect
limit or pilot switch in transformer circuit.
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————— SOLENOID VALVES—SERIES 10—

\

SERIES 10 THERMOSTAT

SERIES 10 @ wWE
OONTROL | @@ @)

PILOTSTAT i
ORLW.GO.F—1- 7
IF USED i

TRANS.

m2—r
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VI6A Series 10— Manual opening and automatic recycling.

Refer to p. 52 for installation and wiring Do’s and Don'’ts.

If valve fails to operate properly:
1. Is valve installed in vertical position?
Is power available to valve and at proper voltage?
Is pilot lit and are pilot contacts made?
Check wiring for loose connections.
Is holding contact making and breaking properly?
If valve stays open when power is applied with thermostat con-
tacts open, check recycling contact.

7. If there are deposits from the gas, periodic cleaning of valve seat,
plunger and plunger tube is necessary.

o v s W

a. Turn off gas supply and disconnect wiring.

b. Remove reset knob.

c. Remove the four screws holding power unit to valve body.

d. Carefully lift power unit over reset stem.

e. Remove screw holding reset lever assembly.

f. Clean with pure naptha the plunger, plunger tube and reset
assembly—including top of plunger and around centering pin.

g. Carefully re-assemble valve stem and power unit. Be sure

to use new gasket.

h. Be sure to replace screw in side of valve body and tighten
all screws.

i. Test valve for operation.

To test manual reset and automatic recycling mechanism:

1. Turn off power supply and turn down thermostat.
2. Manually open valve by turning reset button.
3. Turn on power supply and valve should close automatically.

Note: Limit controls and automatic pilots are normally wired in
thermostat circuit. Recycling mechanism requires power to
operate.



———————— SOLENOID VALVES—TWO-WIRE ——————— —
V44—V84 V435—V835
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OPENING vass

v835

COIL:

GENTERING
WASHER

®V435

_/ ot SERIES 80 AUTO-
o el oBEe QONTE
: ///_OGUARD «G ( SED)
YT O TraL
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Refer to page 52 for installation and wiring tips.

IF VALVE FAILS TO OPERATE PROPERLY—
1. Is valve installed in vertical position?

2. Is power available at valve and at proper voltage?
3. Is pilot lit and are pilot contacts made?
4

If manual opening device is used, is it in the proper position to
allow valve to close normally? This type of valve does not recycle—
must be closed manually after being manually opéned.

Check wiring for loose connections.

o

6. If there are deposits from the gas, periodic cleaning of valve seat,

plunger and plunger tube is necessary.

a. Turn off the gas supply and disconnect wiring.

b. Unscrew small nut on top of valve assembly and lift off top
(coil) assembly (V44-84).

c. Use suitable wrench to unscrew clamp nut.

d. The valve plunger, stem and valve disc can then be lifted out
and cleaned with pure naphtha (Inflammable!).

e. Remove foreign matter from plunger and clean tube thoroughly.
Be sure to scrub top of plunger tube.

f. Reassemble valve and check its operation.

7. High-sulphur-content gases require specially trimmed valves.
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V148—V149—V448

SERIES 10 TWO WIRE LIMIT
THERMOSTAT CONTROL ORLOW
WATER CUTOFF
DIGIC IF USED
@@ B)[SERIES 10
LIMIT
@ ® @)|cONTRo-
AUTOMATIC
(IF USED)
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AS ABOVE
D|||nOT USED,
2| Sompir
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PANEL | 1 TRANS, N
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Refer to p. 52 for general installation and wiring tips.

Things to DO—

1.
2.

BE SURE to run bleed line into combustion chamber.

Instruct customer how valve can be opened manually during power
failure periods.

Things NOT to DO—

1.

N

Don’t restrict bleed Iine—sharp bends can retard gas flow
and prevent normal opening of the valve.

Don’t oil synthetic diaphragms.

Don’t bend any levers on the relay unit!

VALVE FAILS TO OPERATE PROPERLY—

Is power available to valve at proper voltage?

Is pilot lit and are pilot contacts made? Check by placing jumper
across the pilot terminals.

Is the holding contact on the relay making and breaking properly
when the valve operates? (V148 and V149.)

Does the relay operate the lever on the diaphragm control valve?
Does the wiring to valve follow connections outlined above?
Does the recycling &ontact make and break properly?

For further checks refer to ‘“Trouble-Shooting by Elimination,” on
p. 62.

If leather diaphragm is stiff so that valve opens and closes slowly,
oil the diaphragm through outlet (9, drawing above). Use about
50 drops of Neatsfoot oil, light acid-free mineral oil or meter oil.
Replace plug.

If the foregoing checks don’t correct faulty operation, replace the
diaphragm control valve.
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——— DIAPHRAGM VALVE CONTROLLERS ————

V166A—V466B—V866B
() MANUAL OPENING
STEM

| __—€) TERMINAL
BLOCK
Q
T ——@ RELAY
(o_ I o ASSEMBLY

e Q
VALVE
/0 STEM

——@) TAPPING FOR
GAS AGTUATED
LIMIT GONTROL
OR PILOT SAFETY
(IF USED)

(B)(R)(W)|SERIES 10 THERMOSTAT ~ LINE

SERES (0
®®L1MIT ONTROL
2-WRE 2-WIRE TRANS.
©QI0) LIMT  SAFETY
CONTROL PILOT
(IF USED) (IF USED)
""" THERMOSTA
0 OHO O sosTT
®
V4668
® v8686) |} R
v V8668
VIG6A TO LINE

These diaphragm controllers are pilot valves to operate diaphragm
gas valves. Refer to p. 52 for general ‘“Do’s and Don’ts.”

Installing on Diaphragm Valve or Adapter Plate—

1. Remove cellulose tape from bottom of controller and top of boss
on diaphragm valve.

Make sure channel openings are free from foreign matter.

Make sure gasket is in proper position on diaphragm boss.

Be sure to tighten controller mounting screws.

Be sure to run bleed line into combustion chamber.

[T QN SIS )

If Valve Fails to Operate Properly (Complete Assembly)—

Is power available to valve at proper voltage?

Is pilot lit, are pilot contacts made? Check with jumper.

Is relay holding contact making and breaking properly?

Does recycling contact make and break properly?

If valve still fails to operate correctly, refer to ‘“Trouble-Shooting
By Elimination,” p. 62.

If all checks fail, replace diaphragm controller.

Things NOT to DO—

1. Don't bend ear at top of relay armature. When valve /s manu-
ally opened, this ear holds relay armature in proper position
for recycling when power is restored.

W=

o
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DIAPHRAGM GAS VALVES

V117—V417—V817—V118—V418—V818—V119—V419—V 819

REFER to general “Do’s and Don’ts,” p. 52. For wiring, see opposite

page.
SERIES 10 SERIES 40 SERIES 80
Assembly | Sub-Units | Assembly | Sub-Units | Assembly | Sub-Units
V117 V517 V417 V517 V817 V517
V166A V466B V866B
V118 V518 V418 V518 V818 V518
V166A V466B Vv866B
V119 V519 V419 V519 V819 V519
V166A V466B V866B

V517 Diaphragm Gas Valves

1.

2.

Install diaphragm assembly as a unit if possible. If it must be
disassembled, see instructions packed with it (Form 95-980A).
To locate damper arm, loosen clamp nut, rotate diaphragm housing,
and tighten nut. See that arm can operate freely.

If Valve Fails to Operate Properly—

AW

o

Check bleed piping for stoppage, and bleed adjusting valve if used.
Check channel openings in diaphragm casting.

Can the valve stem move freely in the guide?

Does the damper arm operate freely?

When damper arm is used to operate secondary-air door, see that
arm is not overloaded and that air door operates freely.

Is normal gas pressure available to operate diaphragm?

If diaphragm leather is dried and stiff, treat with Neatsfoot oil,
light acid-free mineral oil or meter oil.

V518-V519 Diaphragm Gas Valves

1.

2.

To remove diaphragm unit from valve body refer to instructions
packed with the assembly (Form-95-1198).

To relocate’ damper arm, loosen the hold-down bolts in bottom of
diaphragm housing and rotate entire top unit. Tighten hold-down
bolts again.

Counterbalance damper arm for weight of secondary-air door.

If flare pilot is used and larger or smaller pilot flame is needed refer
to instructions (95-1198).

If Valve Fails to Operate Properly—

Sl el el

o

Check bleed line for stcppage, and bleed adjustment valve if used.
Check channel openings in the diaphragm casting.

Does the valve stem move freely in the guide?

Does the damper arm operate freely?

When arm operates secondary-air door, see that arm is not over-
loaded and that air door operates freely.

Is normal gas pressure available for diaphragm operation?

If diaphragm leather is dry and stiff, treat with Neatsfoot oil, light
acid-free mineral oil or meter oil.
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—————————— V155 MOTORIZED GAS VALVE ——————

Refer to p. 52 for general “Do’s and Don’ts” and to in-

structions packed with valve for detailed instructions.

Things to DO—

1. Shut off power and gas before removing power unit.

2. Lock power unit in manual-open position before re-
moving.

3. Before replacing power unit on body, be sure seat and
valve disc are clean.

4. Before tightening clamp nut, locate damper arm prop-
erly and see that arm operates freely.

5. If leather diaphragm dries out, treat with Neatsfoot
oil, light acid-free mineral oil, or meter oil.

6. Teach customer manual operation of valve during power
failure.

Things NOT to DO—

1. Don’t forget to put gasket in proper position.

2. Don’t leave cover off after installing or seérvicing
valve.

3. Don’t forget to jumper W and Y terminals if valve-
model Pilotstat is used.

4. Don’t use abrasives on any contacts on valve.

5. Don’t oil holding contact assembly or cam that
operates the contact points.

6. Don’'t use motorized valve for final shutoff service
where it must remain open for long periods. Use
diaphragm valves.

To use ‘“knee-action” mechanism, remove changeover

screw (8). Then valve will close fully even if secondary

air door sticks partly open. This also prevents manually
opening the valve by depressing the damper arm.

TO OPEN valve (with changeover screw removed), take

off cover, raise lever arm ‘12"’ and push in reset button

“10”. Valve recycles automatically when power returns.

IF VALVE FAILS TO OPEN OR CLOSE PROPERLY:
Is power available, and at proper voltage?

2. Is pilot lit and Pilotstat contacts closed? Check by

placing jumper across Pilotstat terminals.

Does secondary air door operate freely?

Does motor open and close freely (by hand)? If not, and

oiling doesn’t free it, replace power unit. (Use only

M-H oil on motor bearings.)

5. Does holding contact make and break properly when
valve operates?

6. Does recycling contact open and close properly (on
manual opening)?

7. If valve still fails to respond properly to thermostat
see ‘“Trouble-Shooting by Elimination,” p. 62.

v
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———————— V155 MOTORIZED GAS VALVE ————————

) oIL TUBES
AUXILIARY
s S —€) MERCURY
SWITCH
(C MODEL ONLY)
@ cuT-ouT
CONTACT

\QCLOSING
SPRING

UNION NUT
VALVE DISC

8 eIl
—— |l

PILOT
CONNECTION

SERIES [0 TRANS.

SERIES 10 LIMIT .
THERMOSTAT CONTROL gl
VI55 TO LINE
(R) o
® ® >
@ @
® ®

TO ELECTRIC SWITCH
TYPE AUTOMATIC
PILOT < 7

i NOTE: LINK Y & W IF SWITGH TYPE AUTOMATIC
| PILOT IS NOT USED

Typical Connections for V155 Gas Valve

REMEMBER—

Don’t remove valve power unit without first shutting off
gas supply and power.



— ————— LIQUEFIED PETROLEUM GASES —/——————
(L.P.G., or “Bottled Gases’’)

REMEMBER: Liquefied Petroleum Gases are considerably
heavier than air and any leakage will accumulate at low levels.

Things to DO—

1. BE SURE to guard against leakage or escape of unburned gas.

2. Provide adequate ventilation where L.P.G. appliances are installed
in basements or confined areas.

3. Use equipment specially designed for L.P.G. service.

4. Use automatic pilots that will shut off both main burner gas and
pilot gas if the pilot flame goes out. (See drawings below: valve
model pilotstat has pilot supply tapping; switch model may be
wired to shut pilot valve as well as main valve.)

5. Use pipe dope suitable for L.P.G. (insoluble in petroleum product).

Check local ordinances for requirements on L.P.G. installations.

7. With butane-air mixtures up to 1000 Btu,cu ft and propane-air
mixtures up to 1500 Btu, cu ft, delivered at less than 7" w.c., stand-
ard valves may be used, but 1009, shutoff on pilot failure is still
required.

(=}

Things NOT to DO—

1. Don’t use valves with seats, seals, gaskets or diaphragms of
leather (unless specially treated for L. P. G. service).

2. Don’t use ordinary pipe dope on L.P.G. installations.

For general information, refer to other pages in this section.

SERIES 80
THERMOSTAT
e T o1
| ILIMIT
: :CONTROL
INSULATION 16 o IFUSED)
THERMOCOUPLE v L-.‘i_.
CONNECTING -COMPRESSION
NUT FITTING
) vB4-va3s
=GOLD JUNCTIONS AT
ELECTRO- < VALVE
MAGNET — | Lt FLAME
KON S AREA
X ON THIS A vier
\ PILOT
PRIMARY “HOT JUNCTION VALVE
SEAT
-CLOSING SPRING
> ®
PILOT TAPPING ®
RESET “SECONDARY ®
BUTTOR. b SEAT
TRANS. L
C509A PILOTSTAT )
E

G4I18A PILOTSTAT



61

AUTOMATIC PILOTS
C409—C418—C509 Pilotstats

INSTALLATION
Things to DO—

1. Follow carefully instructions packed with Pilotstat.

2. Check stamping on pilot burner hex for correct sizing of orifice for
the gas used. Normal sizes:
Natural or mixed: .025—.028 Manufactured: .030—.033
L. P. Gases: .011—.013

Things NOT to DO—

1. Avoid sharp bends in thermocouple leads at brazed joint
(below thermocouple) and at connector end.

2. Don’t kink the thermocouple lead.

TROUBLE-SHOOTING
If Pilotstat fails to hold in when reset:

1. Check pilot for blue flame. If it burns yellow, clean primary air
opening on pilot burner.

2. Check thermocouple position on pilot burner: only 3§” to 15" of tip
should be in flame.

3. Check couple connection: it should be finger tight plus !{ turn.

4. Check thermocouple output with millivoltmeter test kit.

| 409, 509, 809 | cC418 |

With normal flame meter should read |  13—17 771842-237
| Pilot should ignite main burner down
| toreading of ... __ . .__. _. ... i 4 mv | 6mv |

5. If output is satisfactory with main burner off, does reading vary
appreciably with burner on? If it drops appreciably, it may be
necessary to install a baffle around the pilot burner to protect
against drafts or turbulence.

If Pilotstat has been dropping out for no apparent reason but
holds in if reset—

1. Pilot flame may be smothered by main flame on cold start after
long shutdown. Eliminate cause of smothering.

2. Down drafts or temporary low gas pressure could also be the cause.

Make sure both parts of connector are clean and making good

contact.



