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DIRECT SPARK IGNITION CONTROL MODULE

600 BLUEWATER NW. ALBQ. i 87108
470 DIRECT SPARK IGNITION

APPLICATION

The S87 is a low voltage, solid state, direct spark ignition
control module for gas-fired furnaces, boilers and heating
appliances. Models are available with or without a prepurge
timer. The S87 controls the gas valve, monitors the main

burner flame and generates a high voltage for spark ignition.

INSTALLATION INSTRUCTIONS

FEATURES

S87A uses a single electrode for spark ignition and flame
sensing. Use only with Resideo gas controls designed for
0SI application: V845, V854, VR845, VR854, VR8450 and
VR8540.

S87B uses a single electrode for spark ignition and flame
sensing. Use with any gas control designed for OSI
application that is rated at 2.0 A or less. Includes optional
alarm circuit for use on system safety lockout

S87C uses separate electrodes for spark ignition and
flame sensing. Use only with Resideo gas controls
designed for OSI application: V845, V854, VR845, VR854,
VR8450 and VR8540. For direct replacement of S825C.
See page 3.

S87D uses separate electrodes for spark ignition and
flame sensing. Use with any gas control designed for OSI
application that is rated at 2.0 A or less. Includes optional
alarm circuit. For direct replacement of S825D. See page
3.

S87J uses a single electrode for spark ignition and flame
sensing. Use with any gas control designed for OSI
application that is rated at 2.0 A or less. Includes a 30
second (minimum) delay for use with system prepurge.

S87K uses separate electrodes for spark ignition and
flame sensing. Use with any gas control designed for OSI
application that is rated at 2.0 A or less. Includes a 30
second (minimum) delay for use with system prepurge.

External, replaceable fuse protects system transA-former
and temperature controller.

Automatic system lockout after trial-for-ignition if
malfunction exists or main burner flame fails to ignite. All
models available with 4, 6, 11, or 21 second (nominal)
lockout time.

Compact, solid state components for accurate, long-
lasting performance.

Convenient remote start procedure; after safety
shutdown, control module can be reset from the
temperature controller.

Low voltage control circuit reduces wiring costs.

Uses flame rectification principle to prove presence of
main burner flame; false flame signal resulting from short
to ground results in safety shutdown.

68-0039-02
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SPECIFICATIONS

IMPORTANT:
The specifications given in this publication do not
include normal manufacturing tolerances. There-
fore, this unit may not match the listed specifica-
tions exactly. Also, this product is tested and
calibrated under closely controlled conditions, and
some minor differences in performance can be
expected if those conditions are changed.

The S87 Direct Spark Ignition Control Module controls a
Direct Spark Ignition (DSI) gas heating system. A
combination gas control spark igniter, flame sensor,
thermostat or temperature controller, temperature limit
controller and 25 Vac transformer complete the DSI system.

The S87 performs the following functions when the
thermostat calls for heat:

1. The S87 J and K models provide a 30 second prepurge
(delay on start-up).

2. All models check for a false flame condition (short to
ground). Module will lock out if false flame condition is
present Reset is manually done from the thermostat

3. Generates 30,000 volts (open circuit) at the spark-
igniter stud for direct ignition of the main burner.

4. Opens the main gas control valve.

{©) +66 808170170 @ 16621086000 @ www.add-furnace.com

5. Senses the presence of main burner flame and discon-
tinues ignition spark. If the burner fails to ignite within
the trial-for-ignition period, the S87 goes into safety
lockout. Reset is manually done from the thermostat

6. On aloss of power, the S87 allows the system to shut
down safely. Start-up is initiated when power is
restored.

7. On aloss of main burner flame, the timed trial-for-igni-
tion is repeated. Safety lockout occurs if flame is not
reestablished within the trial-for-ignition period. Reset
is manually done from the thermostat

Models: See Table 1.

Electrical Ratings:

Voltage and Frequency: 25 Vac, 60 Hz.
Current Rating: 0.2 A at 25 Vac.

Valve Contacts (S87B,D,J,K): 2.0 A at 25 Vac.
Alarm Contacts (S87B,D): 0.5 A at 25 Vac.

Thermostat Heat Anticipator Setting: 0.2 A plus valve current
draw.

Safety Lockout Timing: 4, 6, 11, 21 sec (nominal). Specify
when ordering.

Flame Failure Reignition Time: 0.8 sec maximum.

Flame Current Signal Required: 1.5 p dc minimum. See
Table 1 for recommended flame sensors.

Table 1. S87 Models.

Model No. Spark Igniter |Flame Sensor Valve Required?
S87A Q347B¢ Resideo V845, V854, VR845, VR854, VR8450, VR8540
sg7Bb Jf Q347B¢ Any DSl valve rated up to 2.0 A maximum
sg7cd Q347A or Q330 | (1) Q354A |Resideo V845, V854, VR845, VR854, VR8450, VR8540

Q342¢
Q361°¢
S87DPA K¢ Q347A | Q354A Any DSI valve rated up to 2.0 A maximum
Q342°¢
Q361¢

@Valve used must be designed for DSI application.
b These models have an alarm circuit
¢ Single electrode for spark ignition and flame sensing.

d'587C can be used for direct field replacement of S825A,C. S87D can be used for direct field replacement of $825A-D.
€ Separate spark igniter and flame sensor mounted on a common bracket

f Includes a 30 second (minimum) prepurge timer.

Spark Generator Voltage: 30,000 V open circuit. See Table 1
for spark igniter.

Ignition Cable:

Type: See Table 2. Maximum length, 3 ft. [0.9 m].
Connectors: snap-spring, 1/4 in. [6.4 mm] diameter.

68-0039-02 2

Table 2. Recommended Ignition Cable.

RMS Voltage Temperature Rating
Cable Type Rating F (o}
UL Style 3217 {10,000 302 150
UL Style 3257 {10,000 482 250

Mounting: Mounts in any position. See Fig. 1.
Dimensions: See Fig. 1.

Ambient Temperature Rating: -40 F to 175 F[-40 C to 79 C].
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Relative Humidity Rating: 5 to 95 percent at 90 F [32 C].

Prepurge Timing (S87J,K): 30 seconds, minimum;
45 seconds, maximum.

Wiring Connections: 1/4 in. [6.4 mm] male, quick-connect
terminals for system component connections and 1/4 in.
[6.4 mm] diameter stud base for ignition cable.

Underwriters Laboratories Inc. Listed: File No. MH11790.

American Gas Association Certified: No. 20-148.

Canadian Gas Association Certified: No. 1029-ABI-5037A

Replacement Part: 3 A fuse.
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Fig. 1. Dimensions of S87 in in. [mm)].

INSTALLATION

When Installing this Control Module...

1. Read these instructions carefully. Failure to follow
them could damage the product or cause a hazardous
condition.

2. Check the ratings given in the instructions and on the

product to make sure it is suitable for your application.

S87AB,CD,JK

3. Theinstaller must be a trained, experienced service
technician.

4. After installation is complete, check out system opera-
tion.

/\ CAUTION

1. Disconnect power supply before wiring the S87 to
prevent electrical shock or equipment damage.

2. If a new gas control is to be installed, turn off gas
supply before starting installation. Be sure to
conduct a Gas Leak Test after the gas control is
installed (follow manufacturer's instructions or see
instructions on page 8).

IMPORTANT
If this is a replacement application, follow the appli-
ance manufacturer's instructions if available. The
manufacturer usually provides wiring diagrams,
start:-UP and checkout instructions and service
procedures for their system. If the manufacturer's
instructions are not available, the information below
may be used as a general guide.

Mount the S87 Control Module

Select a location within 3 ft [0.9 m] of the burner that will
permit a direct cable route to the spark igniter or
igniter/sensor. Ready access to the S87 terminals is
necessary for wiring and servicing. Do not exceed the
ambient temperature rating given in “Specifications” on
page 2.

The S87 may be mounted in any position. See Fig. 1 for
mounting dimensions. Use No. 6-32 machine screws or No. 8
sheet metal screws 1 inch long for fastening. Fasten
securely.

Mount The Auxiliary Controls

Mount the spark igniter, flame sensor, thermostat,
transformer, gas control and any other auxiliary controls
according to the manufacturer's instructions.

NOTE: S87B, D, and K installations require a transformer
rated to handle both the S87 current and gas valve
current. Table 3 shows the transformer rating nec-
essary for various valves. S87 A, C and J installa-
tions require a transformer with a rating of at least

30 VA.

68-0039—-02
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S87A,B,C,D,J,K
other 24 V control loads (vent dampers, prepurge
Table 3. Transformer Ratings for S87B, D, K and Dual Valve relays, etc.). Gas valve must be designed for DSI appli-
Combination Gas Control. cation.
Minimum VA . . .
Rating (25V | Total Valve Current | S87B,D,K current | Grounding S87, Spark Igniter and Main
transformer) (in amperes) (in amperes) Burner
20 up to 0.6 0.2 o
30 061010 02 For the system to operate properly, spark igniter, flame
otol : sensor and S87 control module must share a common
40 1.0to1.4 0.2 ground with the main burner. Use thermoplastic insulated
55 141020 0.2 wire with a minimum rating of 105 C [221 F] for the ground
i i i wire; asbestos insulation is not acceptable. If necessary, use
a shield to protect the wire from radiant heat generated by
WI RI N G the burner. Connect the ground wire as follows.
1. Fit one end of the ground wire with a female 1/4 in.
. quick-connect terminal and connect it to the male
General Precautions quick-connect GND (BURNER) terminal on the S87
1. Check the wiring diagram furnished by the heating control module.

2. Strip the other end of the wire and fasten it under the

appliance manufacturer, if available, for circuits differ- S| )
igniter bracket mounting screw. If necessary, use a

ing from the ones shown. Carefully follow any special ! X h
instructions affecting the general procedures outlined shield to protect the ground wire from radiant heat. The
below. burner serves as the common grounding area.

2. All wiring must comply with applicable electrical codes NOTE:
and ordinances. .

3. Disconnect the power supply before wiring to prevent
electrical shock or equipment damage.

4. If installing a separate Q354A flame sensor, the sensor
leadwire should be kept as short as possible and
should not be allowed to rest against grounded metal A==
surfaces. toives RN

5. A common ground is required for the S87, the spark L2—>
igniter and the main burner. The 25 V (GND) terminal TRANSFORMER
internally grounds one side of the transformer. Any
auxiliary controls or limits must not be in the grounded 5874 CONTROL MODULE
leg.

6. Ignition cable should not touch any metal surface or
current-carrying wires. It must not be more than 3 ft
[0.9 m] long.

7. Do not short valve terminals as this may burn out the
temperature controller, the transformer or the S87 fuse.

Wire the S87 Control Module

1. Connect system components to the S87 terminals as
shown in the wiring diagrams, Fig. 2-9. Refer to the fomd
heating appliance manufacturer's instructions for wir-
ing any other auxiliary controls.

It is not necessary that the burner is “earth”
grounded.

LIMIT
CONTROLLER

25 V(GND)
VALVE
VALVE
25V GND

[TT]To

V845, VR845, VR8450
COMBINATION
GAS CONTROL
Q TERMINALS
E)

1

o =g []ITo

1GNITERSENSOR ]

7 ITER-SENSOR
AND BURNER GROUND Q347 16N S

o TEMPERATURE A

NOTE: Use only recommended ignition cable (see CONTROLLER SR
Table 2) to connect the S87 with the spark
Ignlter_. Cable must not run in continuous CO!']— A :g‘g$§c§#g';LKé';RE%\GE‘EE&SCONNECY MEANS AND OVERLOAD
tact with a metal surface or spark voltage will /A\ ALTERNATE LIMIT CONTROLLER LOCATION
be greatly reduced; use ceramic standoff /A\ MAXIMUM IGNITER SENSOR CABLE LENGTH: 3 ft. (0.9 m] OR LESS.
brackets if necessary. Cable length must not /A\ FACTORY-INSTALLED WIRES ON “VR" TYPE CONTROLS. DO NOT REMOVE.
exceed 3 ft [0.9 m]. A 3 A REPLACEABLE FUSE. a78se

2. Adjust thermostat heat anticipator to match system
current draw. The current draw equals the total current

required for the S87 (0.2 A) plus the gas valve and all Fig. 2. S87A in typical hookup for direct spark ignition

heating system. See Fig. 14 for system schematic diagram.

68-0039-02 4
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S87AB,CD,JK
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Fig. 3. S87B in typical hookup for direct spark ignition /A\ FACTORY-INSTALLED WIRES. DO NOT REMOVE.
heating system. See Fig. 15 for system schematic diagram. /5\ 3 A REPLACEABLE FUSE.

98128

Fig. 4. S87C in typical hookup for direct spark ignition
heating system. See Fig. 16 for system schematic diagram.
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A ALTERNATE LIMIT CONTROLLER LOCATION.
A MAXIMUM IGNITER-SENSOR CABLE LENGTH 3 ft. [0.9 m] OR LESS.
A 3 A REPLACEABLE FUSE. 11,394

A ALTERNATE LIMIT CONTROLLER LOCATION. i
i
A MAXIMUM IGNITER-SENSOR CABLE LENGTH: 3 ft. [0.9 m] OR LESS.

A 3 A REPLACEABLE FUSE.

Fig. 5. S87D in typical hookup for direct spark ignition
heating system. See Fig. 17 for system schematic diagram.

Fig. 6. S87J in typical hookup for direct spark ignition
heating system with prepurge blower connection. See Fig. 18
for system schematic.
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& 3 A REPLACEABLE FUSE. 11,3934

Fig. 7. S87K in typical hookup for direct spark ignition
heating system with prepurge blower connection. See Fig. 19
for system schematic.
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Fig. 8. S87 in typical heat-cool application with direct spark ignition heating system.
LIMIT
f CONTROLLER
=L
(HOT)

L2

®
6,

®

TRANSFORMER

a9
Q

CONTROL

?
COOLING
CONTROL

T872/Q672
THERMOSTAT
-SUBBASE

S87 CONTROL MODULE A

68-0039-02

O

25V (GND) ALARM

[1o

VALVE

VALVE
25V

GND
(BURNER]

RO

V854, VR854,
VR8540

DUAL VALVE,
2-STAGE

GAS CONTROL

L 1

FOR BURNER HOOKUP,
SEE HOOKUP DIAGRAMS FOR

$87 MODEL.

A POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
PROTECTION AS REQUIRED.

/2\ ALTERNATE LIMIT CONTROLLER LOCATION.
/2\ FACTORY-INSTALLED WIRES. DO NOT REMOVE.
/A\ 3 A REPLACEABLE FUSE.

98108
A ALARM TERMINAL PROVIDED ON S878 AND D ONLY.

Fig. 9. S87 in typical two-stage direct spark ignition heating system.
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STARTUP AND CHECKOUT

S87AB,CD,JK

Table 4. S87 Lockout Times.

The following start-up and checkout procedures are basic to Specified S87 Lockout Time ]
all S87 control modules. If this is a replacement application, (stamped on S87 control | Safety Lockout Time Should
refer to the specific instructions provided by the heating module) Not Exceed
appliance manufacturer (if available). Also, since the auxiliary 2.0 sec. 5.0 sec.
controls used on any DSI system may differ, refer to the
manufacturer's instructions for checkout and start-up 6.0 sec. 7.0 sec.
procedures for other system components. 11.0 sec. 15.0 sec.
NOTE: If one of the system components fail, the S87 will 21.0 sec. 35.0 sec.
either not operate or it will go into safety lockout 4. After spark cutoff, manually reopen gas supply cock.
(depending on the type of failure). If the system No gas should flow to the main burner.
does not perform as outlined in the steps in “Start 5. Reset system as described below.
System"” on page 9 and “Check Safety Lockout" on
age 9, refer to “Service" on page 11 to determine
the cause. pad Reset S87 After Safety Lockout
If the control goes into safety lockout, it will remain locked
Gas Leak Test out until the system is reset.

If the gas control has been replaced as part of the S87
installation, perform the following test for gas leaks.

A\ WARNING

The gas leak test must be performed to avoid
possible explosion or fire.

With the main burner in operation, paint the pipe joints and
valve gasket lines with a rich soap and water solution.
Bubbles indicate a gas leak. To stop leak, tighten joints and
screws or replace the gasket. Never use a flame to check for
gas leaks.

Start System

1. Turn on the power and the gas supply.

2. Setthermostat to call for heat and watch for spark at
the igniter. (S87J and K models have a 30 second delay
on start-up for prepurge.) Time the length of the spark
operation; it must be within the lockout timing period
(see Table 4).

3. Check that the system starts as follows: Spark turns
on, gas valve opens at once, and burner ignites after
gas reaches the main burner. Once burner flame is
established, spark igniter cuts off.

NOTE: If the gas control has been replaced or serviced,
lightoff may not be satisfactory until air has been
purged from the gas line or the gas input and com-
bustion air have been adjusted (see manufacturer's

instructions).

Check Safety Lockout

1. With the system power off and the thermostat set to
call for heat, manually shut off the gas supply.

2. Turn power on to energize the S87 and begin spark
ignition, immediately start timing.

3. Determine the number of seconds to safety lockout
(spark cutoff). It should not exceed the time shown in
Table 4.

To reset the system, adjust the thermostat setting below
room temperature, wait 30 seconds, and move the
thermostat setting up to call for heat. Normal ignition should
occur as described in “Start System” on page 9.

Checkout

Start system and observe operation through at least one
complete cycle to make certain all controls are operating
safely.

OPERATION

The S87 control module performs the following basic

functions:

+ Provides a 30 second (minimum) system prepurge—S87 J
and K models only.

+ Supplies power to the electronic pulse-generator circuit
for the spark igniter (30,000 volts, open circuit).

+ Allows up to 35 seconds (maximum) for ignition before
system safety lockout occurs (see Table 4).

+ Senses the burner flame for safe lighting.

+ Shuts off spark after burner is lit

The S87 is powered by a 25 V transformer and activated
when the thermostat calls for heat Operation is as follows
(refer to Fig. 10).

On every call for heat (system start), the S87J and K will delay
start-up to provide a 30 second (minimum) system prepurge.
After 30 seconds, the operation is the same as all other S87
models.

When the S87 is activated by a thermostat call for heat, an
internal transformer provides power to the electronic
generator circuit for spark ignition and the safety lockout
timing begins. At the same time, the S87 opens the gas
control's main valves which allows gas to flow to the main
burner.

Power is supplied to the spark generator until:
the main burner lights and flame sensor current reaches
1.5 pA, or

+ the safety lockout timing period ends.

68-0039—-02
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If the main burner lights, a flame sensing circuit is completed
through the flame to the burner head to ground. This current
flow sets the safety lockout timer to the reset (normal)
condition and interrupts the spark ignition circuit Should the
current flow be interrupted; i.e., flame-out condition, the trial-
for-ignition begins again.

The S87 will keep the gas control main valve open as long as
there is a call for heat and current through the flame sensing
circuit If, however, the safety lockout timing period ends
before the main burner lights or the flame sensor establishes
enough current, the system will go into safety lockout

68-0039-02 10
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When the system goes into safety lockout, power to the spark
generator is interrupted, the gas control circuit is interrupted
and the alarm circuit (S87B and D only) is completed. The
system will stay locked out until it is reset by moving the
thermostat set point below room temperature, no call for
heat, for 30 seconds. Then, re-energize the system by moving
the thermostat set point 5 F [3 C] above room temperature.
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S87A,B,C,D,J K
START
THERMOSTAT
CALLS FOR HEAT
PREPURGE !
—587J,K ONLY
PREPURGE—S87J,K ONLY
COMBUSTION AIR
BLOWER STARTS.
COMBUSTION AIR CHECK
TRIAL FOR IGNITION !
POWER INTERRUPTION
ALL S87’'S
SYSTEM SHUTS OFF, RESTARTS WHEN
POWER IS RESTORED.
POWER RESTORED
S87 STARTS TRIAL-FOR-IGNITION.
SPARK GENERATOR POWERED INTO LOCKOUT AFTER
TIMING PERIOD. S87B AND D
ALARM CIRCUIT IS
MAIN VALVE OPERATORS OPEN. ACTIVATED. SYSTEM MUST
BE RESET.
IF FLAME CURRENT SENSED IF FLAME CURRENT NOT SENSED
S87 GOES INTO LOCKOUT AFTER TIMING
SPARK GENERATOR IS SHUT OFF.
LOCKOUT TIMER IS RESET. IS ACTIVATED. SYSTEM MUST BE RESET.
MAIN BURNER ,!
OPERATION
LOSS OF FLAME
S ™ [ Y.
I LOCK Ml
gﬂ;ggn!rﬂms BURNER FLAME PERIOD. S878 AND D ALARM CIRCUIT IS
. ACTIVATED. SYSTEM MUST BE RESET.
TEMPERATURE CONTROLLER
SATISFIED
POWER TO S87 IS INTERRUPTED.
VALVES CLOSE. N 11,3924
END MAIN BURNERS ARE OFF. '
Fig. 10. Normal system sequence of operation.
S ERVI C E onds before recycling for further tests.
4. Always turn off gas supply before performing igni-
tion checks.
IMP OF;TAJ’.'I' ined and . din 0SI 5. 887 control module cannot be repaired. If the trou-
- Only persons trained and experienced in 05 sys- bleshooting procedure indicates a malfunction in
tems should service this equipment. the S87, it must be replaced
2. If a condition exists that causes the S87 control 6. The follz)wing service procedures are for the S87
module to go into safety lockout, meter readings and basic DS| systems. On all installations, refer to

must be taken quickly after restart-within trial-for-
ignition period.
3. Always de-energize the system for at least 30 sec-

the appliance manufacturer's service instructions.

n 68-0039—-02
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Preliminary Check

The following checks should be made before troubleshooting
the system.

1. Check for power to the heating appliance and the S87.
Voltage to S87 should be between 20.5 and 28.5 Vac.

2. Check fuse on S87 control module and replace if blown.

3. Make certain that the manual shutoff valve in the sup-
ply line and the gas cock knob on the combination gas
control valve are open.

4. Make certain that all wiring connections are clean and
tight.

5. Make certain the S87 is not in safety lockout. De-ener-
gize the system by moving the thermostat set point
below room temperature. Wait at least 30 seconds and
re-energize the system by moving the thermostat set
point 5 F [3 CJ above room temperature. Return set
point to normal temperature setting.

6. Check ceramic insulator on flame sensor, spark igniter
or igniter/sensor. A cracked insulator will allow current
to leak to ground. Replace device if insulator is
cracked.

7. Check the flame sensor and its mounting bracket. Cor-
rect the position if bent out of shape.

8. Review the S87 normal sequence of operation. See
“Start System” on page 9.

S87 Component Checks

Spark Ignition Circuit

The step-up transformer in the S87 provides spark ignition at
30,000 volts (open circuit). To check the spark ignition circuit,
proceed as follows.

1. Shut off gas supply to the gas control.

2. Disconnect the ignition cable at the S87 stud terminal
to isolate the circuit from the spark igniter or
igniter/sensor. Prepare a short jumper lead, using
heavily insulated wire such as ignition cable.

/\ CAUTION

In the next step, DO NOT allow fingers to touch either
the stripped end of the jumper or the stud terminal.
This is a very high voltage circuit and electrical shock
can result.

3. Perform this test immediately upon energizing the sys-
tem—before the S87 goes into safety lockout and inter-
rupts the spark circuit. Touch one end of the jumper
firmly to the S87 GND terminal. (DO NOT remove the
existing ground lead.) Slowly move the other end of the
jumper wire toward the stud terminal on the S87 to
establish a spark. Pull the wire away from the stud and
note the length of gap at which spark discontinues.

68-0039-02 12
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4. A spark length of 1/8 inch [3 mm] or more indicates
satisfactory voltage output. If no arc can be estab-
lished or the maximum spark is less than 1/8 in.

[3 mm], and power to the S87 input terminals was
proved, replace the S87.

Ignition Cable

Check the electrical continuity of the ignition cable and make
certain the cable is not in contact with metal surfaces. The
total cable length should not exceed 3 ft [0.9 m]. A loose
connection to the spark igniter or igniter/sensor may not
conduct a flame signal even though spark ignition is
satisfactory. Check connections to the stud terminal on the
S87 and the boot connection to the igniter/sensor. Make
certain they are clean and tight.

Grounding Connections

A common ground is required for the burner, spark igniter or
igniter/sensor mounting bracket and the GND (burner)
terminal of the S87. If ground is poor or erratic, safety
shutdown may occur occasionally even though operation is
normal at time of checkout. Therefore, if nuisance shutdowns
have been reported, be sure to check ground connections.

Electrical ground connections at the spark igniter or
igniter/sensor and the S87 must be clean and tight. If
leadwire is damaged or deteriorated, use only No. 14 or
No. 18 gauge, moisture-resistant, thermoplastic insulated
wire with 105 C [221 F] minimum rating as replacement.

Flame Sensor Circuit

The S87 provides ac power to the igniter/sensor (on S87 A, B
and J) or the flame sensor (on S87C, D and K) which the
burner flame rectifies to direct current. If the flame signal
back to the S87 is less than 1.5 pA de, the system will lock
out.

The output of the flame sensing circuit cannot be checked
directly on the S87. Check the flame sensing circuit directly
by checking the flame sensing current from the sensor to the
S87 as follows.

1. Connect a meter (dc microammeter scale) in series
with the flame signal ground wire as shown in Fig. 11.
Use the W136A Test Meter or equivalent. Disconnect
the ground wire at the S87. Connect the red (positive)
meter lead to the tree end of the ground wire. Connect
the black (negative) meter lead to the quick-connect
ground terminal on the S87.

2. Restart the system and read the meter. The flame sen-
sor current must be at least 1.5 pA and steady. If the
reading is less than 1.5 pA or unsteady, see "Low or
Unsteady Flame Current” on page 13.

If a flame is present at sensor and a reading of 0 pA is
obtained, check tor a secondary ground connection to the
25V (GND) terminal. If secondary connection exists,
temporarily remove connection and measure flame current.
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FLAME SENSOR CURRENT CHECK=USE uA SCALE

)
—

MULTIPURPOSE METER

28

1.5 uA dc MINIMUM
BLACK (=) 9805A

ALARM
VALVE|
VALVE

GND

/%II [T1o

O

(AND STEADY)

Fig. 11. S87 flame current measurement.

Low or Unsteady Flame Current

If the current to the S87 flame circuit is less than 1.5 pA or is
unsteady-check the burner flame, flame sensor location and
electrical connections as follows.
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BURNER FLAME
The flame sensor must be constantly immersed in flame.
Check burner flame conditions as shown in Fig. 12.

FLAME SENSOR

The flame signal is best when about 1 in. [25 mm)] of flame
rod is immersed in the burner flame. A bent flame rod, bent
mounting bracket or cracked ceramic insulator can affect
flame signal. Replace flame sensor if necessary.

ELECTRICAL CONNECTIONS AND SHORTS

Connections at the flame sensor must be clean and tight. If
wiring needs replacement, use moisture-resistant No. 18
wire rated tor continuous duty up to 105 C [221 F].

Checkout After Service

Perform the following steps before leaving the job (described
in “"Checkout” on page 9):

+ “Start System" on page 9

+ “Check Safety Lockout" on page 9

+ "Reset S87 After Safety Lockout” on page 9

Also perform any other checks recommended by the heating
appliance manufacturer if system components other than the
S87 were serviced.

CHECK BURNER FLAME CONDITIONS.

‘ NOISY
LIFTING
FLAME CHECK FOR:
® HIGH GAS PRESSURE
( @ EXCESS PRIMARY AIR OR DRAFT
BURNER
WAVING CHECK FOR:

FLAME

@ POOR DRAFT
® EXCESS DRAFT
@ HIGH VELOCITY OF SECONDARY

AIR
INSTALL SHIELD IF NECESSARY.

SMALL
BLUE FLAME
CHECK FOR:
® CLOGGED PORTS OR ORIFICE
FILTER
©® WRONG SIZE ORIFICE
LAZY
YELLOW

CHECK FOR:
LACK OF AIR FROM
® DIRTY PRIMARY AIR
OPENING

FLAME

A4

® LARGE PORTS OR
ORIFICES
—_— <—1 INCH [25.4 mm]

N

(- t GOOD

RECTIFYING
T FLAME
1/ TO 1/2 INCH [6.4 TO 12.7 mm] seos

Fig. 12. Check burner flame conditions.

TROUBLESHOOTING

Start the system by setting the thermostat (temperature
controller) to call tor heat Observe the system response and
establish the type of malfunction or deviation from normal
operation by using Fig. 13.

Use Fig. 13 by following the instructions in the boxes. If the
condition is true or okay (answer is yes), go down to the next
box. It the condition is not true or not okay (answer is no), go
the box at right Continue checking and answering conditions
in each box until a problem and/or repair is explained. After
any maintenance or repair, the troubleshooting sequence
should be repeated until normal system operation is
obtained.

68-0039—-02
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START NOTE: BEFORE TROUBLESHOOTING, FAMILIARIZE YOURSELF
WITH THE START-UP AND CHECKOUT PROCEDURE.

TURN THERMOSTAT TO

CALL FOR HEAT

TURN GAS SUPPLY OFF
POWER TO S87 NO CHECK LINE VOLTAGE POWER, LOW VOLTAGE TRANSFORMER,

LIMIT CONTROLLER, THERMOSTAT AND WIRING. ALSO, AIR
(25 Vac NOMINAL) PROVING SWITCH Ol‘i PREPURGE SYSTEMS (SEE FIGS. 6 ;\ND 7).

YES

1

$87J AND K ONLY— NO
YES 30 SECOND DELAY REPLACE S87J OR K
FOR PREPURGE
YES
©® TURN OFF GAS
NO SUPPLY.
SPARK ACROSS IGNITER OR ° PULL IGNITION LEAD
IGNITER/SENSOR GAP AN CHE K PR

N
SPARK OKAY? 0 ©® CHECK FUSE—REPLACE IF NECESSARY.
' @ REPLACE S87 IF FUSE OKAY.

YES

® CHECK IGNITION CABLE, GROUND WIRING, CERAMIC INSULATOR
AND GAP, AND CORRECT.

® CHECK BOOT OF THE IGNITION CABLE FOR SIGNS OF MELTING
OR BUCKLING. TAKE PROTECTIVE ACTION TO SHIELD CABLE
AND BOOT FROM EXCESSIVE TEMPERATURES.

YES

—

NO ® CHECK FOR 25 Vac ACROSS VALVE AND VALVE TERMINALS ON

S87. IF NO VOLTAGE, REPLACE 587.
©® Q330, Q342, Q347, Q354 OR Q361 MAY BE OUT OF POSITION.

® CHECK ELECTRICAL CONNECTIONS BETWEEN S87 AND GAS
CONTROL. IF OKAY, REPLACE GAS CONTROL.

MAIN BURNER LIGHTS

I

YESl
NO a
SPARK STOPS WHEN NOTE: IF S87 GOES INTO LOCKOUT, RESET SYSTEM.
BURNERIS LIT
©® CHECK CONTINUITY OF SENSOR CABLE AND GROUND WIRE.
® CHECK THAT BURNER FLAME COVERS ALL ELECTRODES.
YES @ IF CHECKS ARE OKAY, REPLACE S87 MODULE.
NO a
SYSTEM RUNS UNTIL NOTE: IF S87 GOES INTO LOCKOUT, RESET SYSTEM.
CALL FOR HEAT ENDS
@ CHECK CONTINUITY OF SENSOR CABLE AND GROUND WIRE.
NOTE: IF GROUND IS POOR OR ERRATIC, SHUTDOWNS MAY
OCCUR OCCASIONALLY EVEN THOUGH OPERATION IS NORMAL
AT THE TIME OF CHECKOUT.
©® CHECK FOR EXCESSIVE HEAT AT SENSOR INSULATOR
YES (TEMPERATURE ABOVE 1000 F [538 C] CAUSES SHORT TO
GROUND).
® IF CHECKS ARE OKAY, REPLACE S87 MODULE.
NO
CALL FOR HEAT ENDS: ® CHECK FOR PROPER TEMPERATURE CONTROLLER OPERATION.
SYSTEM SHUTS OFF ® REMOVE VALVE LEAD AT S87; IF VALVE CLOSES, RECHECK
TEMPERATURE CONTROLLER AND WIRING; IF NOT, REPLACE GAS
CONTROL.
YES
TROUBLESHOOTING ENDS REPEAT PROCEDURE UNTIL TROUBLEFREE OPERATION IS OBTAINED.
3FOR S87B AND D ONLY. ON A LOCKOUT AN OPTIONAL ALARM CIRCUIT IS 11,3914

COMPLETED TO VISUALLY AND/OR AUDIBLY TELL YOU OF SYSTEM SHUTDOWN.

Fig. 13. S87 direct spark ignition system.

68-0039-02 14
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S87 Schematic Diagrams

EYAN

¥ |
ng_r ON.OFF w2
( ' ! Swite LIMIT CONTROLLER H

]

e e e o o e 4 o R *. -—— r_._.__.___.___..___..___l

MAA 25 v
TRANSFORMER

e N Kot
< THERMOSTAT - L_-j— P~
s OR CONTROLLER e v

STUD 47
TERMINAL  oNITER, y
SENSOR

——--)4-————?-— GND
|

P] SPARK BURNER L
DRIVE GROUND =

»l circur
TIMER AND ;LMAEAREAND
FLAME RELAY DETECTOR
CIRCUIT
K
1 —il
K- 1 VALVE VALVE
A FUSE 1K1

V845, VR845 OR VR8450

A POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
INTERNAL WIRING DUAL VALVE GAS CONTROL

PROTECTION AS REQUIRED.
A ALTERNATE LIMIT CONTROLLER LOCATION. — — —EXTERNAL WIRING
98208

A 3 A REPLACEABLE FUSE.

Fig. 14. S87A simplified system schematic.

tA At

Ll ON-OFF
HOT) L2
- SwireH LIMIT CONTROLLER :
]
[Ny DS I, ——- ——— e = o e e e
i

r--ﬂ-wé

THERMOSTAT - ’l'__ k== e
25V OR CONTROLLER v
- (GND)

STUD
Q347
TERMINAL | CNiTer
SENSOR
__--"u————r— GND
—_—— |
1 sPark BURNER —L_
DRIVE GROUND =
CIRCUIT
>
TIMER AND TIMER AND
FLAME RELAY DETECTOR
CIRCUIT
K
ALARM

(IF USED)
\H\ ALARM} — A\~ — — — — — {VALVE
A FUSE 1K1

VALVE} —— ¢ A ) g ——— .

POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
PROTECTION AS REQUIRED.

A ALTERNATE LIMIT CONTROLLER LOCATION.
A 3 A REPLACEABLE FUSE.

INTERNAL WIRING ANY DUAL VALVE
GAS CONTROL

— — —EXTERNAL WIRING
98168

Fig. 15. 587B simplified system schematic.
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LYAN At

1
NLOIT ON-OFF 2
Hom SwireH LIMIT CONTROLLER ;
1
Y V" I ——— r_.______.___..____._._l
25V
TRANSFORMER
pommA
—_— ——_—————_—_——— 4+ *_._. —_— e e e e -
25 bead 25 Vac
. ) THERMOSTAT {aND)
OR CONTROLLER

SENSOR

- > €T

—_— _' Q354
|
Q347 |
IGNITER
e
1

4 SPARK STUD TERMINAL BURNER
DRIVE GROUND =
> CIRCUIT
TIMER AND ;LMAiIREAND
FLAME RELAY BETECTOR
CIRCUIT

1 A}
L Lo 1 VALVE VALVE

A FUSE LA

V845, VR845 OR VR8450

POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
PROTECTION AS REQUIRED. INTERNAL WIRING DUAL VALVE GAS CONTROL
— — —EXTERNAL WIRING
A ALTERNATE LIMIT CONTROLLER LOCATION.
98198

/A\ 3 A REPLACEABLE FUSE.

Fig. 16. S87C simplified system schematic.
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A

X 1
o ON-OFF L
(e SwiTcH LIMIT CONTROLLER ;
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WAL 25 v
[y TRANSFORMER
—— e ] P e e e - ———— e e e e e e ——— — —— — — —— — ———
THERMOSTAT
25 OR CONTROLLER 25 Vad
Vac (GND),
AAA Al AAAA
Pttt Q3se
e SENSOR
N - P& ="
I
Q347 |
l : : IGNITER |
STUD !
SPARK Y | BURNER —L
DRIVE TERMINAL GROUND =
CIRCUIT
TIMER AND
TIMER AND
FLAME RELAY P CToR
CIRCUIT
K
ALARM
(IF USED)
N A ARMe e A ————
L N ALARM- — — A\~ VALVE
& FUSE 1K1
|
—} VALVE}- —— ¢ Ay~ ¢—— — =1
POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD  1K2 I ]
PROTECTION AS REQUIRED. LA,-
A ANY DUAL VALVE
ALTERNATE LIMIT CONTROLLER LOCATION.
/A\ 3 A REPLACEABLE FUSE INTERNAL WIRING GRS coNTROL
- — — —EXTERNAL WIRING R

Fig. 17. S87D simplified system schematic.
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tA At
(Ll-llOT) ON-OFF LMt V

SWITCH CONTROLLER
A, 115, <,/o_.,________ﬂ
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|

- — - - ——— ————
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L1 ! [}
oy 2 COMBUSTION AIR | 1

[} BLOWER MOTOR 1

| ——— o o o o ]
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\ Pt RELAY ! ! |

| coiL | : |
CONTACT ]

- - ————— - - o

v 4 : |
F=———Ar———n 1 I

AIR 1 AIR BLOWER | THERMOSTAT VAAAS

PROVING | AN 25 v
SWITCH ! RELAY cOlL | ORCONIROLLER ~~~~ TRANSFORMER
==l

-t O

I
] !
25v Sy - 25 Vac
@ &ne)

STUD Q347
TERMINAL  |GNITER

SENSOR
b t-———— GND
|

SPARK BURNER =L~
DRIVE GROUND —
CIRCUIT
TIMER AND FLAME D
FLAME RELAY DETECTOR
CIRCUIT
1K
PURGE
 e— TIMER VALVE
/\ Fuse
1
1
11
1 VALVE} —— ¢ A f o —— — =3

ANY DUAL VALVE
GAS CONTROL

A POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
PROTECTION AS REQUIRED.

A ALTERNATE LIMIT CONTROLLER LOCATION.

INTERNAL WIRING
= — —EXTERNAL WIRING 11,396 A

& 3 A REPLACEABLE FUSE.

Fig. 18. S87J simplified system schematic.
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POWER SUPPLY. PROVIDE DISCONNECT MEANS AND OVERLOAD
PROTECTION AS REQUIRED.

A ALTERNATE LIMIT CONTROLLER LOCATION.
A 3 A REPLACEABLE FUSE.

|
|
LJ\,_'

-
ANY DUAL VALVE

Fig. 19. S87K simplified system schematic.

REPLACING S825 WITH S87

A\ WARNING

The replacement S87 must have the same lockout
timing as the old control to avoid possible explosion
and fire hazard.

/\ CAUTION

Disconnect power to prevent electrical shock or
equipment damage.
1. Choose the replacement S87. The replacement must
have the same lockout timing as the old control.

68-0039-02 18

GAS CONTROL
INTERNAL WIRING R
— = —EXTERNAL WIRING 11,3954

To Replace Use
S825A S87CorD
S825B S87D
S825C S87CorD
S825D S87D

Disconnect the ignition cable and the sensor wire from
the S825.

Disconnect the leads from the quick-connect terminals
on the $825, marking each lead with the $825 terminal
name as you remove it.

Remove the set aside the S825 module.

Mount the S87 in the same location as the S825. Use
No. 6-32 machine screws or No. 8 sheet metal screws
1 inch long. Fasten securely.
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6. Check the wires and ignition cable. Replace any wires
that appear cracked or damaged.

7. Make sure the system is firmly grounded to the burner.
A screw is provided on most burners to simplify
grounding. If you are uncertain of the existing ground,
simply run a wire from the GND (BURNER) terminal on
the S87 to the burner ground screw and attach it firmly.
More than one ground will not hurt. Earth ground is not
required with S87.

8. Connect the ignition cable and the sensor wire to the
S8r7.

9. Wire the S87 using the appropriate cross reference
chart below. The gas control and the thermostat must
be powered from the same transformer when the S87 is
used. Some S825 systems had two transformers; in
this type of system, rewire to use only one transformer
with minimum 40 VA load rating.

Conversion from S825A to S87C,D

S87AB,CD,JK

Lead from S825D Terminal | Connect to S87D Terminal
4 ALARM
3 VALVE (lower)
GRD/T22 25V (GND)
T1 or24V-T1 25V

@ Some S825 models have a terminal labeled GND and one
labeled T2. On these models, connect T2 and GND from
S825 to 25 V (GND) and GND (BURNER), respectively, on
S87.

Conversion from S825D with Two
Transformers and Two Gas Controls to S87D

1. Disconnect gas controls and alarm relay (if used) from
transformer.

2. Connect alarm relay and temperature controls to one
transformer with minimum 40 VA load rating. Remove

Lead from S825A Terminal |Connect to S87C,D Terminal® other transformer.
3. Connect gas control transformer lead to upper S87D
5 VALVE (upper) terminal labeled VALVE.
3 VALVE (lower) 4. Remove and discard lead that was connected to S825
terminal 5.
T2 25V (GND) 5. Make remaining wiring changes:
24 V-T1 25V
GND GND (BURNER) Lead from S825D Terminal | Connect to S87D Terminal
@The ALARM terminal on S87D is not used in this applica- 4 ALARM
tion. 3 VALVE (lower)
Conversion from S825B to S87D GRD/T2° 25V (GND)
T1or24V-T1 25V
- —
Lead from S825C Terminal | Connect to S87C,D Terminal @ Some S825 models have a terminal labeled GND and one
VALVE-5 VALVE (upper) labeled T2. On these models, connect T2 and GND from
VALVE-3 VALVE (lower) $825 to 25 V (GND) and GND (BURNER), respectively, on
S87.
GRD/T22P 25V (GND)
T1 or 24 V-T1b 25V Conversion from S825D with Dual Valve Gas

2 Some S825C models have a terminal labeled GND and one
labeled T2. On these models, connect T2 and GND from
$825 to 25 V (GND) and GND (BURNER), respectively, on
S87.

bif a second gas valve is connected between GRD/T2 and 24
V-T1, move the 24 V-T1 lead to VALVE (upper) and the
GRD/T2 lead to VALVE (lower). The two valves will now be
connected in parallel.

¢ The ALARM terminal on S87D is not used in this applica-
tion.

Conversion from S825D with Single Valve and
One Transformer to S87D

1. Disconnect gas control from transformer and connect
to upper S87 terminal labeled VALVE. Make sure other
controls are still connected to transformer.

2. Remove and discard lead that was connected to S825
terminal 5.

3. Make remaining wiring changes:

Control and Single Transformer to S87D

1. Disconnect gas control TH lead from transformer and
connect to upper VALVE terminal on S87D. Make sure
other controls are still connected to transformer.

2. Remove and discard lead that was connected to S825

terminal 5.

3. Make remaining wiring connections:

Lead from S825D Terminal

Connect to S87D Terminal

4 ALARM
3 VALVE (lower)
GRD/T22 25V (GND)
T1 or 24 V-T1 25V

3 Some S825 models have a terminal labeled GND and one
labeled T2. On these models, connect T2 and GND from
S825 to 25 V (GND) and GND (BURNER), respectively, on
S87.

68-0039—-02



A® UsSyn 100 wWaswua 31aa

D D Add Furnace Co.,Ltd.

S87AB,C.D,JK

Conversion from S825D in Two-stage Burner
System with Two Gas Valves to S87D

1. Disconnect transformer powering gas controls and
$825D. Make sure remaining transformer has at least
40 VA load rating.

2. Remove and discard lead that was connected to S825
terminal 5.

3. Connect lead that was between second gas control and
transformer to upper VALVE terminal on S87.

4. Make remaining wiring connections:
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Lead from S825D Terminal

Connect to S87D Terminal

4 ALARM
3 VALVE (lower)
GRD/T2? 25V (GND)
T1or 24 V-T1 25V

@ Some S825 models have a terminal labeled GND and one
labeled T2. On these models, connect T2 and GND from
$825 to 25 V (GND) and GND (BURNER), respectively, on

S87.
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