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TO: Owners, Operators or Maintenance Personnel

This operating manual presents information that will help to properly operate and care for the aquipment.
Study its contents carefully. The unit will provide good service and continued operation if proper operating
and maintenance instructions are followed. No attempt should be made to operate the unit until the
principles of operation and all of the components are thoroughly understood, :

Cleaver.Brooks equipment is designed and engineered to give iong lifa and excallent sarvice on the job.
The electricai and mechanical .devices suppiied as part of the unit were chosen because of their known
abiiity to perform: however, proper operating techniques and maintenance procedures must be foliowed at

all times. Although these components afford a high degree of protection and safety, operation of

equipment is not to be considered-free from all dangers and hazards inherant in handling and firing of fual.

Any “aulomatic™ features included in the design do not relieve the attendant of any responsibiiity.

Such features merely free him of certain repetitive chores and give him more time to davote to the proper
upkeep of equipment.

It is solely the operator's responsibility to properly operate and maintain the equi'pmant No amount of
written: instructions can replace intelligent thinking and reasoning and this manual is not intanded to
relieve the operating personnel of the responsibility for proper operation.

Because of stale, local or other applicable codes there are a variety of alectrical controls and safety daevices
which vary considerably from one installation to another. This manual contains information designed to
show how a basic boiler operalas

Operating controls will normally function for long beriods of time and we have found tha! some operators
become fax in their daily or monthly testing assuming that normat oparation will continue indefinitely.
Malfunctions of controls leads to uneconomical operation and damage and in most cases these conditions
can be traced d:recny to caralessness and daﬁc:anc:es in testmg and mamtenance.

It is recommanded that a boner room log or racord be maintained. Racording of dally. weeakly, monthly -",:)
and yearly maintenancs activities and racarding of any unusual operation will serve as a valuable \
guide to any necessary investigation. - . B

Most instances of major boiler damage are the rasuit of operation with fow water. We cannot

emphasize too strongly the need for the operator to pariodically chack his low water controls and to

follow good maintenance and tasting prac!ices Cross connecting piping to low water devices must be
internally inspected penodncally to guard against any stoppages which could obstruct the fres flow of
water to the low water devices. Float bowls of these controls must be inspacted frequantly 1o check

far the presance of foreign substances that would impede the float bal! movament,

The waterside condition of the pressure vessel is of extreme importance. Watersnde surfaces should be
inspected frequently to check for the presence of any mud, siudge, scale or corrosion.

It is customary to engage the services of a qualified water treating company or a water consultant to
recommend the proper boiler water treating practices.

The operation of this equipment by the owner and his operating parsonnel must comply with all
requirements or regulations of his insurance company and/or any other authority having jurisdiction.

These legal requirements take precedence over anything contamed herein.

-~
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FRONY BAFFLE

COMBUSTION AIR
INLET

PASS FOUR

PASS THREE

AIR PUMP
BURNER
ASSEMBLY

. PASS TWO

ROTARY:AIR L
DAMPER COMBUSTION CHAMBER
- (PASS ONE)

THE FOUR FPASS CONSTRUCTION OF A TYFICAL CE BOILER

Combustion air enters through the air inlet. The forced draft fan forces air
through the rotary air damper and the diffuser into the combustion chamber. The
main fire tube or combustion chamber, constitutes pass one. Baffling allows gases
to pass to the front of the boiler only through pass two; here a baffle allows
gases to pass to the rear of the boiler only through pass three. From the rear
the gases are forced through pass four to the vent.
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CHAPTER 1

GENERAL DESCRIPTION
_AND PRINCIPLES OF OPERATION

. THE BOILER

COMBUSTION AIR
- AUTOMATIC IGNITION
. ATOMIZING AR

PTOZErX&-XOMMONB>

. GAS FUEL FLOW
MODULATING FIRING

The general information in this manual applies

directly to Cleaver-Brocks “CB'" Boiler Models in™ -

sizes ranging from 400.thru 800 boiler horsepower
for the following fuels:

SERIES 100 LIGHT OIL (NO. 2) ‘
SERIES 200 LIGHT OIL (NO. 2) OR GAS
SERIES 400 HEAVY OIL (NQO. 6) OR GAS
SERIES 600 HEAVY OIL (NO. 6) ONLY
SERIES -760 GAS ONLY

NOTE: Ajthough the Series 400 or 600 burner is
designed and designated to burn No. § oil
the burner will handle grades 4 and 5
equally weil with some possible modifi-
cations. While this manual contains perti-
nent information on No. 6 fuel oil, all
references to this fuel should be con-
sidered applicable to all grades of heavy
oil.
The boiler and related equipment installation, by
others, is to be in compliance with the standards of
the National Board of Fire Underwriters. installa-
tion'should also conform to state and local codes
governing such equipment. Prior to installation,
the proper authorities having jurisdiction are to be
consulted, permits obtained, etc. All boilers in the
above series comply, when equipped with optional
equipment, to Factory Insurance Association
(F.I.A)), Factory Mutual (FM) or other msurmg
underwriters reqmrements

T T ST S e T S A R TR S T T - T TR T R T e

. Oll. FUEL FLOW _.- LIGHT OLL
. OIL FUEL FLOW — HEAVY OiL

THE BURNER AND CONTROL SYSTEM

. CONTROL AND COMPONENT FUNCTION

. CONTROLS COMMON TO ALL BOILERS

STEAM CONTROLS (ALL FUELS) -

HOT WATER CONTROLS (ALL FUELS)

. CONTROLS FOR GAS FIRING (INCLUDING counnuﬂom
. CONTROLS FOR OiL FIRED BOILERS

CONTROLS FOR HEAVY DIL

CONTROLS FOR COMBINATION BURNERS

A. THE BOILER

“The “CB" Boiler is a packaged firetube boilcr'c’

welded steel construction and connsists of a pra.
sure vessel, burner, burner controls, forced draft
fan, damper, air pump, refractory and appropriate
boiler trim. )

Rated Capaﬁty ............... 400 thru 800 HP

Operating Pressure:
Steam 15-150 peig, or higher if -specified
Hot Water 30-150 peig? omhigher if specified
Fuel ..... S 0il or Gas or Combination
Ignition . ... ...... ... iiiieiness Automatic
Firing Full modulation through operating ranges
Burner (Oil)....... Ajr atomizing (low pressure)
Burner {(Gas}.......... Non-premix orificed type
Fizsme Safeguard and Program Control:
Standardly equipped boilers............ CB-20
Factory Insurance Associstion (F.L.A.)
(optional equipment)............000- CB-4(
or as approved by F.IA.

Factory Mutua! (FM) )
{optional equipment).................
or as approved by FM. '

Air Damper: Rotary Type (electrically modulated)

Steari. Trim........ooo.0iiuens +...ASME Codr
Water Trim . .......,.c.ccuvuieannn. ASME Cod "™
.:“ 1-1
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Chapter 1—General Description and Principles of Operation

The horsepower rating of the boiler is indicated by
the numbers following the fuel series. Thaus,
CB700-600 indicates a gas fired 600 HP boiler,

B. THE BURNER AND CONTROL
SYSTEM

The oil burner is of the low pressure, air atomizing
(nozzle} type. The gas burner is of the non-premix
orifice type. The burners are ignited by spark
ignited gas pilot. The pilot is of the interrupted
type and is extinguished after main "flame is
established:

NOTE: A series 100 boiler is usually equipped
with a light oil pilot although a gas pilot is
freguently used. ’

The burners equipped to burn oil and gas include

equipment for each distinct fuel. Since the burner

uses only one type of fuel at a time, a gas/oil selec-
tor switch is incorporated in a combination burner.

It is important that the burner model and serial
number, shown on the nameplate, be included in
any correspondence or parts order.

Regardless of which fuel is used, the burner oper-
ates with full modulation (within its rated cpera-
ting range) through potentiometer-type positioning
controls, and the burner returns to minimum firing
position for ignition. High pressure ‘boilers {above
15 psi) can be wired for both low pressure and high
pressure modulation as optional equipment, This
enables the boiler to operate at lower pressure dur-
ing off-load hours, but at a somewhat reduced
steam output dependent upon lower steam
pressure and steam nozzle sizing.

The flame safeguard and programming control in-
cludes an infra-red sensitive flame detector to
supervise both oil and gas flames and to shut the
burner down in the event of loss of flame signal,
The programming portion of the control provides a
pre-purging period, proving of the pilot and main
flame, and a period of continued blower operation
to purge boiler of all unburned fuel vapor. Other
safety controls shut down the burner under low
water conditions, excess steam pressure, or water
temperature.

Safety interlock controls include combustion and
atomizing air proving switches and, depending
upon the fuel and insurance carrier requirements,
controls that prove the presence of adequate fuel
pressure plus temperature proving controls when
heated fuel oil is used.

The sequence of burner operation from start-up
thru shut-down is governed by the programming
contral in conjunction with the operating, limit
and interlock deévices which are wired into the cir-
cuitry to provide safe operation and protect
against incorrect operating technigues.

All “CB" boilers have the burner assembly at-
tached to the front head. The entire head may be
swung open for inspection and maintenance,

Combustion air is provided by a centrifugal blower -
located in the front head. Combustion air delivery
to the burner is under the control of the damper
motor. This same motor regulates the flow of gas
fuel through a linkage system connected to the gas
butterfly valve and the flow of oil through a cam
operated metering.valve. Fuel input and air are
thus properly proportioned for most efficient com-
bustion.

Filtered primary air for atomizing fuel oil is fur-
nished independently of combustion air by an air

The burner control circuit operates on 115 volt,
single phase 60 hertz (or 50 hertz when equipped)
alternating current. The forced draft fan motor is
generally operated on 3 phase service at the avail-
able main power supply voltage.

Indicator lights signaling load demand, fuel valve,
low water, and flame failure conditions are stan-
dard equipment.

In addition to the standard basic controls sup-
plied, other devices may be required to meet speci-
fic requirements of an insurance carrier or local
code. Refer to the wiring diagram furnished with
the burner to determine the specific controls in the

burner and limit control circuits. The function of

individual components is outlined in this chapter
and the electrical sequence is covered in Chapter 3.

C. CONTROL AND COMPONENT
~ FUNCTION
The term “control’’ covers the more important

valves and components, including but not limited
to electrical controls or those monitored by the

-programming control. The operator must become

familiar with the individual functioning of all con-
trols whether or not outlined before he can un-
derstand the boiler’s operation, end procedures
outlined in the manual,

Identify and locate each item using the figure call-
out, :

The actual controls furnished with any given boiler
will depend upon the type of fuel for which it is
equipped and whether it is a hot water or steam
boiler. Refer to the applicable group or gIoups
listed below which apply to the particular Boiler.

Boilers having optionally ordered features may
have control components not listed here.

D. Controls commeon to all boilers
E. Steam controls (all fuels)

F. Hot water controls {all fuels)
G. Controls fo. gas firing
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Chapter 1—General Description and Principles of Operation

OPERATING PRESSURE,
HIGH LIMIT PRESSURE

AND MODULATING _
PRESSURE CONTROLS

“ STEAM PRESSURE
GAUGE

FORCED DRAFT -l
FAN MOTOR

FUEL OIL LN
CONTROLLER '

FLAME DETECTOR

AIR PRESSURE
GAUGE

FLEXIBLE
OIL LINE

. FLEXIBLE
AIR LINE

MODULATING
MOTOR

O1L. SOLENOID
VALVES

BACK PRESSURE [Tl
|GNITION ORIFICE 4

© TRANSFORMER 0IL
SUPPLY LINE

TEST VALVE

COMBUSTION AIR

“PROVING SWITCH -, {\'.\‘

Y CONTROL"PA' ¥

arcecmeril B

£ ATOMIZING AlR 199

E PROVING SWITCH 7
=

NOZZLE

LOW WATER CUT-OFF -
AND PUMP CONTROL

WATER COLUMN

y,

4 «

SAFETY VALVES

1

gl

-

WATER GLASS
DRAIN VALVE

L DRAIN VALVE

AIR PUMP
MODULE

OtL SUPPLY J)
PRESSURE GAUGE
OiL STRAINER '
OIL RETURN LINE

OIL PIPING '

TERMINAL BLOCK
OIL RELIEF VALVE .

FIGURE i-1 TYPICAL STEAM BOILER - LIGHT OIL FIRED

H. Controls for oil firing
J. Additional controls for heavy oil
K. 0Oil and gas burner

D. CONTROLS COMMON TO
ALL BOILERS

(1) Forced Draft Fan Motor (figure 1-1): Drives
forced draft fan directly to provide combustion alr.
Also referred to as a blower motor.

{2) Forced Draft Fan Motor Starter (figure 1-7):
Energizes forced draft fan (blower) motor.

(3) Forced Draft Fan (figure 1-10): Furnishes all
air, under pressure, for combustion of pilot fuel
and main fuel and for purging.

{4) Ignition Transformer (figure 1-1): Provide's
high voltage spark for ignition of gas pilot or hght
oil pilot.

{5) Modulatmg Motor {figure 1-1): Operates the
rotary air damper and fuel valves through a cam
and linkage system to provide proper air-fuel ra-
tions under all boiler load conditions.

(6) Low Fire Switch (figure 5-7): An internal

auxiliary switch, cam actuated by the motor shaft,
which must be closed to indicate that the air dam-
per and fuel metering valve are in the low fire posi-
tion before an ignition cycle can occur,

A manuallv

'

{7} Burner Switch (figure 1-7):
operated start-stop switch for directly starting
stopping operatxon of burner.
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WATER WATER WATER
PRESSURE RELIEF TEMPERATLRE
GAUGE VALVES GAUGE OPERATING,
OIL HEATING . TEMPERATURE,
LOW WATER HOT WATER AND MODULATING
CUTOFF SHUTOFF VALVES CONTROLS
INLET OU}LET
LOW OIL 1 ion N
TEMPERATURE
SWITCH ~
=
. ELECTRICAL
ENTRANCE BOX é @
 OIL HEATER \ 1
THERMOSTAT ﬁ \ 1
{ELECTRIC) i <
OIL HEATER HOT WATER OIL RELIEF AR PUMP
(ELECTRIC) THERMOSTAT VALVE MODULE
OIL STRAINER”” OIL SUPPLY - HOTWATER - BOOSTER HOT WATER
i PRESSURE OIL HEATER WATER OIL HEATER
GAUGE 8YPASS VALVE PUMP CoiL
NOTE: FOR STEAM COMPONENTS
REFER TQ FIGURE {-7.

FIGURE 1-2. TYPICAL HOT WATER BOILER

(8) Manual-Automatic Switch (figure 1-7): When
set at “automatic’, subsequent operation is at the
cominand of the modulating control which governs
the position of the modulating motor jn accordance
with load demand. When set at “manual” the
modulating motor, through the manual flame con.
trol, can be positioned at a desired burner firing
rate. The primary purpose of the manual position
18 for testing and setting the air-fuel ratio through
the entire firing range.

(8) Manual Flame Control (figure 1-7): A man.
ually operated potentiometer that permits the
positioning of the modulating motor to a desired
burner firing rate when the manual-automatic
switch is set on manual, It is ysed primarily for
initial or subsequent setting of fuel input through.-
out the firing range. It has no control over the
firing rate when the manual-automatic switch is
set on “automatic’’.

(10) Modulating Motor Transformer {figure 1-7):
Reduces control circuit voltage {115VAC) to re-

_Juired voltage (24VAC) for operation of the modu.
ating motor, _

1-4

(11) Indicator Lights (figure 1-7): Provide visual
information on operation of boiler as follows:
Flame Failure
Load Demand
Fuel Valve (valve open)

Low Water, _
(12) Programming and Flame Safe Guard Control:

Automatically programs each starting, operating
and shutdown period in conjunction with
operating, limit, and interlock devices. This in-
cludes, in a timed and proper sequence, the
operation of the blower motor, ignition system, fuel
valve(s) and the damper motor. The sequence in-
cludes air purge periods prior to ignition and upon
‘burner shutdown.

The flame detector portion of this control monitors
both oil and gas flames and provides protection in
the event of loss of a flame signal,

The control re-cycles automatically during normal
operation, or following a power idterruption. It
must be manually reset following a safety shut-
down caused by a loss of flame. Incorporated is an

interm_:l checking circuit, effective on every start,
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that will prevent burner operation in the event
anything causes the flame relay to hold in during
this period.

This control contains the following major integral
components that are referred to in the operating
sequence text (See figure 1-7).

12a) Master Relay {1K): Energized when all the

limit and operating controls and lock-out

switches are closed to start program sequenc-
ing and to energize the forced draft fan motor
starter,

12b) Flame Relay (2K): Energized when the flame
detector senses a suitable burner flame. When
de-energized by a loss of flame it routes con-
trol circuit through the safety switch.

12¢) Lockout Switch (LS): Trips in the event of
failure to ignite the pilot or main bumer
flame, or on loss of flame. Additionally, on a
CB-40 control, lock-out will occur upon the
opening of inter-locks or a flame simulating
condition during the programmer s checking
period. A short cooling period is required be-
fore it can be reset. CAUTION. The reason
for any lockout should be investigated and
corrected before attempting to re-start.

12d) Timer: Actuates cams to open and close .

switching contacts in a non-adjustable timed
program to sequence the burner’s operation
through a!l the functions necessary to operate
the burner. _

12e) Timer Position Dial: Indicates the position of
the timer and the stage reached in burner
operating cycle.

(13) Flame Detector: {figure 1-1): Monitors gas or
oil pilot and energizes the programmer’s flame re-
lay in respom.e to a flame signal. It continues to
monitor main flame (oil or gas) after expiration of
pilot proving period. A standardly equipped boiler
has a lead sulfide (infrared sensitive) detector.

(14) Combustion Air Proving Switch (figure 1-1): A
pressure sensitive switch actuated by sir pressure
from the forced draft fan. Its contacts ciose to
prove presence of combustion air. The fuel valves
can not be energized unless this switch is satisfied.

(15) Alarm (not shown): Sounds to notify the
operator of a condition requiring attention. The
alarm is available as optional equipment.

(16) Stack  Thermometer (figure 1.1): Indicates

temperature of vented flue gases.

(17) Diffuser (figure 1- 4 and 1-10): This is a cir-
cular plate located at the furnace end of the burner

drawer to impart a rotary swirling motion tocom-
bustion air immediately prior fo its entering the
flame, thus providing a thorough and efficient mix-
ture with the fuel. -

(18) Rotary Air Damper (figure 1-4 and 1-10)
This damper provides accurate control of com-
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bustion air in proportion to fuel input for various

load demands. It consists of two conc¢entric cylin-

ders with openings. The outer is stationary. The ir-
ner is rotated, under control of the modulat/ !
motor, to vary the effective size of the openil F)
where they overlap.

E. STEAM CONTROLS (ALL FUELS)

{1} Steam Pressure Gauge (figure 1-1): Indicates
boiler’s internal pressure.

{2) Operating Limit Pressure Control {figure 1-1):
Breaks a circuit to stop burner operation on a rise
of boiler pressure above a selected setting. It is ad-
justed to stop or start the burner at a preselected
pressure setting,

(3) High Limit Pressure Contral ({figure 1-1):
Breaks a circuit to stop burner operation on a rise
of pressure above a selected setting. It is adjusted
to stop the burner at a preselected pressure above
the operating limit control setting. This comtrol is
normally equipped with a manual reset.

(4) Modulating Pressure Control {figure 1-1): Sen-
ses changing boiler pressures and transmits this
information to the modulating motor to change the
burner's firing rate when the manual-automatic
switch is set on automatic.

(5) Low Water. Cutoff and Pump Control (figure
1-1): This float-operated control respends to the
water level in the boiler. It performs two distinct
functions: .

(a) Stops firing of the burner if water level lowi )
below the safe operating point and energizes the
low water light in the control panel; also causes
low water alarm bell {optional equipment) to ring.
Code requirements for some models reguire a
manual reset type of low water cutoff. This type
requires manual resetting to start the burner after
a low water shutdown.

(b} Starts and stops the feedwater pump (if used)
to. maintain water at the proper operating level.

NOTE: Determine that control is plumb after ship-
ment and installation and throughout
operating life.

{6) Auxiliary Low Water Cutoff (not shown) (op-
tional equipment), This float-operated control
breaks the circuit to stop burner operation in the
event boiler water drops below the master low
water cutoff point. Manual reset type (optional
equipment) requires manual resetting in order to
start the burner after a low water condition.

CAUTION |

See comment after paragraph 5.

(7) Low Water Pump Control Instruction Plate
{figure 7-1): Gives instructions and information ”
operation of low water devices.
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(8) Water Column (figure 1-1): This assembly
houses the low water cutoff and pump control and
includes the water gage glass, gage glass shutoff
cocks, and trycocks.

(9) Water Column Drain Valve (figure 1-1): The
water column drain valve is provided so that the
water column and its piping can be flushed regu-
larly to assist in maintaining cross-connecting pip-
ing and float bowl clean and free of sediment. A
similar drain valve is furnished with auxiliary low
water cutoff (opticnal equipment) for same pur-
pose. '

(10) Water Gage Glass Drain Valve (figure 1-1):
This valve is provided to flush the gage glass.

{11) Test. Valve (figure 1-1): This valve allows the -

boiler to be vented during filling, and facilitates
routine boiler inspection.

(12) Safety Valve(s) (figure 1-1): Safety valves re-
lieve the boiler of pressure higher than the design
pressure or a lower pressure, if designated, Safety

valves and their escape piping shown in figure 1.9+
are to be installed to conform to the ASME code

requirements. ’

Only the safety valves’ manufacturer’s
representative should adjust or repair
the boiler safety palves,

F. HOT WATER CONTROLS
(ALL FUELS)

(1) Water Temperature Gauge (figure 1-2): Indi.

cates the boiler’s internal water temperature.

(2) Water Pressure Gauge (figure 1-2): Indicates
the boiler’s internal water pressure.

(3) Operating Limit Temperature Control (figure
1-2): Breaks a circuit to stop burner operation on a
rise of boiler temperature above a selected setting.
It is adjusted to stop or start the burner at a prese-
lected operating temperature,

{4) ﬁigh Limit Temperature Control {figure 1-2):

- Breaks a circuit to stop burner operation on a rise

of temperature above a selected seiting. It is ad-
justed to stop burner at a preselected temperature
above the operating temperature control setting.
The high limit temperature control normally is
equipped with a. manual reset. -

(5) Modulating Temperature Control (figure 1-2):
Senses changing boiler temperature and transmits

- this information to the modulating motor to

change the burner’s firing rate. when the manual-
automatic switch is set on automatic,

(6) Low Water Cutoff (figure 1-2): Breaks the cir-
cuit to stop burner operation if water level in
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boiler drops below safe operating point, activating
low water light and optional alarm bell if burner ia
80 equipped. .

(7) Auxiliary Low Water Cutoff {optional), (neot
shown}: Breaks the circuit to stop burner operation
if the water level in boiler drops below the master
low water cutoff peint.

" (8) Relief Valve(s) (figure 1-2): Relief Valve(s) re-

lieve the boiler of pressure higher than the design
pressure or a lower pressure, if designated, Relief
valves and their discharge piping are to be in-
stalled to conform to ASME code requirements.

Only the relief valves’ manufacturer’s
representative should adjust or repair
the boiler relief vaives.

G. CONTROLS FOR GAS FIRING

Depending upon the requirements of the insurance
carrier or other governing agencies, the gas flow
control system, or gas train, may consist of some,
or all, of the following items. Refer to your boiler
to determiné those that are applicable. A typical
gas train is shown in figure 1-3.

(1) Gas Pilot Valve: A solenoid valve that opens
during the ignition period to admit fuel to the
pilot. It closes after main flame is established. The
sequence of energizing and de-energizing is con-
trolled by the programming relay. A second gas
pilot valve may be required by insurance
regulations.

(2) Gas Pilot Vent Valve: When a second gas pilot
valve is required, a normally open vent valve is in-
stalled betweer them. Its purpose is to vent gas to
the atmosphere, should any be present in the pilot
line when the pilot valves are closed. The valve
closes when the pilot valves are energized.

(3) Gas Pilot Shut-off Cock: For manually opening
or cloging the gas supply to gas pilot valve,

(4) Gas Pilot Adjusting Cock: Provided to regulate
the size of the gas pilot flame. (Figure 5-14.)

(5) Gas Pilot Aspirator: Improves flow of gas to
the pilet. (Figure 5-14.) .

{6) Gas Pressure Gage: Indicates gas pressure to
pilot.

{7) Gas Pressure Regulating Valve: Reduces in-
coming gas pressure to suit the pilot’s requirement
of between 5 to 10'* W.C.

(8) Butterfly Gas Valve: The pivoted disc in this
valve iz actuated by connecting linkage from the
gas modulating cam to regulate the rate of gas flow
to the burner,
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(9) Gas Modulating Cam: An assembly, consisting
of a quadrant, a series of adjustable allen-head
screws and a contour spring, provided for ad-
justment of gas input at any point in the modu-
lating range. (Figure 5-1.) )
(10) Main Gas Cock: For manually opening and
closing the main fuei gas supply downstream of the
main gas line pressure regulator. A second shut.off
cock, downstream of the main gas valve(s), may be
installed to provide a means of shutting off the gas
line whenever a test is made for leakage across the
main gas valve,

(11) Main Gas Valves: Electrically actuated shut.

valves that open simuitaneously to admit gas to
the burner. The downstream valve is equipped
with a “proof of closure®’ switch that is connected
into the pre-ignition interlock circuis,

{12) Main Gas Vent Valve: A normally open sole-
noid valve installed between the two main gas
valves to vent gas to the atmosphere should any be
present in the main gas line when the gas valves
are de-energized. The vent valve closes when the
gas valves are energized,

(13) Low Gas Pressure Switch: A pressure actuated
switch that is closed whenever main gas line
pressure is above g Preselected pressure. Should
the pressure drop below this setting, the switch
contacts will open a cireuit causing the main gas
valve(s) to close, or prevent the burner from start-
mg. This sWitch is usually equipped with a device
that must be manually reset after being tripped.

(14) High Gas Pressure Switch: A pressure actu-
ated sv_vxtx-:h that is closed whenever main gas line
Pressure is below a preselected pressure, Should

the pressure rise above the setting, the switch con- .

tacts will open a cireuijt causing thé main gas
Yalve(s) to clase, or prevent the burner from start-
Ing. The switch is usually equipped with a device
that must be manually reset aftar being tripped.

(15) Leakage Connection: The body of the Eas
yal_ve has a plugged opening that is used whenever
L 1s necessary or desirous to conduct a test for
possible leakage across the closed valve.

H. CONTROLS COMMON 1O
OIL FIRED BOILERS
(INCLUDING COMBINATION)

The following items gre applicable to all ojl fired

Or gas and oil fired boijlers, Additional controls for
No. 6 oil are listed in section -J.

(1) Oil Drawer Switch (figure 4-1): Opens the limit
circuit if oil drawer burner gun is not latched in

- the forward position required for burning oil.

(2) Atomizing Air Proving Switch (figure 1-1):
Pressure actuated switeh whaose contacts are closed
when sufficient atomizing air pressure from the ajr
pPump is present for ojl firing. Oil valve(s) will not

~ (a) Oil Metering Valve:

open or will not remain open unless switch con-
tacts are closed.

(3) Air Pump Module {figure 1-1 and 7-7): This
assembly provides the compressed air required to
atomize the fuel oil for proper combustion. It is
started automatically by the Programmer’s se-
quence. It includes components described below,
(4) Air Pump Motor (figure 7-7): This motor drives
the air pump and an air cooling fan, The motor js
started and stopped simultaneously with the forced
draft fan motor.

A5) Air Pump (figure 7-7): Provides air for

atomization of fuel oil.

(6) Air Filter {figure 7-7): An oil bath type strainer
to clean the air supply prior to entering air pump,

{7} Check Valve (figure 7-7): Prevents lubricating
oil and compressed air from surging back through
the pump and air filter when pump stops.

(8) Air-oil Receiver Tank (figure 7»7): Holds sup-
ply of eil for lubricating the ajr pump. Separates
lube oil from atomizing air before delivery to noz-
zle.

(9) Atomizing Air Pressure Gauge (figure 1-1): In-
dicates the atomizing air pressure at the burner
gun.

(107 Lube Oil Level Sight Glass (figure 7-7): In-
dicates the level of lubricating oil in the air-oil
receiver tank,

(11} Lube Oil Cooling Coil {figure 7-7): Cools the
lubricating oil before it enters the. air pump. A fan
driven by the air pump motor circulates cooling air
over the coil,

(12) Lube Oil Strainer (figure 7-7): Filters
lubricating oil before it enters the zir pump.

(13) Lube Oil Fill Pipe and Strainer- (figure 4-7):
Used when adding oil to the air-oil receiver tank.

(14} Low O0il Pressure Switch {optional): Switch
contacts open when fuel oil pressure drops below
selected pressure. Switch will interrupt the limit
circuit upon loss of sufficient fuel oil "pressure for
correct combustion,

(15) Oil Solencid Valve (figure 1-1): Opens when
energized thru contacts in the programmer and
allows fuel oil flow from the oil metering valve to
the burner nozzle. A light oil fired burner uses two
valves operating simultaneously.

(16) Fuel Oil Contrcller {figures 1-1 and 1-5); An
assembly combining into a single unit the gauges,
regulators and valves required for regulating the
flow of fuel oil. ANl controliers have the following
integral parts. In addition to these, the controller
used on a No. 6 oil fired burner has additional
components described in Section J.

Valve metering stem
moves to increase or decrease the orifice ares
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to regulate the supply of fuel oil to the burner
nozzie in accordance with boiler load vari-
ances, Stem movement is controlled by the
modulating motor through linkage and the oil
metering cam.

{b} Oil Modulating Cam: Assembly consisting of a
gquadrant, a series of adjustable allen-head
screws and a contour spring provided for ad-
justment of oil input at any point in the
moedulating range.

(c) Oil Burner Pressure Gauge: Indicates pressure
of the fuel oil at the metering valve,

(d) Oil Pressure Regulator: For adjustment of the
pressure of oil at the metering valve.

' (17) Fuel Qii Pump (not shown): Transfers fuel oii

from storage tank and delivers it under pressure to
the burner system. '

(18) Oil Relief Valve (figure 1-1): Bypasses excess
fuel oil and maintains pressure indicated on oil
supply pressure gauge. '
{19) Fuel Oil Strainer (figure 1-1);: Provided to
prevent foreign matter from entering the burner

system.

(20} Gas Pilot; See Section G for description of the

various components.

(21) Light Oil Pilot Valve (not shown): When a
light oil pilot is furnished, a splenoid valve is
provided tp control flow of fuel to the pilot nozzle,
It is energized through the contacts of a program-
mer when pilot ignition is desired. It is de-
energized to shut off pilot fuel flow &after main
flame is ignited and established.

(22) Back Pressure Orifice (figure 1-1): A restric-
tion located in the oil return line immediately
downstream of the fuel oil controller to create back
pressure. (100 and 200 series only).

J. ADDITIONAL CONTROLS
FOR HEAVY OLL

NOTE: Items 6 and 7 are applicable only an a hot
water boiler.

.(%) Oil Heater Switch (figure 1-7): Manually pro-
vides power to oil heater system.

(2) Oil Heater (Electric) (figures 1-2 and 1-8): Used
for heating sufficient fuel oil for low fire flow dur-
ing cold starts before steam or hot water is avail-
able for heating. The heater must be turned off
during extended boiler lay-up, or at any time fuel
oil transfer. pump is stopped.

(3) Oil Heater (Steam/Hot Water) (figures 1-2 and
1-8): Heats fuel oil through medium of steam or
hot water. Electric heater is housed in the steam
heater, but is housed separately on & hot water
heater. Steam oil heaters on 15 psi boilers will
operate at boiler pressure. Steam oil heaters fur-
nished on high pressure boilers are also to be oper-
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ated at less than 15 psi. This is accomplished with
a steam pressure regulator valve,

(4) Oil Heater Thermostat—Electric (figures 1-2
and 1-8): Senses fuel oil temperature and energizes
or de-energizes the electric oil heater to maintain
required temperatire. ’

(5) Oil Heater Steam Thermostat (figure 1-8); Sen-
ses fuel oil temperature and controls the opening
and closing of the steam heater valve to maintain
the selected temperature,

(6) Oil Heater Hot Water Thermostat (figure 1-2):
This control is used on a hot water boiler to sense
fuel oil temperature and control the starting and
stopping of the booster water pump to supply.hot
water £o the pre-heating assembly to maintain the
selected temperature.

(7) Booster Water Pump (figure 1-2): Started and
stopped by the hot water thermostat to regulate
the flow of hot water through the hot water oil
heater to maintain temperature of fuel oil.

(8) Oil Heater Steam Valve (figure 1-8): A nor-
mally closed solenocid valve opened by the oil
heater steam thermostat to allow flow of steam to
the steam heater to maintain temperature of fuel
oil. :
{9} Steam Heater Check Valve (figure 1.8): Pre-
vents oil contamination of the waterside of pres-
sure vessel should any leakage occur in the oil
heater.

(10) Steam Heater Pressure Regulator {figure 1-8):
Adjust to provide reduced (usually less than 15
psi) steam pressure to the heater to properly main-
tain the required fuel oil temperature. This
regulator and the pressure gauge are not furnished
on 15 psi units.

(11) Steam Trap (figure 1-8): Drains condensate
and prevents loss of steam from the steam oil
heater. Its discharge must be piped to waste.

(12) Check Valve (Steam Heater Discharge) (figure
1-8): Prevents air eniry during shutdown periods
when cooling action may create vacuum within
steam heater.

(13) Oil Supply Pressure Gauge {figures 1-2 and 1-
8): Indicates fuel oil pressure in the oil heater and
supply pressure to the fuel oil controller’s pressure
regulator, -

{14) Low Oil Temperature Switch (figures 1-2 and
1-8): Thermostatic switch that prevénts burner
from starting, or stops burner firing if fuel oil tem-
perature is lower than required for oil burner
operation.

‘ (15) High Oil Temperature Switch (Optional) (Not

Shown): Switch contacts open when fuel oil tem-
perature raises above a selected temperature.
Switch will interrupt the limit circuit in the event
fuel oil temperature rises above the selected peint.

(16) In additing to the compenents of the fuel cil




oontroiler mentioned in Section H, the foIlo.wing
are used with a heavy oil fired burner (See Figure

1-6). .
(a) Fuel Oil Thermometer: Indicates temperature
of fuel oil being supplied to the fuel gil con-
troller. ’ .
Back Pressure Valve: For adjustment of the oil
pressure on the downstream side of the meter-
ing valve. Also regulates rate of return oil flow,
{c) Oil Retarn Pressure Gauge: Indif:ates the oil
pressure on return side of fuel oil controller.
(d) Manual By-Pass Valve: Provided as a time
saver in establishing oil flow. When open it

(b)
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permits circulation of oil through the supply
and return lines. Prior to initial light off this
valve must be closed.

(e) Orifice Qil Control Valve:
opened prior to start-up to aid in establish
fuel oil flow through the controller. Prior-.
initial light off this valve must be closed. Its
disc has an orifice to permit a continuous cir-
culation of hot fuel oil through the controller.

(17) Air Purge Valve (not shown). Solencid valve
opens simultaneously with closing of oil solenoid
valve at burner shutdown allowing compressed air
to, purge oil from the burner nozzle and adjacent

Valve may ;
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piping. This oil is burned by the diminishing flame
which continues burning for approximately 4
seconds after oil solenoid valve closes.

(18) Air Purge Orifice Nozzle (not shown); Limits
purging air to proper quantity for expelling un-
burned oil at normal delivery rate,

{19 Air Purge Orifice Nozzle Filter (not shown):-
Filters the purging air of any particles which might
plug the air purge orifice nozzle.

(20) Air Purge Check Valve (not shown): Valve
check prevents fuel oil from entering the atomizing
air line.

(21) Air Purge Relay ({figure 1-7): When energized,

contrels operation of air purge valve.

K. CONTROLS FOR COMBINATION
BURNERS ONLY

(1) Gas-0il Switch (figure 1-7): Burners equipped
to burn either oil or gas include equipment for
each fuel. The selector switch routes electrical cir-
cuitry through those controls and interlocks re-
quired for the particalar fuel. Chapter 4 details the
required mechanical functions of each fuel system,

L. COMBUSTION AIR

Air for combustion of fuel (often referred to as
“secondary’’ air} is furnished by the forced draft
fan (Figurg 1-10) mounted in the boiler head. In
operation, air pressure is built up in the entire
head and is forced through a diffuser plate for a
thorough mixture with the fuel for proper com-
bustion, The 'supply of ‘secondary air to the burner

is governed by automatically throttling the output -

of the fan by regulating .the rotary air damper.
This furnishes the proper amount of air for.correct
ratio of air to fuel for efficient combustion at all
firing rates.

M. AUTOMATIC IGNITION

Gil or gas burners are ignited by an interrupted
type pilot. The pilot flame is ignited automatically
by an electric spark.

A series 100 burner. usually is equipped with a
pilot fired with light oil fuel, All other burners, as

" "well as a series 100 burner complying to insurance '

underwriters’ requirements, are equipped with a
gas burning pilot. In the case of a combination bur-
ner, the gas pilot is used to ighite either the main
gas flame or the oil flame. Either pilot serves the
same function and unless exception is taken in the
text the term pilot is used interchangeably.

At the beginning of the ignition cycle, and gover-
ned by the programming control, the:pilot solencid
valve and ignition transformer are simultaneously
energized.
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The ignition transformer supplies high voltage
current for the igniting spark, A gas pilot has a

single electrode and a spark arcs bretween the tip of .

the electrode and the wall of the tube surrounding
jt. A light oil pilot has two electrodes and the arc is
between their tips. The pilot soienoid valve and
the transformer are de-energized after main flame
is ignited and established.

Fuel for the gas pilot is supplied from the utilities’
mains or from a tank (bottle) supply. Secondary
air flows into and mixes with the pilot gas stream
to, provide an adequate flamie.

Insurance regulations may require two gas pilot
solencids with a normally open vent valve between
them. The vent vaive cioses when the gas pilot
valves open: and opens when the gas pilot valves
shut to vent gas should any be present in the pilot
line during the de-energized period of the gas pilot
valves.

Fuel for a light oil pilot is provides from the line
that supplies oil under pressure for the main flame,
A solenoid actuated valve controls flow of oil to
the pilot nozzle, This valve is energized simul-
taneously with the ignition transformer at the be-
ginning of the ignition cycle and is de-energized af-
ter main flame is ignited and established.

N. ATOMIZING AIR

Air for atomizing the fuel oil (often referred to as
“primary air’’) is pumped by the air pump into the
gir-oil receiver tank and delivered under pressure
through a manifold block to the ¢il burner nozzle.

The atomizing air mixes with the fuel oil just prior
to the oil leaving the nozzle.

Atomizing air pressure is indicated by the air
pressure gauge on the burner gun. Leakage of
atomizing air into the oil line in the burner gun is
prevented by a neoprene o-ring around the rear of
the oil tube within the manifold block.

Air pressure from the pump also forces sufficient
oil from the tank to the pump bearings to lubricate
them and also to provide a seal and lubrication for
the pump vanes. As a result the air delivered to the
tank contains some- lube oil, however, most of it is
recovered through baffles and filters in the tank
before the air passes to the burner. '

.Some of the primary air is also used to assist the -

oil pressure regulators of the fuel oil controller.
This is explained in Chapter 4.

0. O FUEL FLOW — LIGHT OIL

The oil fuel flow system is shown in schematic L
diagram form in figure 1-11. Oil flow is indicated .
by arrows and the pertinent controls are called
out. ’
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Fuel oil is delivered into the syatem by a supply
pump which delivers part of its discharge to the oil
burner. Excess oil is returned to the oil storage
tank through the fuel oil relief valve and oil return
line, Normally the pump operates only while the
burner is in operation although often a positioning
switch is provided sc that either continuous or
automatic pump operation can be obtained.

The oil flows through a fuel oil strainer provided
to prevent any foreign material from flowing
through the control valves and nozzle. The fuel oil
controller contains in a single unit, a metering
valve, a regulator and 2 gauge required to regulate
the pressure and fiow of oil to the burner. The ad-
justable regulator controls the pressure. To assist
in this regulating, back pressure is created by an
orifice nozzle located in the oil return line immedi-
ately downstream of the fuel oil controller.

The programming control energizes or de-energizes
the salenocid oil valves to permit or cut off oil flow
to the burner. Two valves, operating simul-
taneously, are used. These valves are closed when

", de-energized, They can not be opened (energized)
unless the combustion air proving switch and the

atomizing air proving switch are closed. These are

SUPPORT FROM BUILDING TO STEAM

- CONSTRUCTION VENT \:El;iﬁ!
Discharge cpening
MUST be larger thon DRI PAN

EXTENSION

DRIP PAN
AND ELBOW

OPEN DRAIN
WATER LEVEL TO WASTE

NOTE: Bock-presura of steam exhoust syshem MUST
be laws than 10% of sofaty valva setting:

SAFETY VALVE

FIGURE 1.9 RECOMMENDED SAFETY VALVE
INSTALLATION PROCEDURE o
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SECONDARY AIR FLOW DIAGRAM

satisfied, respectively, by sufficient combustion air

pressure from the forced draft fan and pressurized
air from the air pump. ‘

The oil flow to the burner is controlled by the
movement of the metering stem in the oil metering
valve which varies the flow to meet load demands.
The metering valve and the air damper are con-
trolied simultaneously at all times by the modu-
lating motor to proportion combustion air and fuel
for changes in load demand.

P. OIL FUEL FLOW — HEAVY oL

The oil fuel flow and circulating system is shown
in schematic diagram form in Figure 1-12. The per-
tinent controls are called out and the oil flow is in-
dicated by arrows, '

" Fuel oil is delivered into the system by the fuel oil

supply pump which delivers part of its discharge to
the oil heater. The remainder of the fuel o}l returns
to the oil storage tank thru a fuel oil relief valve
and oil return line, :

The combination electric and steam oil preheater
is controlled by thermostats, The electric oil heater
thermostat energizes the electric heater which is
provided to supply heated oil on cold starts, The
steam-heater thermostat controls the operation of
the steam solencid valve to permit a flow of steam
to the heater when steam is available,

A hot water boiler is equipped to heat the oil with
hot water from the hoiler unless other pre-heating
equipment is utilized, The electric heater, which is
housed separately, is sized to provide heated oil on
a cold start. The hot water thermostat controls the
operation of a pump that supplies hot water to the
oil heater when hot water is availabjle.

The heated oil flows thry a fuel oil strainer to
prevent any foreign matter from"entering the con-
trol valves and nozzle,

The fuel oil controller contains in a dgingle unit the
Decessary valves, regulators and gauges to regulate
the pressure and flow of oil to the burner,

The programming control energizes or de-energizes
the solenoid oil valve to permit or cut. off oil flow

to the burner. The oil solenoid is closed when de- -

energized. It cannot be opened (energized) unless
the combustion air proving switch, the atomizing
air proving switch and the low oil temperature and
Any pressure switches are closed. These are satis-
fied, respectively, by sufficient combustion air
pressure from the forced draft fan, pressurized air
from the air pump- and sufficient oil temperature
and pressure. '

The oil flow. to the burner is -controlled by the
movement of the metering stem of the oil. metering
valve which varies the flow to meet Joad demands.
The metering valve and the air damper are con.
trolled sumultaneously at all times by the
modulating motor to proportion fombustion air
and fuel for changes in load demand.

Oil is purged from the bumer gun upon each bur-
ner shut down. The air purge solenoid valve opens
as the fuel valve closes and diverts atomizing air

ru the oil line. This assures a clean nozzle and
line for the subsequent restart, : .

Q. GAS FUEL FLOW

The gas flow system is shown in figure 1-4. Gas
flow is indicated by arrows and the pertinent con.

-
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trols are shown. Combustion air travel is also
shown and indicated by a different type of arrow.

Metered gas from the utility flows through the
pressure regulator at a reduced pressure suitable
to the burner’s requirements, through the main gas
shut-off cock, main gas valve(s) and modulating
butterfly gas valve to the non-premix orifice type
burner.

The main gas valve is of the normally closed type
and is opened (energized) in proper sequence by

the programming control.

The but'te'rﬂy gas valve modulates the flow of gas
from low through high fire settings. The position of
the butterfly valve disc is governed by the gas

modulating cam. The butterfly gas valve, and the

air control damper are controlled simultaneously
by the modulating motor to proportion combustion
air and fuel for changes to load demand.

The gas flow rate required for rated burner input
depends upon the heating value (BTU/cubic foot)
of the gas supplied. The gas pressure regulator ad-
justs the gas pressure (flow rate) to the entrance of

" the gas train. The regulator is not always supplied

with the burner, but may be provided by others.

The main gas valves cannot be energized (opened)
unless the combustion air proving switch is closed
to indicate a sufficient supply of combustion air.
The low gas pressure and high gas pressure swit-
ches must be closed to prove sufficient, but not ex-
cessive, gas fuel pressure.

R. MODULATING FIRING
The modulating motor, through a linkage arrange-

ment, controls the air damper and the butterfly gas
valve or the oil metering valve to maintain a con-

-stant air-fuel ratio throughout the firing range.

During burner operation, the motor is controtled
by a modulating pressure control an a steam
boiler, or by a modulating temperature control on
a hot water boiler. A manually operated potentio-
meter- is provided to permit the positioning of the

Chapter 1—General Descrif:tinn and Principles of Operation

motor at a desired burner firing rate. This is used
primarily for initial or subsequent checking and
setting of fuel input. Normal operation should be

with the manual-automatic switch in the “auto-.
matic”’ position and under the control of the’

modulating control.

The modulating motor (commonly called & damper
motor) is reversible. It has an internal limit switch
that restricts shaft rotation to 90°. During normal
operation the motor will move in either direction
or stop at any position within this range.

The motor's potentiometer is electrically con-
nected to a matching potentiometer in the modu-
lating control, Changing steam pressure or water
temperature aiters the electrical resistance of the
modulating controller’s potentiometer. This
change in resistance compels an integral balancing
relay to start, stop, or reverse the motor rotation.
Rotation in either direction continues until the re-

sistance ratio of the two potentiometers are equal.

When this occurs, the motor stops in a position
that allows the proper fuel and combustion air
flow to meet operating demands.

A feature designed into the circuitry is that the
modulating motor must be in the low fire position
during ignition and remain there until the main
flame is established. A low fire switch, integral to
the motor, is actuated by the rotation of thé motor.
The switch must be closed to establish that the

damper and fuel metering valves are in low fire :

position before the programmer commences into
the ignition period. During this time, neither the
manual flame control nor the modulating control
havée any control over the damper motor, regard-
less of their setting.

An optionally equipped boiler has a second inte-
gral switch used to establish that the motor has
driven the damper to an open position during the
pre-purge period. This switch closes, as high fire
position is approached, to complete an internal cir-
cuit in the programmer and allow continuation of

the programming cycle.

%
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CHAPTER 2

THE PRESSURE VESSEL

A. GERERAL -
B. CONSTRUCTION

C. WATER REQUIRERMENT
1. HOT WATER BOILER
2. STEAM BOILER

D. WATER TREATMENT

E. CLEANING

F. BOIL-OUT OF A NEW UNIT

G. WASHING OUT

H. BLOWDOWN—STEAM BOILER
I. PERIODIC INSPECTION
4. PREPARATION FOR EXTENDED LAY-UP

A. GENERAL

This chapter is devoted primarily to the waterside
care of the pressure vessel.

The type of service which your boiler performs has’

an important bearing in the amount of waterside
care it will require,

The subject of water supply and treatment cannot
adequately be covered in this manual. Neverthe-
less it is of prime importance.

Feedwater equipment should be checked and ready
for use. See that all vaives, piping, boiler feed
pumps, and receivers are instailed in accordance
with prevailing codes and practices.

Water requirements for both steam and hot water
boilers are essential to boiler life and length of ser-
vice. Constant attention to this area will pay
dividends in the form of longer life, less down time,
and prevention of costly repairs. Care taken in
placing the pressure vessel into initial service is
vital, The waterside of new boilers and new or
remodeled steam or hot water systems may contain
oil; grease or other foreign matter. A method of
boiling out the vessel to remove these ac-
cumulations is described later in this chapter. .

The operator should familiarize himself with this
chapter before uttemptmg to place the unit into
operation.

Boilers, as a part of a hot water system, require
proper circulation and the system must be
operated as intended by its designer tc avoid shock
or severe, possibly damaging, stresses occurring to
the pressure vessel.

- B, CONSTRUCTION

All pressure vessels are constructed in accordance
with the ASME Boiler and Pressure Vessel Code.
Steam boilers for operation at pressure not ex-
ceeding 15 psig, but within the limits of good safety
valve practices, are constructed to section 1V, Low
Pressure Heating Boilers, of this Code, Hot water
boilers for operation with water temperature not
exceeding 240° F may be built as 30 psig design,
but because of static head may be built up to 160
psig design and constructed to section IV of Low
Pressure Heating Boiler Code. For water tem-
peratures between 240-250° F, minimum design
pressure is 60 psig, but because of static head may
be as high as 160 psig and constructed to section
IV of Low Pressure Heating Boiler Code.

Those steam boilers designed for operation ex-
ceeding 15 psig are constructed in accordance with
section I Power Boilers, of the ASME Code. Hot
water boilers for operation over 250" F are
likewise built to this Code.
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C. WATER REQUIREMENTS
1. HOT WATER BOILER
Air Removal

The hot water outlet includes a dip tube which ex-
tends 2 to 3 inches into the boiler. This dip tube
reduces the possibility of any air which may be
trapped at the top of the shell from entering into
the system.

Any oxygen or air which is released in the boiler

will collect or be trapped at the top of the boiler.

shell.

The air vent tapping on the top center line of the
boiler should be piped into the expansion or com-
pression tank. Any air which is irapped at the top
of the boiler will find its way out of the boiler
through this tapping.

Minimum Boiler Water Temperaturs — The min-
imum recommended boiler water temperature. is
170 degrees F. When water temperatures lower

" “than 170 degrees F are used, the combustion gases

are reduced in temperature to a point where the
water vapor condenses. The net result is that
corrosion oceurs in the boiler and breeching.

This condensation problem is more severe on a
unit which operates intermittently and which is
greatly oversized for the actual load. This is not a
matter which can be controlied by boiler design,

« since an efficient boiler extracts all the possible
heat from the combustion gases. However, this
problem can be minimized by maintaining boiler
water .temperatures above 170 degrees F.

Another reason for maintaining boiler water téem-
perature above 170 degrees F is to provide a suf-
ficient temperature “head” when No. 6 fuel oil is
to be heated to the proper atomizing temperature
by the bailer water in a safety type oil preheater.
(The electric preheater on the boiler must provide
additional heat to the oil if boiler water tem-
perature is not maintained above 200 degrees F.)

NOTE: If the water temperature going to the
system must be lower than 170 degrees F,
the hoiler water temperature should be a
minimum of 170 degrees F (200 degrees F
if used to preheat No. 6 0il) and mixing
valves should be used.

Rapid Replacement of Boiiler Water — The
system layvout and controls should be arranged to
prevent the possibility of pumping large quantities
of cold water into a hot boiler, thus causing shock,
or thermal stresses. A formula, or "“magic number”’
cannot be given, but it should be borne in mind
that 200 degrees or 240 degrees water in a boiler
cannot be completely replaced with 80 degrees

e

S

water in a few minutes’ time without causing the;
mal stress. This applies to periods of “norma
operation’ as well as during initial start- i

This problem can be avoided in some syst(\ b
having the circulating pump interlocked witn th
burner so that ‘the burner cannot operate unles
the circulating pump is running.

When individual zone circulating pumps are used
it is recommended that they be kept running - ever
though the heat users do not require hot water
The relief device or by-pass valve will thus allow
continuous circulation through the boiler and car
help prevent rapid replacement of boiler wates
with “cold” zone water.

Continuous Flow Through the Boiler — The
system should be piped and the controls so
arranged that there will be water circulation
through the boiler under all operating conditions.
The operation of three way valves and system con-
trols should be checked to make sure that the
boiler will not be by-passed. Constant circulation
through the boiler eliminates the possibility of
stratification within the unit and results in more
even water temperatures tp the system.

A rule of thumb of 1/2 to 1 gpm per boiler horse-
power can be used te determine the minimum con-
tinuous flow rate through the hoiler under all
operating conditions,

Before initial firing or refiring after boiler |
been drained, the operator should determine th
flow of water exists through the boiler,

Water Circulation

The chart in Fig. 2-1 shows the maximum G.P.M.
circulation rate of boiler water in relation to full
boiler output and system temperature drop,

Multiple Boiler Installations — When multiple
boilers of equal or unequal size are used, care must
be taken to insure adequate or proportional flow
through the boilers. This can best be accomplished
by use of balancing cocks and gauges in the supply
line from each boiler. If balancing cocks or orifice )
plates are used, a significant pressure drop (e.g. 3-5
psi) must be taken across the balancing device to
aceomplish this purpose.

If care is not taken to insure adequate or propor-

tional flow through the boilers, this can result in
wide variations in firing rates between the boilers,

In extreme cases, one boiler may be in the “high
fire” paosition, and the other boiler or boilers may
be icafing. The net result would be that the com-
mon header water temperature to the system
would not be up to the desired point. This is an i
portant consideration in multiple boiler
stallations. :
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Boller g:t';:t - System Temperature Drop — Dagrees F
size | do00) 1olzojaoLm|so[sn]7o]so[w[1ou
(BHP)
Bw/Hr Maximum Circulating Rate — GPM
15 5001 100.{ 50 33] 25 20 17| 4] 12) 11| 10
20 670 | 134 67 45 33 27| 22| 19 17 15| 13
30" | 1005 200[ 100 67 50 40| 33} 20 25| 22| 20
40 1,340 | 268 | 134 a9 67 54| 45| 38| 33| 30| 27
! 50 1675 | 335| 168 | 112 84 67| 56 48| 42| 37| 33
60 | 2010 | 402{ 201 134 101 B0O| 67| 58| 50| 45 40
70 | 2345| 470| 235 157 118 94| 78| 67| 59| 52| 47
a0 | 2880| sas| 288! 17e] 134 | 107 ] 90| 77} 67| 60 ] 54
100 3350 | 670 335| 223f 168 | 134|112} 96| 84| 75| 67
125 | 4185| 836| 418| 279| 209 | 168140} 120|105 93 | 84
150 | 5025|1005 508| 335| 251 | 201168 | 144 | 126 | 112 | 100
200 6695 1,340 | 670 447 | 335 | 268|224 1192 | 168 | 149 | 134
250 | 8370|1.675{ 838| 558| 419 | 335|280 | 240 } 210 | 186 | 167
300 | 10,045 | 2,010} 1,005| 670! 503 | 402 335 | 287 | 251 | 223 | 201
350 | 11,720 | 2,350 | 1,175 | 784 | 687 | 470 | 392 | 336 | 294 | 261 | 235
400 | 13,400 | 2,680} 1,340 885 | 670 | 535 447 | 383 | 335 | 298 | 268
500 | 16,740 | 3,350 | 1,675 | 1,120 | 838 | 670 | 558 | 478 | 419 § 372 | 335
600 | 20,080 | 4,020| 2,010 | 1,340 | 1,005 | BOS | 670 | 575 | 502 | 448 | 402
700 | 23430 | 4690 | 2,345 | 1,565 | 1,175 | 940 | 785 | 670 | 585 | 520 | 470
800 | 26780 | 5360 | 2,680 | 1,785 | 1,340 1,075 | 895 | 765 | 670 | 585 | 535

FIGURE 2.1. CIRCULATION CHART

Pressure Drop Through Boiler — There will be a
pressure drop of less than three feet head (1 psi-
231 ft. hd.) through all standardly equipped
Cleaver-Brooks boilers operating in any system
which has more than a 10 degree F. temperature
drop.

Pump Location — It is recommended that the
system circulating pumps take suction from the
outlet connection on the boiler and that they
discharge to the system load. This puts the boiler
and the expansion tank on the suction side of the
pump. This location is preferred because it
decreases air entry into the system and does not
impose the system head on the boiler.

It is common practice to install a standby system
circulating pump, and these main circulating
pumps are usually located adjacent to the boilers
in the boiler room.

Pump Operation — Pumps are normally started
and stopped by manual switches, It is also
desirable to interlock the pump with the burner so
that the burner cannot operate unless the cir-
culating pump is running.

Pressure

The design of the system and the usage
requirements will often dictate the pressure exer-
ted upon the boiler. Some systems are pressurized
with air or with an inert gas, such as nitrogen.
Caution must be exercised to make sure that the
proper relationship of pressure to temperature
exists within the boiler so that all of the boilers’ in-
ternal surfaces are fully wetted at all times. It is
for this reason that the internal boiler pressure, as
indicated on the water pressure gauge, must be
held to the level shown in Fig. 2-2.
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When initially firing a newly installed boiler or It cannot be over emphasized that rapid changes in
when cutting an existing boiler into an operating temperature within the boiler can, and sometimes
system, the boiler or boilers to "be ecut into do, cause damage,
operation MUST be pressurized equal to the
System and/or other boilers prior to cutting in.

It is advisable to have & thermometer installed in 2. STEAM BOILER

the return line to indicate return water tem- '
perature. With this determined and with the sup. Feed Pump Operation
ply water temperature to system known, the tem-
perature differential will be established. With
knowledge of the pumping rate, the operator can
easily detect any excessive load condition and take
appropriate corrective action. (See Figure 2-1).

Make certain that all valves in the water feed line
are open BEFORE turning on the pump moaotor to
prevent possible damage to feed pump mechanism.
After opening valves, momentarily energize feed
pump moter to establish correct pump rotation.
. ; . With correct rotation, close hoiler feed pump en-
Special caution must be taken to guard against trance switch. Pump should shut down whop water

any condition, or combination of conditions which . .
might lead to the transfer of cold water to a hot level reaches proper level shown in Figure 2-3..

boiler or hat water to g cold boiler. This is par- Feedwater pumps must have adequate capac-:ity. to
ticularly true in the tase of boilers which are maintain required water level under all o_per_atmg
operated for purposes other than supplying hot conditions. Check feedwater pumps periodically

water for the norms! system load (as an example, and maintain as necessary to prevent unexpected .
‘boilers equipped with coils for domestic hot water). breakdowns. ' J




TEST VALVE

“TYPICAL LOW WATER
CUTOFF AND PUMP
CONTROL

A. High level of water: Fead pump
turms off ot this point, Fill
prassure vesss! initiclly o this
height,

* B.  Pump turns on when water {avel
recches B, Distonce A-B is
- opproximately 3/4 inch,

C. Low Water Cutoff Point: Burner
will shut off if water {evel
lowers to this point,

D.  First visible point of gauge glass.

FIGURE 2-3. BOILER WATER LEVEL
DETAILS (STEAM BOILER)

NOTE: Prior to operating pump, carefully check
alignment of flexible coupling if one is
used. A properly aligned coupling wili last
a2 long time and provide trouble free
-mechanical operation.

Water Feeder Operation

This type of operation is usually apphcahle to
boilers operating at 15psi steam or less. It is only
necessary {0 open the water supply line valve and
the water feeder discharge valve, The water feeder
should close when water reaches the proper level
as shown in Figure 2-3,

NOTE: In the event that water column isolation
valves are provided or installed, it must be
established that these valves are not only
open but that they are sealed or locked in
the open position, If these valves are in-
stalled it is illegal to operate the boiler
with closed or unsealed open valves.

Chapter 2—The Pressure Vessel

D. WATER TREATMENT

Maximum effectiveness and long trouble-free life
of pressure vessels, at the lowest cost consistent
with good engineering and operating practice are
functions of properly treated boiler feedwater. The
recommendations of a water consultant or a
reliable water treating company should be
followed rigidly to prevent the presence of un-
wanted solids and .corrosive gases.

Objectives of water treatment in general are:

&) Prevention of hard scale deposits or soft
sludge deposits which impair the rate of heat
transfer and can lead to overheated metal
and costly down time and repairs.

b) Elimination of corrosive gases in the supply
or boiler water.

c) Prevention of intercrystalline cracking or
caustic embrittlement of boiler metal.

d) Prevention of carryover and foaming.

The accomplishment of these objectives generally
requires proper feedwater treatment before and af-
ter introduction of the water into the boiler. The
selection of pre-treatment processes depends upon
the water source, its chemical characteristics,
amount of makeup water needed, plant operating
practices, etc. These treating methods include
filtering, softening, de-mineralizing, deaerating
and pre-heating. After-treatment involves
chemical treatment of the boiler water.

Because of the variables involved, no one “boiler
compound’’ can be cansidered a “cure-all’” nor is it
advisable to experiment with homemade treating
methods. Sound recommendations and their em-
ployment should be augmented by a periodic
analysis of the feedwater, boiler witer, and con-
denzste,

The internal or waterside surfaces of the pressure
vessel should be inspected with sufficient frequency
to determine the presence of any contamination,
accumulations of foreign matter, of corrosion
and/or pitting. If these conditions are detected the
water consultant or feedwater treating company
should be consulted for advice on corrective action.

It is recommended that a properly sized water
meter be installed in the raw water make-up line
to accurately determine the amount of raw water
admitted to the boiler (steam or hot water) to aid
the water treatment program in maintaining
proper waterside conditions.

The general feeling exista that a hot water boiler
does not require water treatment, but this is a false
assumption. The recommendations of a reliable
water treating company or a water consultant
should be followed rigidly. Even though these units
generally operate on closed systems and blowdown
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is seldom practiced, the need remains to be alert to
system water losses and a water meter iz re-
commended for water make-up lines.

E. CLEANING

Hot Water and Steam Piping

Steam and water piping systems connected to the
boiler may contain oil, grease or foreign matter,
These impurities must be removed to prevent
damage to pressure vessel heating surfaces. On a
steam systemn the condensate should be wasted un-
til tests show the elimination of undesirable
impurities. During the period that condensate is
wasted, attention must be given to the treatment of
the raw water used as make up so that an ac-
cumulation of unwanted materials or corrosion
does not occur. Follow the advice of vour water
treating company.

On a hot water nystem, chemical cleaning is
generally necessary and the entire system should
be drained after treatment. Consult water treat-
ment companies for recommendations, cleaning
compounds and application procedures.

Pressure Vessel

The waterside of the pressure vessel must be kept
clean from grease, sludge and foreign material.
Such deposits, if present, will not only shorten the
life of the pressure vessel and interfere with ef-
ficient operation and functioning of control or
safety devices, but might quite possibly cause un-
necessary and expensive re-work, repairs and down
time. .

The installation and operating conditions which
the boiler will be subjected to should be considered
and cleaning of the waterside of the pressure vessel
should be provided during the course of initial
start-up. .
The pressure vessel and the steam and return lines
or hot water piping represent, in effect, a closed
system. Although the steam and return (con-
densate) lines or the hot water piping system may
have been previously cleaned it is possible that:

1) Cleaning has heen inadequate.
'2) Partial or total old system is involved.

3} Conditions may prevent adequate cleaning of
piping.

The pressure vessel waterside should be inspected
on a periodic basis. This will reveal true internal
conditions and serve as a check against conditions
indicated by chemical analysis of the boiler water.
Inspection should be made three months after
initial starting and at regular 6, 9 or 12 month in-
tetvals thereafter. The frequency of further
periodic inspections will depend upon the internal

conditions found,

If any unwanted conditions are observed water
consultant or water treating company should be
contacted for recommendations.

Any sludge, mud or sediment found wil! have ;/\‘?\
flushed out. The effectiveness of the blowd..a
practiced on steam boilers will be verified and
scheduling or frequency of blowdown may have to
be revised. The need for periodic draining or wash-
out will also be indicated.

Any oil or grease present on the heating surfaces
should be removed promptly by a boil-out with an
alkaline detergent solution,

NOTE: Temperature of initial fill of water for
hydrostatic tests, boil-out, or for normal

operation should be as staied in the ASME
Boiler Code.

F. BOIL-OUT OF A NEW UNIT

The internal surfaces of a newly installed boiler
may have oil, grease or other protective coatings
used in manufacturing. Such coatings must be
removed since they lower the heat transfer rate
and could cause over heating of a tube, Before

" boiling out procedures may begin, the burner

should be ready for firing. The operator must be
familiar with the procedure outlined under burner

operation,

Your water consultant or water treating oomp‘/
will be able to recommend a cleaning or boil-u.s
procedure. In the event such service is unavailabie
or is yet unselected, the following information may
be. of assistance,

Suggested procedure for boiling out new units prior
to initial firing is as follows:

1. Tri-sodium phosphate and caustic soda are
the suggested chemicals for cleaning of
boilers. The guantities will vary according to
conditions but an amount of one pound of
each chemical per 50 gallons of water is
suggested. See chart below for boiler water

capacity.

Gen- Water—-Gallons Water--Waight

erator

Sizes Normal Flooded Normal Flooded
400 1840 2475 15340 20630
500 2315 . 3110 18300 25825
600 2810 3780 23425 31510
700 3330 4395 27730 36600
800 3330 4395 27730 36600

2, When dissolving chemicals, the follov, -
" procedure is suggested. Warm water shoul

-




put into a suitable container. Slowly introduce
the dry chemical into the water stirring at all
times until the chemical is completely
- dissolved. Add the chemical slowly and in
small amounts to prevent excessive heat and

turbulence.

Use of a suitable face mask, goggles, rubber
gloves, and protective garments is strongly
recommended when handling or mixing
caustic chemicals. Do not permit the dry
material or the concentrated solution to come
in contact with skin or clothing.

3. An over flow pipe should be sttached to one
of the top boiler openings and routed to a safe

point of discharge. A relief or safety valve

tapping is usually used,

4, Water relief valves and steam safety valves
must be removed before adding the boil-out
solution so that neither it nor the grease which
it may carry will contaminate these valves.
Use care in removing and re-installing valves.

Refer to Section M in Chapter 7 for valve instal-

lation instructions.

b. All valves in the piping leading to or from the
. systemn must be closed to-prevent cleaning
solution fromi getting into the system.

6. Fill pressure vessel with clean water until top
of tubes are covered, Add the cleaning
solution and then fill to the top. The tem-
perature of the water used in this initial fill
should be at ambient temperature.

7. The boiler should then be fired intermittently

at a low rate sufficient to hold solution just at
the boiling point. Boil the water for at least
five hours. Do not produce steam pressure,

8, Allow a small amount of fresh water to enter
boiler to. create a slight overflow that will
carry off surface impurities,

9. Continue boil and overflow until watar clears.

Shut burner down.

10. Let boiler cool to 120°F or less, then drain
using caution that the water is discharged
with safety.

11. Remove hand hole plates and wash the
waterside surfaces thoroughly using a high
pressure water stream.

12. Inspect surfaces and if not clean repeat the
boil out. ,

13. After closing openings and reinstalling safety
or relief valves fill boiler and fire until water
is heated to at least 180° F to drive off any
dissolved .gases which might otherwise
corrode the metal,
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The above procedure may be omitted in the case of
a unit previously used or known to be internally
clean, however, consideration must be given to the

. possibility of contaminating materials entering the

boiler from the system.

On a steam system, the condensate should be
wasted until fests show the elimination of un-
desirable impurities. During the period that con-

‘densate is wasted, attention must be given to the

treatment of the raw water used as make-up &0
that an eccumulation of unwanted materials or
corrosion does not occur. Follow the advice of your
water treating company.

On a hot water system, chemical cleaning is
generally necessary and the entire system should
be drained after treatment. Consult water treat-
ment companies for recommendations, cleaning
compounds and application procedure.

G. WASHING OUT

A. STEAM BOILER

No later than 3 months after initially placing the
boiler into operation and starting service, and
thereafter as conditions warrant, the pressure
vessel should be drained after being properly
cooled to near ambient temperature, handhole
covers removed and internal waterside surfaces in-
spected for corrosion, pitting, or formation of
deposits.

B. HOT WATER BOILER

In theory, a hot water system and boiler that has
been initially cleaned, filled with raw water (and
that water treated) and with no make-up water ad-
ded will requxre no further cleaning or treatment.
However, since the system (new or old) may allow
entrance of air and unnoticed or undetected
leakage of water, introductions of raw water make-
up or air may lead to pitting, corrosion and for-
mation of sludge, sediment, scale, etc., on the
pressure vessel waterside.

If the operator is absolutely certain that the system
iz tight, then an annual waterslde inspection may
be sufficient.

If there is any doubt then the pressure vessel
waterside should be inspected no later than 3
months after initially placing the boiler into
operation and periodically thereafter as indicated -
by conditions observed during inspections.

FLUSHIHG OF PRESSURE VESSEL INTERIOR

Upon completion of inspection, the pressure vessel
interior should be flushed out as required with a
high pressure hose. If deposits are not fully
removed by flushing this may require immediate
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consultation with your water consuitant or feed-
water treatment company, and in extreme cases, it
may be necessary to resort to acid cleaning.
Professional advice is recommended if acid
cleaning is required.

These inspections will indicate the effectiveness of

the feedwater treatment. The effectiveness of treat-
ment, the water conditions, and the amount of

" fresh water make-up required are'all factors to be

considered in establishing frequency of future

pressure vessel washout periods. The feedwater

consultant or water treatment company service
should include periodic pressure vessel inspection
and water re-analysis.

- H. BLOWDOWN--STEAM BOILER

Boiler water blowdown is the removal of some of
the concentrated water from the pressure vessel
and its replacement with feedwater so that a
lowering of the concentration in the hoiler water
OCCUrs. '

Solids are brought in by the feedwater even though
this water is treated prior to use through external
processes that are designed to remove unwanted
substances which contribute to scale and deposit

formations. However, none of these are in them-.

selves capable of removing all substances and
regardless of their high efficiency, a small amount
of encrusting solids will be present in the boiler
water. :

Solids become less snluble in the high temperature
of the boiler water and tend to crystalize and con-
centrate on heating surfaces. Internal chemical
treatment is, therefore, required to prevent the
solids from forming harmful scale and sludge.

Scale has a low heat transfer value and acts as an
insulation  barrier., This retards heat transfer,
which not only results in lower operating efficiency
and consequently higher fuel consumption, but

-more importantly can cause overheating of boiler

metal. This can result in tube failures or other
pressure vessel metal damage causing boiler down
time and costly repairs.

Scale is caused primarily by calcium and
magnesium salts, silica and oil. Any caleium and
magnesium salts in the boiler water are generally
precipitated by the use of sodium phosphate along
with organic materials to maintain these
precipitates or "sludge’ in a fluid form. The solids
such as sodium salts and suspended dirt do not
readily form scale, but as the boiler water boils off
as relatively pure steam, the remaining water is
thicker with the sblids. If this concentration is per-
mitted to accumulate, foaming and priming will
occur and the sludge can cause harmful deposits
that bring about overheating of the metal.

The lowering or. removal of this concentration
requires the use of boiler water blowdown.
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TYPES OF BLOWDOWN

There are two principal types of blowdown: in-
termittent manual blowdown and continv |

blowdown. ' ) ')

A. Manual Blowdown )

Manual or sludge blowdown is necessary for the
operation of the boiler regardless of whether or not
continuous blowdown is employed.

The blowdown tappings are located at the bottom
or lowest part of the boiler so that in addition to
lowering the dissolved solids in the pressure vessel
water, it also removes a portion of the sludge
which accumulates in the lower part of the vessel.
Equipment generaily consists of a quick opening
valve and a shut-off valve. These along with the
necessary piping are not normally furnished with
the boiler, but supplied by others, All piping must
be to a safe point of discharge. Piping must be
properly supported and free to expand.

B. Continuous Blowdown

Continuous blowdown is used in conjunction with
a surface blow-off tapping (furnished on units 60"’
diameter and larger) and is the continuous
removal of concentrated water. ’

The surface blow-off opening, when furnished,.is
on the top center line of the pressure vessel and j~

provided with an internal collecting pipe te )

minating slightly below the working water level
the purpose of skimming surface sediment, oil or-
other impurities from the surface of the pressure
vessel water,

A controlled orifice valve is used to atlow s con-
tinnal-yet controlled-flow of concentrated water.

Periodic adjustments are made to the valve setting
to increase or decrease the amount of blowdown in
accordance with the test analysis.

The flow control valve and piping are generally
provided by others. All piping must be to & safe
point of discharge.

C. Frequency of Manual Blowdown

When continuous blowdown is utilized, manual
blowdown is primarily used to remove suspended
solids or sludge. The continuous blowdown
removes sediment and oil from the surface of the
water along with a prescribed amount of dissolved
solids.

When surface or continuous blowdown is not-
utilized, manual blowdown is used to control the

dissolved or suspended solids in addition to the -

sludge.

are opened periodically in accordance with an

In practice, the valve(s) of the bottom blowdowr _ \}

e
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© valve,

operating schedule andfor chemical control tests.
From the standpoint of control, economy and
results, frequent short blows are preferred to in-
frequent lengthy blows. This is particularly true
when suspended solids content of the water is high.
With the use of frequent short blows a more
uniform concentration of the pressure veszel water
is maintained.

In cases where the feedwater is exceptionally pure,
or where there is a high percentage of return con-
densate, blowdown may be employed less frequent-
ly since less sludge accumulates in the pressure
vessel, When dissolved and/or suspended solids ap-
proach or exceed pre-determined limits, manual
blowdown tc lower these concentrations. is
required,

It is generally recommended that a steam boiler be
blown down at least once in every eight hour
period, but this may vary depending upon water
and operating conditions. The blowdown amounts
and a schedule should be recommended by a water
treating company or a water consultant.

A hot water boiler does not normally include
openings for surface blowdown and bottom
blowdown since blowdowns are seldom practiced.
The need remains to be alert to systemm water
losses and corresponding amount of raw water
make-up. A water meter is recommended for water
make-up lines,

D. Manual Bliowdown Procedure

Blowdown is most effective at a time when

generation of steam is at the lowest rate since feed-
water input then is also low providing & minimum
dilution of the boiler water with low concentration
feedwater.

Make sure blow-off piping, and tank if used, are in
proper operating condition and discharge vents
clear of obsiruction, and that waste is piped to a
point of safe discharge.

Most blow-off lines are provided with two valves,
generally a quick opening valve nearest the boiler
and a slow opening globe type valve downstream.

Two slow opening valves or tandem valves may be °

used. Valves will vary depending upon pressure in-
volved and make or manufacture. If seatless
valves are installed follow the manufacturers’

recommendations.

If a quick opening valve and globe type or slow
opening valve are in combination, the former is
normally opened first and closed last with blowing
down accomplished with the globe or slow opening
When opening the second or dewn stream valve
crack it slightly to allow the lines to warm up, then
continue opening slowly.

Chapter 2—The Pressure Vessel

CAUTION: Do not open the slow opening valve
first and pump the lever action valve open and
closed as water hammer is apt to break the valve
bodies or pipe fittings.

The length of each blow should be determined by
actual water analysis. Lowering the water in the
gage glass approximately 1/2" is often acceptable
as a guide to adequate blow, however, thie should
not be interpreted as a rule since water analysis
procedures should prevail, If the glass cannot be

- viewed by the party operating the valve, another

operator should watch the glass and direct the
valve operator.

Close the downstream {slow opening) valve first
and as fast as possible. Then close the valve next
to the boiler. Slightly crack the downstream vaive
and then close it tightly, ' :

Under no circumstances should a blow-off valve be
left.open and the operator should never leave until-
the blowdown operation is oumplete_d:‘ff;iki valves
closed. -

[. PERIODIC INSPECTION

Insurance regulations or local laws will require a
periodic inspection of the pressure vessel by an
authorized inspector. Sufficient notice is generally
given to permit removal of the boiler from service
and preparation for inspection.

When shutting down, the load should be reduced
gradually and the pressure vessel cooled at a rate
that avoids damaging temperature differential
that can cause harmful stresses. Vessels should not
normally be drained until ail pressure is relieved -
again to prevent uneven contraction and tem-
perature differentials that can cause expanded
tubes to leak. Draining the unit too quickly may
cause the baking of deposits that may be present
on the heating surfaces. Some heat, however, may
be desirable to dry out the interior of the boiler.

If the internal inspection is being made at the
request of an authorized inspector, it is well to
learn from him whether he desires to observe the
conditions prior to cleaning or flushing of water-
side surfaces.

Be certain that a supply of manhole and handhole
gaskets is available along with any other gaskets
or items needed to place the unit back into
operation after inspection. :

Have available information on the boiler design,
dimensions, generating capacity, operating
pressure or temperature, time in service, defects
found previously and any repairs or modifications.
Also have available for reference records of

previous inspections.

Be prepared to perform any testing required by the
inspector including hydrostatic,

After proper cooling and draining of vessel, flush
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Remove any scale or deposits from the waterside
surfaces and check for internal or external
corrosion and leakage,

The' fireside surfaces should also -he thoroughly
cleaned so that mets] surfaces, welds, Jjoints, tube
ends, fittings and any previous repairs can be
readily checked.

Be sure that steam valves, system valves, (hot
water) feedwater valves, blow-off valves, all fuel
valves, valves to expansion tanks, and electrical
switches are shut off prior to opening handholes,

safety factor. Cleaners should preferably work in
pairs.

Clean out the low water cut-off piping, the water
level controls and CTOSS connecting piping. Replace
water gage glass and clean out water cocks and
tri-cocks. Also check and clean drain and
blowdown valves and piping.

Check all water and steam piping and valves for
leaks, wear, corrosion and other damage, Replace
Or repair as required. '

J. PREPARATION FOR EXTENDED
LAY-Up

Many boilers used for heating or seasonal loads or
for stand-by service may have extended periods of
hon-use. Special attention must be given to these
80 that neither waterside nor fireside surfaces are
allowed to deteriorate from corrosion.

Too many conditions exist to lay down definite
rules. There are two methods of storage - wet or

dry. Your water consultant or feedwater treating '

stallation,
Whichever method is used, common sense dictates
‘a periodic recheck of fireside and waterside con.
ditions during lay-up to allow variations from the
above methods for special area. or job-site cop-
*ditions. '
Swing open boiler head at stack end of unit to
prevent flow of warm, moist air through beiler
‘tubes.

Although pollution contrgl regulations may con-
tinue to limit the permissable sulphur content of
fuel oils, care must be taken to avoid corrosion
problems that sulphur can cause, especially in a
boiler that js seasonally shutdown. Dormant
periods, and even frequent shutdowns, expose the
fireside . surfaces to condensation below the dew
point during cooling. This moisture ang any
‘sulphut residue ean form an acid solution. Under
certain conditions, and especially in areas with
high humidity, the corrosive effect of the acid wiil
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be serious enough to eat through or severely
damage boiler tubes or other meta) heating syr.
faces during the time that s boiler is out of service,

This condition does not generally occur during .
mal firing operation since the high temperaty

operation vaporizes any condensation, Howé\\rer,
Proper hoiler operation must be maintained,
especially with a hot water boiler, to prevent the
flue gases from falling below the dew point.

At the start of lay-up, thoroughly clean the fireside
by removing any soot or other products of com-

side surfaces, Brushing will generally suffice.
Sweep away or Vacuum any accumulation. The
fireside surfaces may be flushed with water, how.
ever, all moisture must be eliminated after flugh-
ing and the surfaces dried by blowing air or apply-
ing some form of heat, It 1s good practice to protect
the clesned surfaces by coating them with an anti-
corrosive material to Prevent rust.

To prevent condensation from forming in the con-
trel cabinet, keep the contral circuit energized.

Dry storage is generally employed when the boiler
will be out of service for some time or where
freezing temperatures may exist. In this method
the boiler must be thoroughly dried because any
moisture would cause corrosion, Both fireside and
waterside surfaceg must be cleaned of .a]] scale,
deposits, soot, etc, Steps must be taken to
eliminate moisture by placing maisture absorbing
materials such as quick lime (at 2 pounds for :f
cubic feet of valume) or silica gel (at 5 pounds for,
30 cubic feet of volume) on trays insige the vessel,
Fireside surfaces may be coated with an ant;.
corrosive materia] gr Erease or tar paint. Refrap.
tories should be brushed clean and wash coated,
All openings to the Pressure vessel such gag
manhole and handholes should be shyt tightly.
Feedwater and steam valves should be closed,
Damper and vents should be closed to prevent air
from reaching fireside surfaces, Periodic inspection
should be made ang absorption materials renewed.

Wet storage is generally used for a boiler held in
stand-by condition or in cases where dry storage is

taken to protect meta}l surfaces. Variables preciude
definite recommendations, however, it ig Buggested
that the pressure vessel be drained, thoroughly
cleaned internally and re-filled to overflowing with
treated water. If deaerated water is not availabie,
the unit should be fired to boil the water for 5
short period of time. Additional chemicals may be
suggested by the water consultant to minimjze
corrosion. Internal water pressure should be main.
tained' at greater than atmospheric pressure,
Nitrogen is often used to pressurize the vessel.
Fireside surfaces must be thoroughly cleaned and
refractory should be wash coated,
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CHAPTER 3

SEQUENCE OF OPERATION

GENERAL .
B. CIRCUIT AND INTERLOCK CONTROLS

. SEQUENCE OF OPERATION — OiL OR GAS
Applicable to Standardly Equipped Bollers
with CB-20 Flame Safe Guard and Control
System

D. SEQUENCE OF OPERATION — OIL OR GAS

Applicabls to Optionally Equippad Bolilers
with CB-40 Flame s-h Guard and Control

>

O

te :'*:u‘r

System

E. FLAME LOSS SEQUENCE

A. GENERAL

This dnapter outlines the electncal sequencing of
the various controls through the starting cycle,
ignition cycle, firing and shutdown.

The timer in the programming control sequences
the operation of all other controls and components
to provide an overall operating sequence.

In the schematic type wiring diagram provided for

the boiler, the grounded {(common) side of the’

pawer supply is shown as a vertical line on the
right side of the diagram. All inductive compo-
nents (coils, solenoids, transformers, lights, etc.)
are connected to it. The hot side of the power sup-
ply is shown as a vertical line on the left side of the
drawing. All the inductive components are con-
nected to it through switches or contacts that per-
mit the component to function when required.

Abbreviations for the various electrical compo-
nents are listed in Figure 3-3. The sequences
outlined in this chapter also employ these
deslgnltmns to aid in applymg the text to the wir-
ing diagram. .

For an explanatory booklet on schematic wir-
ing diagrams, request Cleaver-Brooks Buliletin
C17-4095.

The burner and control system are in starting
condition when the following conditions exist:

Boiler water is up to correct level closing the low
water cut-off switch, The low water light is off.
The operating limit pressure control (steam
boiler) or the operating limit temperature con-
trol (hot water boiler) and high limit pressure or

temperature -control are below their cut-off set-
ting. Load demand light glows.

All entrance switches are closed and power is
present at the line terminals of the forced draft
fan starter. Power must also be present to the
starter of the oil pump mator, When the fuel is
heavy oil, power must also be present at the re-
lay terminals of the oil heater.

These sequences do not attempt to correlate the
action of the fuel supply system or feedwater
system except for the interlock controls that di-
rectly relate to the action of the programming re-
lay. Chapters 4 and 5 contain operating instrue:
tions and specific information on setting and ad-
justing the controls.

- B, CIRCUIT AND INTERLOCK
CONTROLS

The burner control circuit is a two wire system de-
signed for 115 volt, singie phase, 60 Hz (cycles).
alternating current.

The programming contral will also operate on 50
Hz, however, the timing values must be multiplied
by 1.2

Control circuit power is extended to programmer
terminals Ll and L2 and to the damper motor
transformer (DMT). The hot line is extended to
programmer terminals 3 and 4 thru limit controis.

The controls used in the limit circuit vary depend-
ing upon the fuel — oil or gas — and the specific
requirement of applicable regulatory bodies. Refer
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FIGURE 3.-2.

to the boiler wiring diagram to determine the con-
trols provided. The contrals normally used are
listed below and referred to in the fnllowmg

sequence:

Burner switch {BS)

Operating limit pressure or temperatiive control
(OLPC) (OLTC)

High limit pressure or temperature control
(HL.PC) (HLTC)

Low water cut-off (LWCQ)

Gasfoi]l switch (GOS) — combination burner
only

0il drawer switch (ODS) — ocil burner

- Low oil temperature switch (LOTS)
(No. 6 oil only)
Low gas pressure switch (LGPS)

High gas pressure switch (HGPS)
Proof of vaive closure (AS)

The controls used in the running interlock circuit
are:
Blower motor starter interlock (BMSI)
Combustion air proving switch (CAPS)
Atomizing air proving switch {AAPS)

C. SEQUENCE OF OPERATION —
Qil or Gas

Applicable to a standardly equipped boiler with
CB-20 fiame safeguard and program control
system,

This sequence covers burner operation from start-
up thru shutdown. No attempt is made to corre-
late the action of the fuel supply system or feed-
water system except for those controls that directly
affect the action of the programming relay. Refer
to the wiring diagram supplied for this boiler -

following this sequence. \)

-
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NOTE: The legend on the timer dial {Figure 1-7)
indicates the position of the timer and the
stage reached in the burner operating
cycle. The bar-gra.ph shown in Figure 3-1,
or on the wiring diagram, indicates the
sequence of the wvarious circuits. The
technical bulletin in this manual contains
& schematic wiring diagram that details
the timing sequence of the wvarious
programmer contacts. The following
description refers to the dial indication
and not to the timing, since the timer is in-
terrupted and governed by other compo-
nents during a normal cycle

On a oombmat:on fuel unit, the gas/oil switch must
be set for the proper :‘ue:. ]

With the programmer energized and with all other
operating conditions satisfied, the following pro-
gramming sequence occurs:

PRE-PURGE PERIOD

Diat at Dot )

When the burner switch is turned “on’’, power is
routed through the limit controls to terminals 3
and 4. Relay 1K is energized. Power is also routed

to the blower motor starter and the timer motor..

When firing oil, the air pump motor starter is also
powered.

Programmer terminals 10 and 13 are powered to
energize the damper motor which begins driving
the damper to the open or high fire position. This
allows a flow of purging air through the boiler
prior to ignition.

NOTE: When terminals 10 and 13 are powered,
the R-B (high fire) potentiometer circuit is
completed and the damper motor will
drive to its open or high fire position.
When terminals 10 and 16 are powered
the R-W (low fire) potentiometer circuit is
made and ‘the motor will return to its
closed or low fire position. In either in-
stance, neither the manual flame control,
the moduldting control nor the manual-
automatic switch have any effect on the
damper motor.

The running interiock circuit to terminal 12 must
be completed within 10 seconds after the start of
timer rotation.

Continuity of the interlocks listed below complete
this circuit which allows the sequence to continue.

In the event any of these are not ciosed at this
time, or'if they subsequently open, relay 1K will be
de-energized. The timer will complete its revolu-
tion to the starting position and the programmer
will recycle,

The blower motor starter interlock (BMSI) is
wired into the circuit to prove that the starter is
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energized and to interrupt the circuit if the star-
ter should be de-energized for any reason, '

The combustion air proving switch (CAPS) is
actuated by air pressure from the forced draft
fan to prove the presence of combustion air,

The oil drawer switch (ODS) must be made when
oil fuel is fired to prove that the burner gun is in its
proper position. The atomizing air proving switch
(AAPS) must be closed to indicate the presence of
alr from the air compressor before the fuel valve
circuit can be completed. When No. 6 oil is used,
the low oil temperature switch (LOTS) must be
closed to prove that the oil is heated to desired
temperature. i
On a gas fired burner, the low gaes pressurs switch
(L.GPS) and the high gas pressure switch (HGPS)
must be closed te prove sufficient but not excessive
gas fuel pressure.

Toward the end of the purging period, terminals
10-13 open and 10-16 close, The motor and damper
return to the closed or low fire position.

To assure that the system is in low fire position
prior to ignition, the low fire switch (LFS) must be
closed to complete an interlock circuit to terminal
14, The timer wiil stop until the damper motor has
returned to the low fire position and the contacts -
of the low fire switch are closed. -

NOTE: A burner start cannot be made if the
flame relay holds.in for any reason. If, af-
ter the first 15 seconds of pre-purge, the
flame relay should pull in for any reason
the ignition cycle cannot be started. In-
stead, the timer will complete its
revolution and lockout at the satart
position.

IGNITION PERIOD
Dial at “Pilot and Ignition™

- The ignition transformer (IT) and the gas pilot

valve {GPV) are energized from terminal &. The
pilot flame is ignited and as soon as it is detected,
flame relay 2K is energized.

The pilot flame must be established and proven
within a 10 second period in order for the ignition
cycle to continue. If for any reason this has not
happened, the aystem w:ll shut down and safety
lockout will occur,

With a proven pilot, the main fuel valve(s) (OV or
MGV) is energized from terminal 7. The fuel vaive

- light is also energized. Main flame is ignited,

After a 15 second trial period for the proving of -
main flame, power is removed from terminal 6 de-
energizing the ignition transformer and the pilot
valve. The pilot flame is extinguished. If for any
reason meain flame does not light or stay lit, relay
2K will drop out causing the fuel valve to close.
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A E
Ambar {Color of Pilot Light) e EDS .| Emuergancy Door Switch - j)
AAFL Atomizing Air Failurs Light -
AAPS Atomizing Air Proving Switch F
Alsrm Bell ' . : . . .
ACMCB Air Compressor Motor Cireuit Bresker ’ :gm. ;fﬂ',:,f?;.".:?: tn Prograss Light
ACMS Air Compressor Maotor Starter FOPS Fiow Ditferential Prassure Switch
AFSV Air Flow Solenoid Vaive FFL ‘| Flame Failure Light -
Auxiliary Gas Vaive FON Fan On
Alsrm Horn
ALWCO Auxitiary Low Water Control e oK Light
Ammeter EPM Feed Pump Motor
Atomizing Media Switch FPMS Feed Pump Motor Starter
Auxiliary Qii Vilve Fs Flaw Switch
Air Plrge Relay FVEL Fuel Vaive Energized Light
Alsrm Relay FVL Fusl Valve Light
Auxiliary Switch (Mountad on Damper Mosor! hd
Aizrm Silencing Switch G
Atomizing Steam Valve ]
Alarm Test Switch G A Green {Colar af Pilot Light)
GCAS Gas Cock Auxilisry Switch .
B GCS Gas Cock Switch ' A
Blue {Color of Pilot Light) ggts - g::::: g::: ::::::: Switch . -".._
Breeching Damper Closed Switch GOS Gas = Oil Switch .
Breeching Damper Open Switch sov Gas il Valve
Boiler ~ Header Switd} GPV Gas Pilot Vaive
:ailg‘r i:ﬂ()permion Light  ~ GPVV Gas Pilot Vent Vaive
lower Matar A o
Biower Motor Circuit Breaker GVEL Gas Vaive Energized Light
Biower Motor Fuses . H
Blowar Motor Starter '
Blower Motor Starter Interiock HATC High Ambient Temperature Contrg|
tincluded in BMS} HFAV High Fire Autormatic Valve
Blower Motor Selecior Switch HFOV High Fire OQil Valve
Burner Switch HFS High Fire Switch |
Boiler Selector Switch HFS-A " | High Fire Switch — Air e
Booster Water Pump Motar HGPL High Gas Prassure Light N
Booster Water Thermostat HGPS High Gas Pressure Switch ]
HLC High Limit Controt
C HLPC High Limit Pressure Control
HLTC High Limit Tei rature Control
Cambustion Air Adeguate Light ) HMC H::iar Moaul:l:;::.g Contral
Comt?ustinn Air Failure Light HOPL, High Oil Pressure Light
Capacitor: 0.005 MF, 600 Volis HOPS High Ol Prassure Switch
Combustion Air Proving Switch HOLDC Header Operating Limit Control -
Combustion Air Proving Relay HOLT High Oil Temperature Light
Contral Circuit ~ Circuit Breaker HOTS High Ol T.mp.mm",. Switch
Control c,rcu!g Fuse HSPC High Steam Pressure Contral
Control Circuit Transformer : HSPL High Steam Pressure Light
Canopy Light HWAR High Water Alsrrn Ruiay
Canopy Light Switch HWC High Wazer Controi
Contro! Powsr on Light HWL . - High Watar Light -
Control Aelay . '
Circulating Water Pump Switch
Circuiating Water Pump Motar
{.c} Instantansousiy Clossd
) D {1.0,) Instantenscusty Open
Disconnect {Entrance) Switch : :L ] :::::::: ;2: Light
Damper Motor Transformer IT ignition Teansformer

ELECTRICAL NOMENCLATURE USED IN WIRING DIAGRAMS
FIGURE 3-3
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LAMPS
LASPS
LoL
LDS
LFAV
LFL
LFOV
LFPS
LFTC
LFS-A
LFSF
LFS-G
LFS-0
LGPL
LGPS
LIAPS
LLTC
LoPL
LOPR
LOPS
LOTL
LOTS
LSPC
LTS
LWAR
LWCO |
LWIFFA
LWL

MAS
MAM

MDM
MFC
MFVEL
MFWY
MGV
MGVAS
MGVEL
MGVY
{MOM!
MOV
MOVAS
MPC
(MR)
MTC

ANCY)
INO}

00s

OHCB
OHF
OHR
OHS3
OHT
_oLe

L

Low Atomizing Media Pressure Switch
Low Atomizing Steam Pressure Switch
Load Demand Light

Low Draft Switch

Low Fire Automatic Valve

Low Fire Light

Low Fire Qil Vaive

Low Fire Pressure Switch

Low Fire Termperature Control

Law Fire Switch — Air

Low Fire Switch — Fuel

Low Fire Switch — Gas

Low Fire Switch — Qil

Low Gas Pressure Light

Low Gas Pressure Swilch

Low Instrument Air Pressure Switch
tow Lirmit Temperature Controt
t ow Oil Pressure Light

Low Oil Pressure Relay

Low Qil Pressure Switch

L.ow Oil Temperature Light
Low Oil Temperature Switch -
Low Steam Pressure Control
Lamp Test Switch

Low Water Alarm Relay

Low Water Cut Out

Low Water/Flame Failure Alarm
Law Water Light

Manual — Automatic Switch
Microammeter

Modulating Control

Modulating Damper Motor
Manual Flame Control {Patentiomater)
Main Fuel Valve Enerized Light
Motorized Feed Water Vaive
Main Gas Valve

Main Gas Valve Auaxiliary Switch
Main Gas Valve Energized Light
Main Gas Vent Valve

Momentary

Main Oil Valve

Matn Ol Valve Auxiliary Switch
Modulating Pressure Control
Manual Reset {Used as Suffix}
Modulating Temperature Control

N
Normally Closed
Normally Open

0
Qil Drawer interlock Switch

il Heater

Qil Heater Circuit Bruker
Qil Heater Fuses

Qul Heater Relay

" Oil Heater Switch

Oil Heater Tharmostat
Operating Limit Cantral

PAPS

PCL
FCR
PFPS
PHGPS
PIPL
Pis
PLGRS
POL
PPCL
PPL
PRL

PT
PTAS

58OV

‘ - SDhL

UVFD

VM

wcC
WCBDS

" Power On Light

Thermai Querloads

Oil Pump Motor

Qil Purge Relay

Qil Pump Switch

Qil Purge Valve

Oil Return Valve

Qii Selector Switch
Outdoor Thermostat

Oil Vaive .
Qil Valve Auxiliary Switch
0il Vaive Energized Light

P

Furge Air Proving Switch

Pump Control

Purge Complete Light

Pump Controi Relay

Positive Furnace Prassurs Switch
Pilbt High Gas Pressure Switch
Purge ireProgress Light

Pilat Ignition Switch

Pilot { ow Gas Pressure Switch
Plug Moid Strip

Pre-Purge Complete Light
Pre-Purging Light
Program Relay

Purge Resdy Light

Purge Start Switch
Purge Timer
Purge Timar Auxilisry Switch
R
Red (Calor of Pilot Light]
Rwnge Switch
S
Surface Blow Off Valve
Scanner

Steam Demand Light
Staam Heater Thermostat
Steam Heater Valve

Salactor Switch .
T
Time Closed
Time Open
Tarminat Block
Time Dalay
Transistorized Feed Water Relay
u
Ultra-Violet Fleme Detactor
v
Vaolt Mater
Vent Valve
w

White {Color of Pilot Lightl
Water Column
Water Column Blow Down Switch

ELECTRICAL NOMENCLATURE USED IN WIRING DIAGRAMS
FIGURE 3-3A




Chapter 3---Sequence of Operation

The safety switch will trip to lockout the control.
Refer to flame loss sequence section for description

of action.
| CAUTION i

The cause for loss of flame or any other unusual
condition should be investigated and corrected
before attempting to restart.

Dial at "Main Burner"

With the main flame established, terminals 10 and
11 are powered to transfer the modulating motor
circuit to either the manual flame contral (MFC)
or to the modulating control {(MC) depending upon
the setting of the manual-automatic switch (MAS).
This allows operation in ranges above low fire.

With the manual-automatic switch set at auto-
matiec, subsequent modulation will be at the com-
mand of the modulating control which governs the
position of the modulating motor. The air damper

- and the ¢am controlled metering valve are ac-

L]

tuated by the motor through a linkage and cam
asgembly to provide modulated firing rates,

NOTE: Narmal operation of the burner should be
with the switch in the automatic position
and under the direction of the modulating
control. The manual position is provided

" for initial adjustment of the burner over
the entire firing range. If operated in the
manuat position at other than low fire, the
pressure vessel metal and refractory are
subjected to undesirable conditions. The

effectiveness of nozzle purging is lost on a -

No. 6 oil burner.

This is the end of the burner starting cycle. The
timer stops. Demand firing of boiler continues as
required by load conditions.

BURNER SHUTDOWN
Dial at "“Post Purge"

The burner will fire until steam pressure or water
temperature in excess of demand is generated.
With modulated firing, the modulating motor
should return to the low fire positian before the
operating limit control opens. When the limit con-
trol circuit is opened, the following sequence oc-
curs:

Relay 1K drops out. The main fuel valve(s) is de-
energized and closes. Flame is extinguished and
flame relay 2K drops out. The blower motor con-
tinues to force air through the boiler in a post-
purge period. The load demand light and fuel
valve light are turned off. The timer begins
rotating.

On a No. 6 oil burner the air purge valve (APV) is

3.6

powered from terminal 8 via the contacts of the air
purge relay {APR).

Terminals 10-11 open and 10-16 close. The damp’
motor returns to the low fire position if it is not & )
ready in that position. \/)

At the end of the operating cycle, terminal 8 circuit
opens and de-energizes the blower motor. The air
purge valve is closed on a No. 6 oil burner. The
timer stops as it reaches its original position.

The control is now in readiness for subsequent re-
cycling and when steam pressure or water temper-
ature drops to close the contacts of the operating
control the burner again goes through its normal
starting and operating cycle.

D. SEQUENCE OF OPERATION —
Oil or Gas

Applicable to an optionally equipped boiler with
the CB-40 flame safeguard and program control
system.

The CB-40 control is used to comply with require-
ments of insurance underwriters such as Factory
Insurance Association (F.I.A.) and Factory Mutual
Engineering Association (FM) and certain .other
codes. This programmer contains several interlock
circuits requiring the use of some or all of the
following devices in addition to those mentioned ir y
Section B. Refer to the boiler wiring diagram to, ™
determine the controls provided and to follow this'._ )
sequence.,

High fire switch (HFS) — (F.LA)

Low oil pressure switch (LOPS)

High oil temperature switch (HOTS)} —
{F.LA)D

This sequence covers burner operation from start-
up thru shutdown. No attempt is made to correlate
the action of the fuel supply system or feedwater
system except for those controls that directly affect
the action of the programming relay. Refer to the
wiring diagram supplied for this boiler in following
this sequence.

NOTE: The legend on the timer dial (Figure 1-7)
indicates the position of the timer and the
stage reached in the burner operating
cycle. The bar-graph shown in Figure 3-2,
or on the wiring diagram, indicates the se-
quence of the various circuits. The techni-
cal bulletin in this manual contains a ‘
schematic wiring diagram that details the
timing sequence of the various program-
mer contacts. The following description
refers to the dial indication and not to the \

e
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timing, since the timer is interrupted and
governed by other compenents during a
normal cycle.

On a combination fuel unit, the gasfoil switch must
be set for the proper fuel.

With the programmer energized and with all other
operating conditions satisfied, the following pro-
gramming sequence OCCUrs:

PRE-PURGE PERIOCD
Dial at Dot

When the burner switch is turned “on’’, power is
routed through the limit controls to terminals 3
and 4. Relay 1K is energized. Power is also routed
to the blower motor starter and the timer motor.

- When firing oil, the air pump motor starter is-also

powered.

Programmer terminals 10 and 13 are powered to
energize the damper motor which begins driving
the daraper to the open or high fire position. This
allows a flow of purging air through the boiler
prior to ignition. The timer will stop until the high
fire switch (HFS) is made.

If proof of high fire position is not required, the
timer will not stop but will continue its cycle.

NOTE: When terminals 10 and 13 are powered,
the R-B (high fire) potentiometer circuit is
.completed and the damper motor will
drive to its open or high fire position.
When terminals 10 and 16 are powered
the R-W (low fire) potentiometer circuit is
made and the motor will return to its

closed or low fire position. In either in-.

stance, neither the manual flame control,
the modulating control nor the manual -
automatic switch have any effect on the
damper motor.

"The running interlock circuit (to terminal 12) must
be completed within 10 seconds after the start of
timer rotation to energize relay 3K.

Continuity of the interlocks listed below allows the
sequence to continue,

In the event any of these are not closed at this
time, or if they subsequently open, relay 3K will be
de-energized. This will prevent the fuel valve cir-
cuit from being energized, or. if occurring later into
the sequence, will de-energize this circuit. The
timer will complete its .revolution to the starting
position and the programmer will lockout.

The blower motor starter interlock (BMSI) is
wired into the circuit to prove that the starter is
energized and to interrupt the circuit if the star-
ter should be de-energized for any reason.

The combustion air proving switch (CAPS) is ac-
tuated by air pressure from the forced draft fan
to prove the presence of combustion air.

Chapter 3 Seguence of Operation

When cil is fired the atomizing air proving
switch {AAPS) must be closed to indicate the
presence of air from the air compressor.

The oil drawer switch (ODS) must be made when
firing on oil to prove that the burner gun is in its
proper position. The low oil pressure switch
(LOPS) must be closed to indicate that sufficient
fuel supply pressure exists.. The low oil tempera-
ture switch {LOTS) (and high oil temperature
switch (HO'TS), if used) must be closed to prove
that heavy oil is heated to, but does not exceed, the
desired temperature range.

On a gas fired burner, the low gas pressure switch
(LGPS) and the high gas pressure switch (HGPS)
must be closed to prove sufficient but not excessive
gas fuel pressure.

Toward the end of the purging period, terminals
10-13 open and 10-16 close. The motor and damper
return to the closed or low fire position.

NOTE: Extended pre-purge period.

Existing F.ILA. requirements and/or others require
additional pre-purge time beyond that normally
provided by the programmer. This is accomplished
through the use of a “purge extender’ that is
plugged into the programmer. This device zllows
the purging period to be extended by 30, 60 or 120
seconds depending upon the setting selected (refer
to instruction bulletin in the rear of this manual

for detaiis).

IMPORTANT: If the optional purge extender is
not used, the purge jumper provided with the re-
lay must be installed.

When the high fire switch closes, the purge ex-
tender is activated to provide the additional purge
time. The programmer timer is stopped and the
damper motor remains in high fire position until
this timing is completed. Upon completion, the
timer restarts and the damper motor returns to the
low fire position. ]

To assure that the system is in low fire positio
prior to ignition, the low fire switch (LFS) must be
closed to complete an interlock circuit to terminal
14. The timer will stop until the damper motor has
returned to the low fire position and the contacts
of the low fire switch are closed.

NOTE: The ignition trial cannot be started if for
any reason the flame relay pulls in during
the pre-purge. The timer will complete its
revolution and lockout at the start
position.

IGNITION PERIOD
Dial at “Pllot and [gnition”

The ignition transformer (IT) and gas pilot valve
(GPV) are energized from terminal 6 (or 5). The

3-7




Chapter 3 —Sequence of Operation

pilot flame is ignited and gs soon as it is detected,
flame relay 2K is energized.

NOTE: Depending upon the requirements of
regulatory or insurance body applicabie to
the installation, terminal 5 may be used
instead of terminal 6. Both provide the
same function but differ in time interval
allowed for proving main flame ignition,
Refer to the boiler wiring diagram.

The pilot flame must be established and proven
within 8 10 second period in order for the ignition
cycle to continue. If for any reason this has not
happened, the system will shut down and safety
lockout will oceur.

- With a proven pilot, the main fuel valve(s) (OV or
MGYV) is energized from terminal 7. The fuel valve
light is also energized. Main flame is ignited,

The trial period for the proving of main flame now
begins. It lasts for 15 seconds if the pilot system is
connected to terminal 6, or 10 seconds if connected
to terminal 5. At the end of the proving period, the
ignition transformer and the pilot valve are de-
energized. The pilot flame is extinguished. If for
any reason main flame does not light, or stay lit,
relay 2K wiil drop out causing .the fuel valve to

close. The safety switch will trip to lockout the -

control. Refer to flame loss sequence section for
description of action.

1» CAUTION '
The cause for loss of flame or any other unusual

condition should be investigated and corrected be-
fore attempting to restart.

Dial at “Main Burner”

With the main flame established, terminals 10 and
11 are powered to transfer the modulating motor
circuit to either the manual flame control (MF(C)
or to the modulating contro) (MC) depending upon
the zetting of the manual-automatic switch (MAS).
This allows operation in ranges above low fire.

With the manual-automatic switch set at auto-
matic, subsequent modulation will be at the com-
mand of the modulating control which governs the
position of the modulating motor. The air damper
and the cam controlled metering valve are ac-
tuated by the motor through a linkage and cam
assembly to provide modulated firing rates.

NOTE: Normal operation of the burner should be
with the switch in automatic position and
under the direction of the modulating con-
trol. The manual position is provided for
initial adjustment of the burner over the
entire firing range. If operated in .the
manual position at other than low fire, the
pressure vessel metal and refractory are

subjected to undesirable conditions, The
effectiveness of nozzle purging is lost on a
No. 6 oil burner. |

This is the end of the burner starting cycle. '.',j
timer stops. Demand firing of boiler continues” ug
required by load conditions.

BURNER SHUTDOWN
Diai at “post Purge”

The burner will fire until steam pressure or water
temperature in excess of demand is generated.
With modulated firing, the modulating motor
should return to the low fire position before the
operating limit control opens. When the limit con-
trol circuit is opened, the following SBGuence oc-
curs; :

Relays 1K, 3K and 4K drop out. The main fyel
valve(s) is de-energized and closes. Flame is ex-
tinguished and flame relay 2K drops out. The
blower motor continues to force air through the
boiler in a post-purge period. The load demand
light and fuel vaive light are turned off. The timer
begins rotating.

On a No. 6 oil burner the air purge valve (APV) ig
powered from terminal 8 via the contacts of the air
purge relay (APR). :
Terminals 10-11 open and 10-16 close, The damper
motor returns to the low fire pesition if it is not al-

At the end of the operating cycle, terminal 8 circui.‘\

opens and de-energizes the blower maotor, The air -
purge valve is closed en a No. § oil burner. The

timer stops as it reaches its original position.

The control is now in readiness for subsequent re-
cycling and when steam pressure or water tem.
perature drops to close the contacts of the opera-

ting control the burner again goes through its nor.-

mal starting and operating cycle.

E. FLAME LOSS SEQUENCE

The CB-20 and CB-40 programmers recycle
automatically each time the operating control
closes or after a power failure. Both will lockout
following a safety shutdown caused by failure to
ignite the pilot, or the main flame, or by loss of
ftame. Lockout will also occur if flame or flame
simulating condition occurs during the pre-purge
period. :

Both controls will prevent start-up or ignition if
the pre.ignition or air flow interlocks open. The
CB-20 control will recycle in an attempt to correct
the shutdown sityation {if it is self-correcting), The
CB-40 control will lockout upon any abnormal
condition affecting fuel or air supervisory controls,

k)

ready in that position. - L
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The lockout switch must be manually reset foliow-
ing a safety shutdown, A short cool down pericd is
necessary before the switch button can be de-
pressed and operation resumed.

| CAUTION }

The cause for loss of flame or any unusual con-
dition should be investigated and corrected before
attempting to restart.

A. No pilot llamae.

The pilot flame must be ignited and proven within
a 10.second period after the ignition cycle begins ~—
terminals 5 and § energized. The flame is proven
by the pull-in of relay 2K. If 2K is not energized
within this period, the fuel valve circuit (terminal
7) will not be powered and the fuel valve(s) will
not be energized. The ignition circuit is immedi.
ately de-energized and the pilot valve closed.

The blower motor will continue to operate. The
timer will stop after a short period of operation.
Approximately 30 seconds after the ignition circuit
is interrupted, the lockout switch (LS) will trip.
Master relay 1K is de-energized. The fiame failure
light and the alarm bell (optional) are energized.

The timer resumes operation. When the dial indi-
cator reaches the start or dot position the timer

and blower motor will be de-energized. The lock--

out switch must be manually re-set before opera-
tion can be resumed. (Refer to caution above.)

B. Pliot but no main flame. ~

If the pilot flame is proven, the main fuel valve cir-
cuit is energized from terminal 7. Depending upon
the length of the trial-for-ignition period, the pilot
flame will be extinguished 10 or 15 seconds later
— consult wiring diagram to determine whether
pilot circuit is connected to terminal 5 or 6. The
flame detecting circuit will break within 4 seconds
to drop out the flame relay 2K. The main fuel
valve circuit is de-energized to stop the flow of fuel.
The blower motor continues to run.

The lockout switch will trip approximately 30
secands later and relay 1K will be de-energized.
‘The flame failure light and alarm bell.{optional)
are energized. :

Chap te;- 3—-Sequence of Operation

The timer resumes operation. When the dial indi-
cator reaches the start or dot position the timer
and blower motor will be de-energized. The lock-
out switch must be manually reset before operation
can he resumed. (Refer to caution above.)

C. Loas of filame.

If a flame outage occurs during normal operation
and/or the flame is no longer sensed by the.de-
tector, the flame relay 2K will trip within 4 .ge-
conds to de-energize the fuel valve circuit and shut
off fuel flow. The blower motor continues opera-
tion, Approximately 30 seconds later the lockout
switch will trip to de-energize master relay 1K.
The flame failure light and alarm bell {optional)
are energized.

The timer resumes operation. When the dial indi-
cator reaches the start or dot position the timer
and blower motor will be de-energized. The lock-
out switch must be manually reset before operation
can be resumed. (Refer to caution above.)

If the burner will not start, or upon a safety lock-
out, the trouble shooting section in the operating
manual and the technical bulletin should be
referred to for assistance in pinpointing problems
that'may not be readily apparent. Familiarity with
the programmer and other controls in the system
can be obtained by studying the coutents of the
manual and this bulletin, Knowledge of the system
and its controls will make troubleshooting much
easier in the event it is necessary. Costly down time
or delays can be prevented by systematic checks of
the actual operation against the normal sequence
to determine the stage at which performance
deviates from normal. Following a routine may
possibly eliminate overlooking an obvious condi-
tion, often one that is relatively simple to correct.

Remember that this is a safety device and for the
most part it is doing its job when it shuts down or
refuses to operate. Never attempt to circumvent
any of the safety features,

Preventive maintenance and scheduled inspection
of all components should be followed. Periodic
checking of the relay to see that a safety lockout
will occur under conditions of failure to ignite
either pilot or main flame, or from loss of flame is
recommended.

3-9
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CHAPTER 4

STARTING AND OPERATING INSTRUCTIONS

. GAS PILOT
. ATOMIZING AIR

SXPOmMmoowp

A. GENERAL PREPARATION FOR
START-UP (ALL FUELS)

Instructions in this chapter assume that in-

.stallation is complete and that all electrical, fuel,

water and vent stack connections have been made.

The operator should have familiarized himself
with the burner, boiler, and all controls and com-
ponents. To quickly locate and identify the various
controls and components mentioned in the
following paragraphs refer to call-out photographs
and the contents of Chapter 1. Adjustment of the
major components are given in Chapter 5 and this
should be reviewed prior to firing. The wiring
diagram should also have been studied along with
the sequence in Chapter 3.

It is recommended that these starting instructions
be read through completely until they are thor.
oughly understood, BEFORE ATTEMPTING TO
OPERATE THE BOILER, rather than performing
each operation as, it is read for the first time.

Verify supply of fuel and proper voltage. Check for
blown fuses, open circuit breakers, dropped out
overloads, ete. Check resets of all starters and con-
trols hiaving manual reset features. Check the lock-
out switch on the programmer. and reset if
necessary. The timer dial sheuld be at the “dot”
symbol.

The boiler should be filled with water to the
proper operating level using water of ambient tem-

GENERAL PREPARATION FOR START-UP—ALL FUELS
CONTROL SETTINGS—STEAM AND HOT WATER

FIRING PREPARATIONS FOR NO. 2 OIL SERIES 100-200
FIRING PREPARATIONS FOR.-NO. 6 OIL SERIES 400-600
- FIRING PREPARATIONS FOR GAS SERIES 200-400-700
START-UP, OPERATING AND SHUTDOWN-—ALL FUELS
CONTROL OPERATIONAL TESTS AND CHECKS

perature. Make sure that treated feedwater is
available and used. In heating applications the en-

- tire system should be filled and vented.’Refer to

Chapter 2 for water requirements, On.a steam
boiler open the test valve (figure 1-1)-to vent air
displaced during filling. Leave test valve open un-

NS

til escape of steam is noted after burner is.

operating,
CAUTION

Prior to firing a boiler make sure that Hischarge
piping from safety valves or relief valves; and dis-
charge piping from all blowdown and drain valves
is piped to a SAFE point of discharge, so that
emission of hot water or steam cannot possibly
cause injury to personnel or damage to property.

Check all linkage for full and free movement of the
damper and metering valves and cams. This can
be done by loosening the linkage at the damper
motor connecting arm and manipulating linkage
by hand.

Check for rotation of all motors by momentarily
closing the motor starter or relay. Blower impeller
rotation is counter-clockwise when viewed from
front of boiler. Air pump rotation is clockwise
when viewed from its drive end,

Before operating boiler feed pump or oil supply
pump be sure zll valves in the line are open or pro-

perly positioned.

-



Chapter 4-—Starting and Operating Instractions

For safety’s sake make a final pre-start-up inspec-
tion especially checking for any loose or im-
completed piping or wiring or any other situations
that might present a hazard.

CAUTION }

Note that the pressure vessel support legs are weld-
ed to mounting skids in front and secured by bolts
at the rear of the pressure vessel. These bolts are
tightened for shipment but when the boiler is in-

stalled, and prior to initial firing, the bolts secur-

ing the rear legs to the skid must be loosened to
allow for expansion and contraction caused by dif-

ferences in temperature between pressure vessel

and skids.

B. -.CONTROL SETTINGS—STEAM
AND HOT WATER
See Chapter 5 for adjustment instrucfions for
fellowing contrals. .
Inspect operating limit control for proper setting,
(a} The pressure control on a steam boiler

should be set slightly above the highest .

desired steam pressure, but at least 10% low-
er than the setting of the safety valves.

{b) The temperature control on a hot water
boiler shouid be set slightly above the
-highest desired water temperature and
within the limits of the pressure vessel.

Inspect the high limit control for proper setting,

(a) On a high pressure steam boiler this should
be set approximately 10 lbs, above the oper-
ating limit pressure control setting, if fea-
sible, or midway between operating limit
pressure and safety valve setting. The setting
on a low pressure steam boiler may be 2 or 3
lbs. above the operating limit setting ‘but
must not exceed valve setting.

{b) On a hot water boiler the temperature con-
trol should be 5 to 10° above the operating
limit temperature control setting.

Inspect the modulating control for proper setting,

This control must be set and adjusted so that the
modulating motor returns to low fire position be-
fore the operating iimit control opens. It is further
desirable to have its low point setting somewhat
below the cut-in setting of the limit control so that
burner operates in low fire ‘position for a brief
period on each start rather than immediately
driving to a high fire position.

NOTE: The settings of all the above controis may
require some re-adjustment after boiler is

- Close all power entrance switches

started and running for a short period. The
scale settings on the controls are relatively
accurate, but are principally for use ag
guides. Final adjustment should be based
on and agree with the reading of the steam
pressure gauge or the water temperature
thermometer. '

Inspect the low water cut-off and pump coentrol as
well as the auxiliary low water cut-off {if equipped
with this optional device). Normally no adjustment
is required since these controls are pre-set by the
original manufacturer, Check for freedom of float
movement. Float movement can be verified by ob-
servating the level of the water in the gauge glass
when the water supply has been cut-off either by
the stopping of the feed pump or by the closing of a
valve, and the restarting of the pump or opening of
the valve when water is drained from the pressure
vessel. The importance of proper functioning of
low water controls cannot be over-emphasized.
Make sure that the control and the piping is
plumb.

The settings of controis relating to fuel, either oil
or gas, are covered in subsequent sections.

In the event the boiler is equipped with optiona)
control devices not listed here, be certain to ascer-
tain that their settings are correct, If additional in-
formation’ is required see your local Cleaver-
Brooks representative or contact Cleaver-Brooks.

On initial start-up or whenever the boiler is placed
into operation from a “cold”’ start, the manual-
automatic selector switch should be set at
“manual”’ and the manual flame control set at
“close’. After boiler is in operation and thoroughly
warmed the selector switch should be turned to
"automatic”, so that the burner firing rate may be
controlled by the modulating control in accordance
with load demands.
(supplied by
others). )

C. GAS PILOT

The gas pilot should be checked for satisfactory
performance prior to initial firing. Follow the pilot
flame adjustment instructions given in Chapter 5,

On initia] starting attempts several efforts might

be required to accomplish bleeding time of. pHot... .

line. While checking pilot adjustment observe
whether pilot flame is extinguished premptly when
burner switch is opened. Lingering flame is i
dicative of a leaking gas pilot valve and a ‘ton-
dition requiring correction before proceeding.

ES

D. ATOMIZING AIR %

The supply and pressure of thé atomizing aff
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oil fired burner should be checked. Before s"r .
inspect the oil pump lube oil level. Add oil if Heces-
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sary to bring the level to the mid point or slightly
higher of the sight glass. Use SAE 20 detergent oil
of a grade mentioned in Chapter 7 and. fill in ac-
cordance with instructions given there.

Check the oil level of the air intake strainer.

To verify air flow and pressure, flip the burner
switch “on” to energize the programming relay.
Immediately turn the switch off. The programmer
will continue thru its cycle, however, without
ignition or energizing the fuel valves. Observe the
reading on the air pressure gauge (figure 4-1), With
no oil flow the pressure should be a minimum of 7
psi.

If there is no pressure determine the cause and cor-
rect it before proceeding. Check for obstructions in
the air inlet line, incorrect rotation (air pump rota-
tion is clockwise), or a loose oil nozzle or other
leaks. If pressure is much higher without any oil
flow, check for obstruction in the discharge line or
at the oil nozzle.

The air pressure will increase when an oil flow
exists. At low firing rate, the air pressure may rise

- 1o 12 psi or more. At high fire THE AIR PRES-

SURE SHOULD NOT EXCEED 30 PSI. Greater
air pressure causes excessive wear of the air pump,
increases tube oil usage and can overload the mo-
tor.,

NOTE: Abnormally high pressure indicated on the
nozzle air pressure gauge is an indication
that the burner nozzle has become clogged.
In this event, check the nozzle and clean as
necessary.

E. FIRING PREPARATIONS FOR
NO. 2 OIL. (SERIES 100-200)

Prior to initial firing, ail flow and pressure should
be established and verified, Atomizing air pressure
should also be established as outlined in section D.
The schematic flow diagram (figure 1-11) indicates
the flow of fuel and atomizing air.

3
If the burner is a combination fuel model, make
certain that the main gas shutoff cock is closed and

' set the gas/oil selector switch to “oil”'. Insert the

burner drawer gun into its most forward position
and latch it in place. See Figure 4-1.

Oil Flow

Open all valves in the oil suction and oil return
lines.

If the.oil supply tank is located above the level of

the pump and flow to the pump is by gravity, then
it will usually be necessary to vent the suction line

‘to allow oil to fill the line. This can generally be

accomplished by cracking a union fitting, . or by
opening the cap of the oil strainer using care to

Chapter 4—Starting and Operating Instructions

prevent spillage of oil. Tighten fitting or cap as
soon as oil flow appears. :

If the oil supply tank is below level of oil pump, it
is MANDATORY that suction line to pump mu: /D;
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be completely filled . with oil prior to starting the
pump to avoid possibility of damage to the pump
gears through operation without the lubrication af.
forded by the fuel oil. Non-lubricating fluids such
as kerosene should not be used for priming,

Prior to priming the suction line and the initial
start, check to make certain that all plugs, con-
nections, etc., have been securely tightened to pre-
vent leaks.

If the fuel oil supply ariginates from a pressurized
loop, it is assumed that the pressure of the loop
will be at a minimum of 75 psi. Boilers would not
then have individual pumps furnished as standard
equipment. Under these conditions the relief valve
at the terminal bleck should be adjusted io the
point where it hecomes inoperative, :

A standardly equipped boiler has a selector switch
incorporated in the oil pump motor starter, Mo-
mentarily energize the starter to check for proper
pump rotation. With the rotatjon verified operate

.the pump to determine that oil circulation exists,

Observe the oil burner pressure gauge for indi-

cation that flow is established. If no pressure |

shows on this gauge after a few moments stop the
oil pump and re-prime. If the supply tank is lower
than the pump, it is possible that the initial
priming of the suction line, followed by operation
of the pump, will not establish oil flow. This might
be caused by obstruction in the suction line, ex-
cessive lift, inadequate priming, suction line leaks,
etc. If oil flow is not readily established, avoid pro-
longed operation of the pump to minimize risk of
damage to internal parts of the pump. If oil flow is

not established after a second or third priming at-’

tempt, a full investigation is required to determine
the cause. '

A vacuum {or a compound pressure-vacuum)
gauge should be installed at the suction port of the
pump and its reading observed and recorded for
future guidance. If a vacuum condition exists, this
reading will reveal the tightness of the system. It is
advisable to maintain the vacuum reading at less
than 10" W.C. A vacuum in excess of this may
allow oil to vaporize causing cavitation, loss of
prime and -unstable firing condition.

Oil Pressure

Oil supply pressure is regulated by adjusting the
pressure relief valve at the oil terminal block,
(figure 1-1). A pressure gauge should be installed
in the terminal block and the relief valve adjusted
to obtain 2 minimum reading of 75 psi when the
burner is firing at maximum rate.

When oil is supplied from a pressurized loop to a
multiple boiler installation, the relief valve in the
loop should be properly adjusted to provide this
reading. In this circumstance, the relief valve at
the terminal block should be adjusted to the point
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where it will be inoperative (or removed and
operings plugged). To render inoperative, turn ad-
justing screw in as far as possible,

Adjustment may also be required to the regulator

.oen the fuel oil controller (Figure 1-5). This

pressure regulating valve is equipped with tubing
that directs and adds atomizing air pressure to the
adjustable spring pressure. Since ajr pump is not
running at this time only tentative ad justment can
be made. Without this air supply, adjust the fuel
oil pressure regulator so that the oil burner gauge
Tegisters approximately 35 psi.

The pressure gauge will indicate a higher reading
when flame is present. The pressure will increase
&8 the firing rate:increases and vice versa. After
the burner is firing and when the air pump is run-
ning, final adjustment can be made to this valve.

Final regulation of oil flow to the nozzle can he
done later, if necessary, by adjusting the metering
cam screws as outlined in Chapter 5.

Suggested oil pressures at high fire operation:

Oil Supply ........0................... 75 psi.
" Oil Burner Pressure ................ 30-45 psi
Starnting

When all the conditions covered ahove and in sec-
tions A, B, C and D are assured the burner js ready

for firing. Refer to section H of this chapter for fur-
ther starting and operating information.

F. FIRING PREPARATIONS FOR
NO. 6 OIL (SERIES 400-600)

Prior to initial firing, oil flow, pressure and tem-
perature should be established and verified. Atom-
izing air pressure should also be established as
outlined in Section D. The schematic flow diagram
(figure 1-12) indicates the flow of fuel and atomiz.
ing air.

If the boiler is a combination fuel model, make cer-
tain that the main gas shut off cock is closed and
set the gas/oil selector switch to “oil”’. Insert the
burner drawer gun into its most forward position
and latch it in place. See Figure 4-1.

Oll Flow

Open all valves in the oil suction and oil return
lines. Open the by-pass valve on the fuel oil con-

troller (figure 1-6) until oil flow is established.

Normally the orifice valve is left in a closed
position. However, on cold starts it may be opened
for brief periods to aid in establishing oil flow. The
by-pass and orifice vaives must be returned to
closed position as soon as proper oil flow is
established as indicated by a reading on the oil
supply pressure gauge (figures 1-2 and 1-8). Do not
attempt to set pressures while valves are open,




i- Momentarily energize fuel oil pump starter to
check for proper pump rotation. With the rotation

* verified, prime the suction line strainer with oil
and start the fuel oil pump by closing its power en-
trancé switch. Observe the oil supply pressure
gauge for indication that oil flow is established. If
no pressure shows on gauge after a few moments
stop the oil pump and re-prime. Heavy oil in the
storage tank must be at a:temperature to provide
oil viscosity to permit flow through the oil pump
and suction line. If oil flow is not established after
priming pump on one or more occasions, conditions
preventing cil flow must be determined and cor-
rected to avoid damage to the pump’s internal

- ‘mechanism.

- A. vacuum (or' a compound pressure-vacuum)
gauge should be installed in the oil suction line
and its reading observed and recorded for future
guidance. This gauge reveals the tightness of the
system,

Oll Pressure

Oil pressure is regulated in several areas. The first
is at the relief valve at the oil heater (figures 1.2
and 1-8). This should be set so that at maximum
firing rate a minimum reading of 75 psi is obtained
on the oil supply pressure gauge.

The other pressure adjustments are to the regu-
lators on the fuel oil controller {figure 1-6). Both
the pressure regulating and the back pressure relief
valves are equipped with tubing that directs and
adds atomizing air pressure to the adjustable
spring pressure. Since air pump is not running at
this time only tentative adjustments can be made.
Without this air supply, adjust the fuel oil pressure
regulator so that the burner oil gauge registers ap-
proximately 35 psi. Adjust the back pressure relief
valve so that its gauge reads about 10 psi less than
the burner gauge.

After the bumer is firing further adjustments can
be made if necessary to these valves. '

The pressure gauges will indicate higher readings
when flame is present. The pressure will increase
as the firing rate increases and vice versa. The
pressure reading on the two gauges on the con-
troller will, despite this fluctuation, retain a nearly
constant difference of 10 psi.

Final regulation of oil flow to the nozzle can be
done, if necessary, by adjusting the metering cam
screws as outlined in Chapter 5.

Suggested oil pressures at high fire operation:
Oil supply pressure gauge 75 psi (minimum at
maximum firing rate). ’

Oil burner pressure gauge 40-50 psi.

Oil return pressure gauge 10 psi less than oil
supply pressure,

Chapter 4—Starting end Operating Instructinns

OH Temperature

} CAUTION !

Va

f

Before turning on electric oil heater switch, make \__J

certain that the heater shell is filled with fuet oil
as indicated by proper pressure reading on fuel oil
pressure gauge. :

After determining that heater sheil is filled and
that fuel oil circulation exists, turn the oil heater
switch to “on"’. Adjust the electric oil heater ther-
mostat (Figures 1-2 and 1-8) to maintain oil tem-
perature at approximately 200°F,

The electric heater on burners eguipped for No. 6
fuel oil i sized =0 that it iz capable of supplying
heated oil at a rate no greater than that required
for low fire operation and is primarily supplied for

convenience on cold starts, Heating coils utilizing -

either steam or hot water are supplied to provide
sufficient quantities of oil so that higher rates of
firing can be accomplished once steam pressure or
hot water is available. In normal operation the
thermostat governing the electric heating element
is kept at a lower setting than the thermostat
governing admiesion of steam to the heater, or of

hot water circulation, so that heating is not per- _

- formed electrically except when steam or hot water

is not available.

Set the steam thermostat (Figure 1-8) or the hot
water thermostat (Figure 1-2) to maintain an oil
temperature of 220.230°F. The electric heater will
be turned off automatically as soon as steam or hot

. water provides heat,

NOTE: The temperatures listed are tentative. The .

composition of the fuel oil in a given grade
can vary necessitating a higher or lower
preheating temperature. The viscosity of
the oil at the nozzle should be léss than
300 SSU and preferably less than 150 S5,
The actual temperature of the oil at the
burner should be determined by flame ap-
pearance and good combustion based on a
stack analysis. See Chapter 5 for ad.
ditional information.

. Close the manual by-pass valve after temperature

rise on the fuel oil controller thermometer i noted.
Make certain that hot oil is moving through the
controlier. The orifice gate valve must also be
closed. If temperature drops, open the orifice gate
valve until a rise is noted, then close it,

Once the correct setting of the heater thermostats
has been established, set the low oil temperature
switch (Figures 1-2 and 1-8) at a point approxi-
mately 30° lower than the normal burning tem-
perature. If the system is equipped with a high oil
temperature switch this should be set to open at 20
to 30° higher than normal burning temperature,

4.5



3
i

Chapter 4—Starting and Operating Instructions

Starling

When all the conditions covered above and in sec-
tions A, B, C and D are assured the burner is ready
for firing. Refer to section H of this chapter for fur-
ther starting and operating information.

G. FIRING PREPARATIONS FOR
GAS (SERIES 200-400-700)

Prior to initial starting check the linkage attached
to the gas butterfly valve to see that movement is
free from binding. )

Verify the presence and availability of gas. On a
new installation, representatives of the gas utility
should be present when gas is {irst turned into the
system to supervise purging of the new gas line un-
less they have already doné 9.

Determine that pilot is operating properly as out-
lined in Section C of this chapter. -

Determine that suffi¢ient pressure exists at the en-
trance to the gas train. This can be done by in-
stalling a test gauge downstream of the regulator,

The gas pressure regulator must be adjusted to the
proper pressure -level. Since this regulator is
generally supplied by others, adjustment should
proceed according to instructions supplied by its
manufacturer,

"~It is necessary for the operator to know the burner

requirements in gas quantity and pressure. This in-
formation can generally be found on the dimension
diagram supplied for the particular installation,
Should this information not be readily available,
consult the Cleaver-Brooks ‘Service Department
giving boiler serial number. Chapter 5 contains ad-
ditional information along with standard gas flow
and pressure reguirements. This section should be
completely reviewed prior to start-up. '

If the burner is a combination fuel model, set the
gas/oil selector switch to “gas”’. Withdraw the oil
burner gun and latch it in its rearward position.

On initial start-up it is recommended that the
main gas shut-off cock (figure 1-3) remain closed
until the programmer has cycled through pre-purge
and pilot sequences. Then as dial indicates “main
burner” observe the action of the motorized g8s
‘valve stem to determine that it opens when ener-
gized. As soon as this is confirmed, turn the burner
switch “off’’ and let programmer finish its cycle.
Check to see that gas valve has closed. Again turn
burner “on’”" and when dial indicates “main- bur-
ner” slowly open the niain gas cock. Main flame
should ignite unless there is air present in the line,
If flame is not established within about 5 seconds
turn the burner switch “off’ and allow program-
mer to re-cycle normally for a new lighting trial,
Several efforts may be necessary to “bleed" air
from ‘the line. '
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CAUTION "}

Do not repeat unsuccessful lighting attempts with-
out re-checking burner and pilot adjustments if
lighting does not occur within 5 seconds after fuel
introduction is verified or can be reasonably
assumed.

NOTE: The burner and control system is designed
to provide a “pre-purge” period of fan
operation prior to establishing ignition
spark and pilot flame. Do not attempt to
alter the system or to take any action that
might circumvent this feature,

Once main flame is established observe that it is
extinguished promptly when burner is shut down.
Fiame may continue to burn for a second or two af-
ter ‘normal shutdown due to the gas remaining
downstream from the fuel valve. If flame continues
to burn for a longer peried or during blower motor
spindown, immediately turn burner switch off and
close main gas cock. Investigate and correct the
cause of valve leakage before relighting.the burner.
The main gas valve is tight seating provided -
nothing prevents tight closure. Foreign material
may be present in either new or renovated gas lines
unless adequate care is taken in cleaning and
purging. ‘

When the conditions covered above and in Sections
A, B and C are-assured the burner js ready for fir-
ing. Refer to Section H of this chapter for further
starting and operating information.

H. STARTUP, OPERATING AND
SHUTDOWN—ALL Fl_lELS
Depending upon fuel being burned,'the applicable
previous sections in this chapter should -be

reviewed for preliminary instructions,

_When firing with oil make certain that the burner

gun is in its most forward position and latched in

place. See figure 4-1. When- firing with gas the bur-

ner gun should be properly withdrawn and latched

in place. The fuel selector switch should be accord.

ingly set to either *“oil"’ or “gas”.

Set the manual-automatic switch (figure 1-7) to

“manual” and turn manual flame control to

“close'’, *

Turn burner switch to “on". Load demand light

should glow, Low water level light should remain

out indicating safe water level in beiler.

The programmer is now sequencing. See Chapter 3

for sequence details.

NOTE: On an initial starting attempt, several ef-
forts might be .required to accomplish
“bleeding’’ of fue! lines, main or pilot, If
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ignition does not then occur, do not repeat
unsuccessful attempts without rechecking
burner and pilot adjustment. '

On ignition failure the flame failure light will glow
and the blower will purge the boiler of unburned
fuel vapors before stopping. After ignition failure
wait a few moments before re-setting the lockout

switch.
CAUTION !

Do not: re-light the pilot or attempt to start the
main burner, either oil or gas, if combustion cham-
ber is hot andfor if gas or oil vapor combustion
gases are present in the furnace or flue passages.
The burner and control system is designed to pro-
vide a “pre-purge’’ period of fan operation prior to
establishing ignition spark and pilot flame. Do not
attempt to alter the system or take any action that
might circumvent this feature.

" After main flame ignition the burner should be left

on manual control at its low fire setting (that is,
with manual flame control at “close’”} for about 30
minutes or until boiler is properly warmed, unless
it regches its normal operating pressure or tem-
perature sooner,

In the case of a steam boiler, CLOSE THE TEST
VALVE when steam begins to appear

A hot water boiler must have a continuous flow of
system water through the vessel during warm-up
period. The entire water content of the system and
boiler must be warmed prior to increasing fuel in-
put.

If flame at low fire setting is insufficient to reach
normal operating pressure or temperature after 30
minutes, gradually increase the firing rate by turn-
ing the manual flame control in one point incre-
ments to no higher than the midpoint between
close and open. Operate at this increased fuel input
rate for a period of time unti} an increase is noted
in pressure or temperature. Sustained operation of
the beiler should never be maintained when the
manual control is set beyond midpoint.

After unit is thoroughly warmed, turn the manual
flame control to high fire. At this point a com-
bustion analysis shouid be made, with instruments,
and fuel flow regulated as required. Refer to ad-
justment procedures in Chapter 5. After making
the high-fire adjustment manually position the
burner over-the range from high to low fire stop-
ping at intermediate points, analyzing combustion
gases and adjusting as required.

To properly perform this testing and adjusting, it is
necessary that burner be allowed to fire at maxi-
mum rate sufficiently long enough to achieve
desired results.

Chapter 4—Starting and Operating Instructions

Operating

Normal operation should be with the manual-
automatic switch set at “auto” and under the con-
trol of the modulating pressure or temperature

control. If operated in the manual position at other k.

than low fire, the pressure vessel metal and re-
fractory are subjected to undesirable conditions.

With the switch set at “auto’’, burner will aperate
on a modulating basis according to the lead

-demand,

The burner will continue to operate with modu-
lated firing until operating limit pressure or tem-
perature is reached, unless: -

{a) burner is manually turned “off’’,

{b) low water condition is detected by low water
level control.

{c) current or fuel qupply is interrupted.

(d) pressure of combustion (or atomizing) air
" drops below minimum level.

NOTE: There can be other reasons for shutdown
such as motor overload, flame outages,
tripped circuit breakers, blown fuses, or
through other interlock devices in the cir-

cuitry.

When the burner is shut down normally, by either -

the operating limit control or by manually switch-
ing burner off, the load demand light no longer
glows.

Shutdown through conditions causing safety or iri-
terlock controls to open will actuate the flame fail-
ure light (and alarm if so equipped) and the load
demand light will remain lit. The cause of this type
of shutdown will have to be located, investigated,
and corrected before operation can be resumed.
Refer to the “trouble.shooting’’ section.

Shutdown

When the operating limit control setting is reached
to open the circnit or if the burner switch is turned
“off”’, the following sequence occurs:

The fuel valve(s) is de-energized and flame extin-
guished. The timer begins operation and the blow-
er motor continues running to force air through the
furnace in the post-purge period.

At the end of the programmed post-purge period
the blower motor is de-energized. The air pump
motor of an oil-fired burner is also de-energized.
The timer has retarned to its original starting |,
position and stops. Unit is ready to re-start.

J
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i CA-UYION i

It is advisable to check for tight shutoff
of fuel valves, Despite precautions and
strainers, foreign material in either new
or renovated fuel lines may lodge under
& valve seat preventing tight closure.
This is especially true in new installa-
tions. Promptly correct any conditione
causing leakage,

J. CONTROL Ol;’ERATlONAL TEST
AND CHECKS

Proper operation of the various controls should be
verified and tested when the boiler is initially
placed into service or whenever a control is
replaced. Periodic checks should be made thereaf-
ter in accordance with a planned maintenance
program. .

The operating limit control may be checked by
allowing steam pressure or water temperature to
increase until the burner shuts down, Depending
upon the load, it may be necessary to manually in-
crease the. firing rate to raise steam pressure to the
burner shut off point. If load is heavy, the header
valve can be closed or throttled until the pressure
increases. Observe the steam gauge to -check the
cutoff pressiure as the operating limit control shuts
the burner down. Open the header valve to release

steam pressure or veént steam and check the cut-in
setting as the burner restarts. Check the
modulating control for desired operating pressure
range. See Chapter 5 for instructions on the adjust-
ment of controls, : ‘

Water temperature, on a hot water boiler that may
be operating at.less than full load, may be raiged
by manually increasing the firing rate unti] the
burner shuts down thry the #ction of the operating
limit control. Observe the thermometer to verify
the desired settings at the point of cut-out and
again when burner restarts. Return the manual
automatic switch to "automatic” and check the
modulating control for the desired temperature
range. See Chapter 5 for instructions on the ad-
justment of the controls,

Observe the ignition and programming control
operations to make sure that they are correct.
Check the proper operation and setting of the low
water cut-off (and pump operating control, if used).

Proper operation of the flame failure device should
be checked at time of starting and at least once a
week thereafter. Refer to Chapter 7 for in.
formation on flame safety checks.

Check for tight shut.off of all fuel valves. Despite
precautions and strainers, foreign material may
lodge under a valve seat preventing tight closure.
Promptly correct any conditions causing leakage.

Refer to adjustments procedures and maintenance
instructions, given in Chapter 5 and 7.
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CHAPTER 5 .

ADJUSTMENT PROCEDURES

GENERAL -
MODULATING MOTOR
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A, GENERAL

While each boailer is tested for correct operation be-
fore shipment from the factory, variahle conditions
such as burning characteristics of the fuel and
operating load conditions may require further ad-
justment after installation to assure maximum
operating efficiency and economy.

A combustion efficiency analysis made during the

" initia] staft-up will help to determine what ad-

ditiona! adjustments are required in a particular
inatallation.

Prior to placing the boiler into service, a complete
inapection should be made of all controls, connect-
ing piping, wiring, and all fastenings such as nuts,
boits and setscrews to be sure that no damage or
misadjustments occurred during shipment and in-
stallation.

The adjustment procedures in this chapter apply to
standard components furnished on steam or hot

LINKAGE—MODULATING MOTOR AND AIR DAMPER

MODULATING MOTOR SWITCHES--LOW FIRE AND HIGH FIRE -
OPERATING CONTROLS—GENERAL

MODULATING PRESSURE CONTROLS—(Steam)
OPERATING LIMIT PRESSURE CONTROL—(Steam)

HIGH LIMIT PRESSURE CONTROL—(Stsam) .
MODULATING TEMPERATURE CONTROL—(Hot Water)
OPERATING LIMIT TEMPERATURE CONTROL—{Hot Water)
HIGH LIMIT TEMPERATURE CONTROL—(Hot Whater)

LOW WATER CUT-OFF DEVICES

COMBUSTION AlR PROVING SWITCH

ATOMIZING AIR PROVING SWITCH

GAS PILOT FLAME ADJUSTMENT :

GAS PRESSURE AND FLOW INFORMATION

GAS FUEL COMBUSTION ADJUSTMENT

LOW GAS PRESSURE SWITCH

‘HIGH GAS PRESSURE SWITCH

FUEL OiL PRESSURE AND TEMPERATURE--GENERAL
FUEL OIL COMBUSTION ADJUSTMENT

BURNER DRAWER ADJUSTMENTS

LOW OIL TEMPERATURE SWITCH

HIGH Oll. TEMPERATURE SWITCH

' LOW OIL PRESSURE SWITCH

. ELECTRIC OIL HEATER THERMOSTAT

. STEAM OIL HEATER THERMOSTAT

. HOT WATER OIL HEATER THERMOSTAT
. STEAM HEATER PRESSURE REGULATOR

water boilers fired with gas andfor the various
grades of oil,

The descriptive heading will aid in readily deter-
mining those procedures that are applicable to
your boiler. Wherever practical, the heading con-
tains the manufacturer's name and model and the
boiler series. Contact your Cleaver-Brooksa
representative or the Cleaver-Brooks Service
Departnient for recommendations covering special
adjustments that are not included in this chapter.

B. LINKAGE--MODULATING MOTOR
AND AIR DAMPER

The linkage consists of the various arms, connect-
ing rods, and swivel ball joints that transmit
motion from the modulating motor to the metering
cam(z), to the rotary air damper, and to the gas
butterfly valve, if used.

)
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NOTE: SETTINGS IN DIAGRAM '
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SETTING OF LINKAGE,

BUTTERFLY
GAS VALVE

When properly adjusted a co-ordinated movement
of the damper and metering cams within the limitg
of the modulating motor travel is attained to
provide proper fuel-air ratios through the firing
range.

In linkage adjustments there are several important
factors that must serve as guides.

(&) The modulating motor must be able to com-
plete ite full travel range. Restrictions will
cause definite damage to this motor,

(b) Initia] ad justment should be made with the
motor in a full closed position, that is with
‘the shaft on the power end of the motor in its
most counterclockwisge position,

(c) The closer the connector is to the drive shafi
. ) the less the arm wil] travel, -while the cloger

FIGURE 5-1. COMPLETE LINKAGE ASSEMBLY - COMBINATION GAS AND OIL

the connector is to the driven shaft the far-

ther that arm will travel,

(d} Over-trave] linkage, where used, should not
be required to extend its spring .to fullest
stretch,

With the modulating motor in the low fire position,
the arm on its shaft should be at an angle of 45¢
below the horizontal, The driven arm on the jack
shaft should be parzallel to this. Secure bath armg
and fit the connecting linkage rod in place between
them. Refer to Figure 5-1, )

Pogition the oil and/or gas modulating cams (Fig-
ures 3-3 and 5-4) on the jack-shaft so that the cam
follower assembly is at itg lowest point,

In this position fuel delivery is at low fire rate. Se.
cure cams with the setscrews.

i
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JACK SHAFT ~eree-
ROTARY AR -
' DAMPER ARM
5TOP ROTARY AR
SCREW DAMPER

DIFFUSER
PLATE

DAMPER
ARM

FIGURE 5-2, ROTARY AIR DAMPER
3/4 VIEW

Refer to Figure 5-2. The stop screw in the rotary
air damper limits damper travel at both closed
{low fire) and fully opened (high fire) positions.
This screw is provided so that it is possible to tell,
even with the burner in place, whether the damper
rotor is in fully opened. or closed position by

"rotating the damper open and closed by means of
the damper arm. Normally, the rate of flow of air

through the damper with the rotor in low fire
position is about one-third of maximum.

The amount of angular movement controlling the
rate of air flow is determined by the location of the
ends of the rotary air damper rod in both the jack
shaft arm and the air damper arm.

When the air damper is in low fire position, both
the jackshaft arm and the rotary air damper arm
should make an angle of approximately 60° below
the horizontal (Figure 5-1), This is to insure that
the angular movement of the damper starts slowly,
increasing in speed as the high fire position is ap-
proached.

Prior to initially firing a boiler it is advisable to
check for free movement of the linkage. The damp-
er motor must be allowed to complete its full
stroke and the damper must move from low to high

fire position.

Adjustment of linkage connected to a gas butterfly
valve is described in Section Q of this chapter.
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C. MODULATING MOTOR
(HONEYWELL M@54B OR M954C)

/jf

-/ The modulating motor used in this-application has
a 90° shaft rotation. The motor manufacturer also
provides a 160° stroke model for other applications.
If a replacement is not obtained from a Cleaver-
Brooks Service-Parts Agency, it may havé an incor-
rect stroke. To prevent damage, determine the 90°

_ stroke prior to installing a replacement.

This may be determined either by visual inspection
of the power end shaft or by powering the motor
and connecting terminals R-B-to actually deter-
mine the stroke as motor drives to an open
position.

_ The closed position of the motor (normal condition
of replacement motor} is the limit of counterclock-
wise -rotation as viewed from the power end of the
motor. In this position the flat part of the shaft is

45 degrees from the horizontal on 90 degree stroke
motors and 10 degrees from horizontal on 160
degree stroke .motors.

D. MODULATING MOTOR SWITCHES—
LOW FIRE AND HIGH FIRE

The modulsting motor contains either one or two
internal switches depending upon application.
These single pole double throw micro-switches are
actuated by adjustable cams attached to the motor
shaft,

Factory replacement motors have the cams pre-set.
The low fire start switch is set to make the red and
yellow leads at approximately 8 degrees on motor
closing. The high fire purge air proving switch
(M954B motor) is set to make red and blue tracer
leads at approximately 60 degrees on motor

N
J ’ BALANMCING RELAY

LOCKING SCREWS

LOW FIRE SWITCH
(BLUE COLOR CODE)

COLOR CODE MARK

10 DEGREE SCALE MARKS

® 5

MOTOR SHOWN IN
APPROXIMATELY MID-POINT

POSITION
MOTOR QPEN
— T —
MOTGR CLOSED
p——————

LIMIT ARMS 1IN EXTREME
DOWNWARD POSITION

HIGH FIRE SWITCH
(RED COLOR CODE}

CPERATIONAL CAM
LOCKING SCREW

OPERATIONAL CAM

DIFFERENTIAL CAM
LOCKING SCREW

DIFFERENTIAL CAM

5-4

FIGURE 5-5. DAMPER MOTOR MODEL M954B DISASSEMBLED AUXILIARY END VIEW
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LOW FIRE SWIYCH LEADS.
RED AND YELLOW MAKE
AT APPROXIMATELY 10
DEGREES ON MOTOR CLOSING
(BLUE NOT USED) ’

HIGH FIRE SWITCH LEADS.
RED AND BLUE MAKE
AT APPROXIMATELY &0

2

(YELLOW NOT USED)

HIGH FIRE SWITCH

DEGREES ON MOTOR OPENING

RED AND YELLOW LEADS
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LOCKING SCREW s .
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LOW FIRE SWITCH
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r——
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e,

NOTE: MOTOR SHOWN IN°

3
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opening. Ndrmall_v these settings are left ag is but
job conditions may require re-adjustment.

If cams require adjustment or re-setting proceed as
follows:

M854C Motor (One switch)
(Figure 5-7)

The following approximate method, not requiring
running the motor, is suggested.

{z) Remove the auxiliary end cover. Be careful
not to lose the spring and two washers.

(b) With the motor in a closed position loosen
the operation cam lock screw. DO NOT
loosen the locking screw on the differential
cam as this is a factory-set adjustment.

{c) Using the 10 degree marks and the cam roller
as a guide, rotate the cam clockwise through
an arc equal to the number of degrees the
motor should travel before the switch
operates.

(d) When used for low fire start purposes this

: setting can be slightly before the first 10
degree mark. When properly adjusted, the
switch should make—red to vellow—when
the cam is approximately 10 degrees from
reaching closed position.

(e) Tighten the aperational cam locking screw
. and feplace the two washers, spring and
auxiliary end cover,

M354B Motor {Two switches)
(Figure 5-5)

The following approximate method, not requiring
running the motor, is suggested. The switches and

their cams are color coded as follows: inner cam

and left switch - blue dots; outer cam and right-

hand switch - red dots,

{a} Remove the auxiliary end cover. Be careful
not to lose the spring and two washers,

(b) Remaove the outer cam assembly (red dot)
and set it aside. Note that both cams have
two parts; an operational cam and a dif-
ferential cam. The differential cam is not
utilized in our application,

(c) With the motor in a closed position loosen
the operational cam locking screw on the
remaining cam {blue dot).

(d) Using the 10 degree marks and the cam
roller as a guide. rotate cam clockwise
through an arc equal to the number of
degrees the motor should travel before the
switch operates.

(e} When this switch is used for low fire start
purposes the setting can be slightly before the
first 10 degree mark. When properly ad-
justed, the switch should make - red to yellow

- when the cam is approximately 10 degrees
from reaching closed position. :

(f) Tighten the operational cam locking screw.

(g} Replace the outer cam (red dot) making sure
that driving dogs are engaged.

(h) Loosen the operating cam locking screw.
Using the 10 degree marks and the cam
roller as a guide rotate cams clockwise
through an arc equal to the number of
degrees the motor should travel before the
switch operates.

(i) When this switch is used for high fire air
proving purposes, the setting can be ap-
proximately 60 degrees. When properly ad-
justed, the switch should make - red ta blue -
when the cam is approximately 60 degrees
towards the open position.

(j) Tighten the operational cam locking screw,

{k) Before replacing the two washers, spring and
auxiliary cover, run the motor and check
operation of the low fire switch and high fire
switch to see If they open and close at the
required setting.

E. BURNER OPERATING CONTROLS—
GENERAL

In general, when adjusting controls check to see
that they are level, especially those containing
mercury switches. On temperature sensing controls
make sure that the bulb is properiv'hottomed in its
well and that connecting tubing-is not kinked.

Controls are carefully calibrated during their
manufacture and do not normally require re-
calibration. The dial settings are generally quite
accurate although it is not unusual to have a slight
variation hetween a scale setting and an actual
presstre gauge or thermometer reading and to re-
adjust control setting to agree with these readings.
This is predicated, however, on pressure gauges
and thermometers being accurate.

Burner controls properly set to match load de-
mands will provide operational advantages and
achieve the following desirable objectives:

(a) The burner will be operating in low fire posi-
tion prior to shut down,

{b) The burner will operate at low fire for a brief
period on each start during normal
operation.

(c} Eliminates frequent burner on-off cycling:

Figure 5-8 depicts a typical relationship of the set-
ting of the operating limit control and the modu-
lating control. Please note that this is naf drawn to
any scale. The burner will be "on' whenever the

‘pressure or temperature is below point B and “off™
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whenever pressure or temperature is above point
A, The distance between points A and B represents
the “‘on-off’’ differential of the operating limit con-
tral, ’

In normal operation, the burner will shut down
whenever the pressure or temperature reaches set-
ting A. The switch in the operating limit control
will open. As the pressure or temperature drops
back to B, the switch makes and the burner will

restart. The modulating control will be calling for .

modulating motor to be in a low fire position at
this point. If the load exceeds this low fire input,
the modulating control will respond to increase the
firing rate proportionately as pressure or tem-
perature falls toward the point D, The modulating
motor will stop at any intermediate point between
C and D whenever the fuel input balances the load
requirement. As the load requirement changes, the
firing rate will change accordingly, This is referred
to as modulated firing,

Point D represents the maximum firing rate of the
burner. In the event pressure or temperature drops
while burner is firing at its maximum input, this is
indicative that the load exceeds the generating
rate of the boiler.

Although a gap is shown between B and C, these
points may well coincide if required by lead condi-
tions. When set as shown, the burner will be in a
low fire position upon & restart and will fire at that
rate -for a short period of time before falling
pressure or temperature requires an increase in the
firing rate. From this illustration it can be seen
that this desirahle objective will not be attained if

URNER OFF
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setting C overlapped point B. In that event, upon a
restart, the burner would drive to a higher firing
position immediately after main flame was proven,

and the brief period of low heat input would not

occur. Actual settings will, of course, depend
greatly upon load conditions which will affect the

amount of differential permitted the operating-

limit control and to the gap, if any, between B and
C. . . ,

When firing a cold boiler, it is recommended that
the burner be kept under manual flame control un-
til normal operating pressure or temperature is ap-
proached. The size of the flame may be manually
and graduaily increased to build up pressure or
temperature. If the burner is not under manual
control on 2 cold start, it will immediately move to
high fire as soon as the program control releases
the circuit that holds the burner in low fire during
ignition, The modulating control will be calling for

~higher fire and the burner will move to that posi-

tion as rapidly as the damper motor can complete

its travel. This rapid heat input can subject the

pressure vessel metal and refractory to undesirable
conditions,

Any control setting must not cause the boiler to
operate at or in excess of the safety valve setting,

" Settings that do not exceed 90% of the valve set-

ting are recommended, with lower settings greatly
desirable if load conditions permit. Aveid having
the operating pressure too near the valve set
pressure, because the closer the operating pressure
is to the valve pressure, the greater the possibility
of valve leakage. Continued leakage, however

slight, will cause erosion and necessitate early

valve replacement. The control settings on a hot
water boiler must be within the temperature and
pressure limits of the boiler.

Ideally, the burner operating controls should be set
under actual load conditions, Often, especially on
new construction, the boiler is initially started and
set to operate under less than full load require-
ments. Az soon as possible thiereafter the controls
should be reset to provide maximum utilization of
the modulating firing system.

To accomplish this, and assuming that airffuel
combustion ratios have been set, make ap-
proximate adjustments to the controls to bring the
boiler pressure or temperature up to meet the load
requirements,

To properly set the modulating control, carefully
adjust it under load counditions, until the load is
maintained with the burner firing at a steady rate.
The firing rate at that point may be full high fire
or slightly less, depending upon the relationship of
the boiler size to the load.

When the modulating control is set in this manner
and if the burner is in full high fire, the scale set-
ting of the modulating pressure control on a steam

oy .&“\&xs"ﬁ“\.tﬁ*&&%‘% TR "
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boiler will have a reading that indicates the Jow
point of the modulating range. This fixed dif-
ferential range is described later in this section,

range. This is also described later.,

The operating limit - control should now be ad-
justed and its differential established, See direc.
tions later in this section for the mechanics of ad-

very close control of steam pressure or water tem-
perature this adjustable differential should be set
as widely as conditions permit, since this will
Provide less frequent burner cycling,

The high limit control provides a safety factor to
shut the burner off in the event the operating limit
control should fail to do so. The setting of this con-
trol should be sufficiently above the operating
limit control to aveid nuisance shutdowns. The set-
ting, however, must he within the limits of the
safety valve settings and perferably not exceed 9p
percent of the valve setting. The control requires
manual resetting after tripping.

In the setting of thege controls, consideration must
be given to the time required for a burner restart,

Upon each start, there is 2 prepurge period of some,

length, plus the fixed time required for the proving
of the pilot ang main flame. This, plus ap-
Proximately 1/2 minute required for damper motor

The mechanics of setting the controls are:

F. MODULATING PRESSURE CONTROL
(Steam) (Honeywell L91A)

Turn adjusting screw until the indicator is opposite
the low point of the desired modulating range,
Modulated firing will range between this point and
a higher point equal to the modulating range of the
particular control. In 0-15 psi controls the range is
1/2 1b.; in 5-150 psi controls the range is 5 lbs.; in
10-300 psi controls the range is 12 |hs.

NOTE: To Prevent burner shutdown at other than
low fire setting adjust modulating pressure
control to modulate tg low fire BEFORE
operating limit pressure control shuts off
burner,

G. OPERATING LIMIT PRESSURE
- CONTROL
(Steam) (Honeyweli L404A)

Set “cut-out’’ (burner off) pressure on the main
scale using the large adjusting screw. Set djf.

5-3

ferential on the short seale turning the small .aq.
justing serew until the indicator points to the
desired difference between cut-out and cut-ip
bressures. The “cut-in’’ (burner on) pressure is the
cut-out pressure MINUS the differential, The cut-
out pressure should not exceed 80% of the safety
valve setting.

H. HIGH LiIMIT PRESSURE CONTROL
(Steam) {Honeywell L404C)

Set “cut-out” (burner off) pressure on scale using
adjusting screw. The control will break g circuit
when pressure reaches this' point. The setting
should be sufficiently above the operating limit
Pressure control to aveid shutdowns, and
breferably not exceed 90% of safety valve setting,
This control requires manual resetting after trip-
ping on g pressure increase., To reset, allow
Pressure to return to normal and then press the

reset button.

L MODULATING TEMPERATURE
CONTROL .

(Hot Water) (Honeywell T991A)
Turn knob on front of case until pointer indicates
desired set point temperature. This is the céhter, . -
Point of a proportiona] range. The control Lg% g
to 30 degree differential and may be adjustad tp
vary .the temperature range within which
modulating action is desired. With cover off, turn
adjustment wheel untii pointer indicates desired
range,

NOTE: To prevent burner shutdown at other than
low fire setting, adjust modulating tem-
perature control tg modulate low fire
BEFORE operating limit’ temperature
control shuts off burner: "

J. OPERATING LIMIT TEMPERATURE
- CONTROL -
(Hot Water) (Honeywell L4008A)
Set “cut-out’ {burner off} temperature on scale by

inserting a-screwdriver through the cover opening
to engage the slotted head adjusting screw.

The “cut in” (burner on) temperature is the cyt.
out temperature MINUS the differential, The dif.
ferential ig adjusted from 5 to 30 degrees F.

K. HIGH LiMmIT TEMPERATURE
CONTROL
- (Hot Water) (Hpneyweﬂ L4008E)

Set the “cut-out’’ (burner off) temperature on scale
using adjusting screw. This control will break the
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circuit and lock out on' a rise in water temperature
above the setting. The setting should be sufficiently
above the operating limit temperature to avoid un-
necessary shut-downs, On a 30 Ib. hot water boiler
the setting is not to exceed 240 degrees F. The con-
trol requires manual resetting after tripping on a
temperature increase, To reset allow water tem-
perature to drop below the cut-out setting less dif-
ferential, and then press the manual reset button.

L. LOW WATER CUT-OFF DEVICES
(Steam and Hot Water)

No adjustment is required since these controls are
pre-set by the original manufacturer. However, if
water level is not maintesined as shown in Figure 2-
3 inspect devices immediately and replace as
required.

M. COMBUSTION AIR PROVING
SWITCH
(Honeywell C645A)

Air pressure against the diaphragm actuates the
switch which, when made, completes a circuit to
prove the presence of combustion air. Since the
pressure of the combustion air is at its minimum
value when the damper is full open, the switch
should be adjusted under that situation. It should
be sat to actuate under a condition of minimum
pressure, but not too close to that point to cause
nuisance shutdowns.

The test switch in the programmer will stop the
timer only during the low fire period of the pre-
purge or during the pilot ignition period. To stop’ .
the timer during the high fire portion of prepurge,
it is necessary to do the following:

CB-20 - Turn off both the bugner switch and

st

: .the main power. Remove the programmer from its
‘i~ base. Check the instruction manual for the control

and locate the position of contact M3A. Carefully

-work a narrow strip of paper between the contact

points. An alternate method is to insert a thin
wood wedge between the timer cam and the spring
leaf for this contact.

Use extreme care not to bend or damage the con-
tacts. CAUTION: Line voltage is present at most
contacts,

Reinstall the control and restore main power.

CB-40 - Remove. the purge extender or the
purge extender jumper. See the instruction manual
for details, .

Turn the burner switch on, The blower motor and
the timer will atart {(provided the Iow water control
and limit controls are made). The timer will stop
after a few seconds. The damper motor will drive
to its open position and stop there,

RN At
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NOTE: On an oil fired boiler, the atomizing air’
praving switch (AAPS) must also be made.
On a combination fuel fired burner, the
fuel selector switch could be set at “gas”
to eliminate the atomizing air provin[/j’
switch from the circuitry. S

Attach a test lamp or volt meter from switch ter-
mina} W to ground. Turn the adjustment screw un-
til this circuit is broken. Then add a half turn or g0
to the adjusting switch to remake the circuit.

Turn the burner switch off. Remove the paper slip
or wood wedge from the CB-20 relay. Replace the
purge extender or purge extender jumper on a CB-
40 relay.

With the programmer returned to operating condi-
tion, turn the burner switch on and observe
whether unit cycles normally.

If the air switch is not adjusted to make within its
allotted time, the CB-20 control will keep re-

. cycling. The CB-40 control will lock out and re-

quire. manual resetting to restart. Make a further
adjustment to the air switch so that proper opera-
tion is obtained.

N. ATOMIZING AIR PROVING
SWITCH
(Dietz 161 P15)

Air pressure against the diaphragm actustes the
switch which, when made, completes a circuit t~
prove the presence of atomizing air. Since th’™
pressure of the atomizing air is at its minimum
value when there iz no fuel present at the nozzle,
adjustment of the awitch should be done while the
unit is running but not firing. The control should
be set to actuate under a condition of minimum
pressure, but not too close to that point to cause
puisance shutdowns.

The control adjustment may be made during the
prepurge period of operation by stopping the pro-
grammer timer during the prepurge period through
the use of the TEST switch. Refer to the control in-
struction bulletin for details.

The adjustment screw of the atomizing air proving
switch can then be adjusted until it breaks the cir-
cuit. At this point, the timer will begin rotating.
The CB-20 relay will recycle and return to the stop
point of the prepurge provided that the air switch
adjustment screw is made so that relay 1K pulls in.
The CB-40 control will Jock out and must be
manually reset before it can again be atarted.

Since the adjustment of the air switch may be
made either during the damper closed or damper
open position of prepurge, it is also possible to
make the adjustment with the timer stopped in the
damper open position in a similar manner to th~
adjustment of the combustion air proving swit - \5

described in the previous section. .

5-9
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After making the adjustment, recycle the control to
be sure that normal operaticn is obtained. The
8T switch must be set to the NORM position.

- ’/Wo GAS PILOT FLAME ADJUSTMENT

"'The size of the gas pilot flame is regulated by ad-
Jjusting the gas flow through the pilot gas regulator
and the adjusting cock. The flame must be suffi-
cient to ignite the main flame and to be seen by the
flame detector but an extremely large flame is not
required. An overly rich flame can cause sooting of
the flame detector. Too small a flame can cause
ignition problems.

Although it is possible to visibly adjust the size of
the pilot flame, it is preferable to obtain a micro-
amp reading of the flame signal. The amplifier has
a meter jack for this purpose. This reading may be
mensured with a good quality micro-ammeter or a
suitable multi-meter with a 0 to 25 micro-amp DC
rating.

The meter is connected to the jack using a meter
connecting plug harness (Cleaver-Brooks 884-72),
Connect the plus (red meter lead) to the red tab of
the harness and the minus (black meter lead) to
‘the black tab before inserting the plug in the meter
jack.

To Measure and Adjust Pilot:

(1) When making a pilot adjustment turn the

‘anual-automatic switch to “manual’’ and the
anual flame control to “close’”. Open both the
ot shutoff cock and the pilot adjusting cock. The

mnin gas cock should remain closed,

The regulator in the pilot line, if provided, is to re-
duce the gas pressure to suit the pilot's require-
ment of between 5 to 10"’ W.C. Regulator ad-
justment is not critical, however, with a lower
pressure the final adjustment of the pilot flame
with the adjusting cock is less sensitive.

(2) Connect the micro-ammeter as outlined above,

(3) Turn burner switch on. Let the burner go.
through the normal pre-purge cycle. When the igni-
tion area of the timer dial iz opposite the index
notch, set the timer switch to the TEST position to
_stop the timer. Relay 2K should pull in when the
pilot ignites.

(4) If the pilot flame ig not established within ten
seconds, turn off the burner switch. Repeat the
lighting attempt.

NOTE: On an initial starting attempt, portions of
the fuel lines may be empty and require
“bleeding’’ time, It iz better to accomplish
this with repeated short lighting trial
periods with intervening purge periods
than to risk prolonged fuel introduction. If
the pilot does not light after several at-
tempts, check all components of the pilot
system,

N
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(5) When the pilot flame is established, and with
the pilot adjusting cock wide open, remove the
flame detector from the burner plate. The pilot
flame can then be observed through this opening.

e

Keep eyes sufficiently away from the sight tube
opening and wear a protective shield or suitable

" glasses, Never remove the flame detector while the

main burner is firing.

{6} To make the final adjustment, slowly close the
gas pilot adjusting cock until the flame can no
longer be seen through the sight tube. Then slowly
openr the cock until a flame providing full sight
tube coverage is observed.

This adjustment must be accomplished within the
time limit of the safety switch or approximately 30
seconds after the detector is removed. If the control
shuts down, aliow several moments for the thermal
element in the safety switch to cool and then
manually reset it. Replace the detector and repeat
from step 5.

(7) When a suitable flame as indicated in para-
graph 6 is obtained, replace the detector. Observe
the reading on the micro-ammeter, The reading
should be between two and five micro-amps and
the reading must be steady, If the reading fluetu-
ates, recheck the adjustment. Make sure that the
flame detector is properly seated and that the lens
is clean.

(8) Reset the timer switch from TEST ponltlon to
the NORM position.

(9) If main flame has not been previously
eatablished, proceed to do 8o in accordance with
instructions elsewhere in the manusl.

(10) The micro-amp reading of the main flame
signal should also be checked. Observe the flame
signal for pilot alone, pilot and main burner fiame
together and the main burner flame at high, low,
and intermediate firing rate positions. Readings
should be steady and in the range indicated in
paragraph 7. If there are any deviations, refer to
the trouble shooting section in the technical
bulletin,

P. GAS PRESSURE AND FLOW
INFORMATION

Because of variables in both the properties of gas
and the supply system, it will be necessary to regu-
late the pressure of the gas to a level that produces
a sateady, dependable flame that yields highest
combustion efficiency at rated performance yet
prevents overfiring. Once this optimum pressure
has been established, it should be recorded and
periedic checks made to verify that the regulator is }
holding the pressure at this level. Occasional
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modification in fuel composition or preasure by the
supplier may, at times, require readjustment to re-
turn the burner to peak efficiency. Since the gas
pressure regulator itself is usually furnished by
others, detailed adjustment- instructions and ad-
justing procedures recommended by the manu-
facturer should be followed.

Pressure

The gas supplied must provide not only the quan-
tity of gas demanded by the unit, but must also be
at a pressure high enough to overcome the
pressure-loss due to the frictional resistance im-
posed by the burner system and the control valves.

The pressure required at the entrance to the burn-
er train (Figure 1-3) for rated boiler output is term-
ed "net regulated pressure’”. The gas pressure
regulator must be adjusted to achieve this pressure
to assure full input.

The pressure requirement varies with boiler size,
altitude, and type of gas train. Refer to Table 1 for
pressure requirements. '

_ TABLE 1
Minimum Nst Regulated Gas Pressure
For Rated Boller Output

(Required at Gas Train Entrance)

Bodler Two Gas Valves
{fsffz;.) 4” Pipe Size
400 185" W.C.
500 29.5" W.C.
600 420" W.C.
700 - HB.5" W.C.
800 75.5" W.C.

The pressures listed are based on 1000 BTU/CU.
FT. natural gas at elevations up to 700 feet above
sea level. For installation at-higher altitudes,
multiply the selected pressure by the proper factor
from Table 2. '

Gas Flow

The volume of gas flow is measured in terms of cu-
bic feet and is determined by a meter reading. The
gas flow rate required for maximum boiler output
depends on the heating value (BTU/CU.FT.) of the
gas supplied. The supplying utility can provide this
information.

T; obtain the required number of cubic feet per
hour of gas, divide the heating value

(BTU/CU.FT.) intoe the required burner input
(BTU/HR.).

See Table 3 for input requirements.
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TABLE 2
Altitude Correction ]
Feel Above Sea Level Factor

1000 1.04 ( )
2000 1.13
2500 1.18

3000 1.22

4000 1.33

5000 1.44

6000 1.57

7000 - : -1.70

B0OGO 1.84

9000 2.01

TABLE 3
Botler Maximum Input
Horsepower BTU/Hr
. 400 16,750,000

500 . 20,925,000

6500 25,100,000

T00 29,100,000

800 32,200,000

Pressurs Corrsctlon

The flow rate outlined in the previous section
figured on a “base’’ pressure which is usually a j
mospheric or 14.7 psi. \—

Meters generally measure gas in cubic feet at
“line’* or supply pressure. The pressure at which
each cubic foot is measured and the correction fac-
tor for this pressure must be known in order to con-
vert the quantity indicated by the meter into the
quantity which would be measured at “base”
pressure.

To express the volume obtained from an actual
meter reading into cubic feet at base pressure it is
necessary to multiply the meter index reading by
the proper pressure factor obtained from Table 4.

TABLE 4
Pressure Correction Factors
Regulalor Pre'amre Regulattar Pressure
P :;I:;r . Factor Prle"‘i'un Factor
1 psig 1.05 9 psig 1.569
2 psig 1,11 10 psig 1.66
3 psig 1.18 11 psig 1.72
4 psig .1.25 12 psig 1.81
5 paig 1.32 13 psig 1.86
6 psig 1.39 14 psig 1.93
7 psig 1.45 15 psig 2.00
8 psig 1.52 \ , j
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Conversely: to determine what the meter index
reading should be in order to provide the volume

. of gas required for input, divide the desired flow

rate by the proper pressure correction factor. This
-answer indicates the number of cubic feet at line
pressure which must pass through the meter to
deliver the equivalent number of cubic feet at hase
pressure.

As an example: assume that a 600 horsepower
boiler is installed at 2,000 feet above sea level; is
equipped with a standard gas train; and that 1,000
BTU natural gas is available with an incoming gas
pressure of 3 psig. The pressure and flow requxre-
ments can be determined as follows:

Pressurs

Correction for the 2,000 feet altitude must be made
since altitude has a bearing on the net reguiated
gas pressure, The standard gas train requires 42"
WC gas pressure at sea level (Table 1), Table 2
indicates & correction factor of 1.13 for 2,000 feet,
Maultiplying these results in a calculated net regu-
iated gas requirement of approximately 47.5""WC.
This is the initial pressure to which the regulator
should be adjusted. Slight additional adjustment
can be made later, if necessary, to obtain the gas
input needed for burner rating,

Flow

Since the gas flow rate is based on standard condi-
tions of flow, correction must be made for the sup-
ply pressure through the meter of 3 psig. Determine
the flow rate by dividing the BTU content of the
gas into the burner input {T'able 3) and “correct’’
this answer by applying the correction factor for 3

poig {Table 4).

BTU/HR Input = CFH (Cubic feet/hour)

BTU/CU.FT.
OR
25,100,000 25,100 CFH (At 14.7 Ib.
1,000 atmospheric “base’’ pressure)
THEN
25,100 = 21,271 CFH
1.18

This is the CFH (at line pressure) which must pass
through the meter so that the equivalent full input
requirement of 25,100 CFH (at base pressure) will
be delivered.

Checking Gas Flow

Your gas supplier can generally furmsh a gaa
meter flow chart from which gas flow can be deter-
mined. After a short observation period, this in-
formation aids in adjusting the regulator to in-
crease or decrease flow as required to obtain
rating.
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Final adjustment of gas fuel is carried out by
means of the adjusting screws in the gas modu-
iating cam while performing a combustion effi-
ciency analysis. See Section Q for details.

NOTE: The information given in this section is for
all practical purposes sufficient to set and
adjust controls for gas input. Your gas sup-
plier can if necessary furnish exact correc-
tion factors that take into consideration
BTU content, exact base pressure, specific
gravity, temperature, etc,, of the gas used.

Q. GAS FUEL COMBUSTION
ADJUSTMENT

After operating for a sufficient period of time to
assure a warm boiler, adjustments should be made

to obtain efficient combustion.

The appearance or color of the gas flame is not an
indication of its efficiency since an efficient gas
flame will vary from transparent blue to trams-
lucent yellow.

* Proper setting of the air/fuel ratios at all rates of

firing must be established by the use of a- com-
bustion gas analyzer. This instrument measures
the content, by percentage, of carbon dioxide
(CO2), oxygen (O3}, and carbon munoxlde {CO) in
the flue gas.

Burner efficiency is measured by the amount or
percentage of COz present in the flue gas. The
theoretical maximum COz percentage for natural
gas is approximately 11.7% . As shown in Chart 5-
0, this is attained when there is no excess oxygen
(Q2) or carbon monoxide (CO). A definite per-

centage of excess air (oxygen) is required by most
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local gas authorities and of course, the burner
should never be operated with an air-fuel ratio
that indicates a detectable percentage of carbon
monoxide. '

Subject to local regulations pertaining to specific
amounts of excess oxygen, it is generally recom-
mended that CO:readings of between 9-1/2 and 10:
1/2% be attained with corresponding O: readings
of 2 to 4%.

From information in section P of this chapter
determine the standard conditions of gas pressure
and flow for the size of boiler and the gas train on
it. Calculate the actual pressure and flow through
the use of correction factors that compensate for

PO P R | - P

incamiﬁg QS pressure ana aititude.
Basically, gas adjustments are made with a gas
presaure regulator (Figure 1-15) which controls the

pressure and with the butterfly gas valve {Figure 1-
3) which directly controls the rate of flow.

In initially setting the linkage, back off the low fire
stop screw on the butterfly valve so that valve is
closed. Then run screw out to touch the arm and
give it two complete turns. Adjust the connecting
rod so that over.ride tension is released and so
that arm is now just touching the stop screw.
Tighten the lock nuts on all ball joints. See Figure
5-10.

This low fire seiting should be regarded as ten-
tative until proper gas pressure for high fire
operation. is established.’

To do this, turn manual flame control switch to
“high.”” At high fire position the butterfly valve
should be wide open aa indicated by the slot on the
end of its shaft. Set and lock the high fire stop
screw until it is just touching the valve arm,

Determine the actual gas flow from a meter
reading. See section P of this chapter. With the
butterfly valve open ‘and with regulated gas
pressure set at the calculated pressure, the actual
flow rate should be quite close to the required in-
put. If corrections are necessary, increase or
decresse the gas pressure by adjusting the gas
pressure regulator, following manufacturer’s direc-
tions for regulator adjustment.

When proper gas flow is obtained take a flue gas
analysis reading. The-CO: should be between 9-1/2
and 10-1/2% and the corresponding O: reading
should ke 2 to 4%.

With the high fire air-fuel ratio established the gas
pressure regulator needs no further adjusting.

After making certain that the air control damper
and its linkage are correctly adjusted to provide
the proper amount of secondary air and after ad-
justing the gas pressure regulator, final adjustment
can be made, if necessary, to the gas modulating
cam to obtain a constant air-fuel ratio throughout
the entire firing range.
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Since the input of combustion air is ordinarily
fixed at any given point in the modulating cycle,
the flue gas reading is determined by varying the
input of gas fuel at that setting. This adjustment is
made to the metering cam by means of adjusting
screws (Figure 5-4) which are turned out (counter-
clockwise from the hex-socket end) to increase the
flow of fuel, and in (clockwise from the hex-socket
end) to decrease it. Flow rate is highest when cam
follower assembly is closest to jack-shaft,

Through the manual flame control switch, position
the cam so that the adjusting screw adjacent to the
end or high fire screw contacts the cam follower.
Make a combustion analysis at this point. If an ad.
justment to that cam screw is necessary follow this
recommended procedure.

Mark the point requiring adjustment, using a piece
of chalk on the side of the cam. See Figure 5-11,
Then rotate the cam to move the screw requiring

- adjustment sufficiently away from contact with the

cam follower and adjust to increase or decrease
fuel flow.

5-13
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NOTE: The adjustment screws are curved on the
bottom to match the radius of the cam
profile spring. If adjusting screws are tur-
ned when the cam follower is pressing
agamlt the lower surface of the spring then
it is possible the edges of ‘the adjusting
screws may score the apring, leading to
premature spring breakage. After com-
pleting adjustment MAKE CERTAIN
THAT CAM ADJUSTING SCREW CON-
TOUR MATCHES SPRING RADIUS.

Return the cam to the point at which the ad-

. justment was required and re-check input.

Repeat this process, stopping at each adjusting
gorew until low fire position iz rezched. If 2ll
screws are properly adjusted, none will deviate
from the general overail contour of the cam face. It
may be necessary to re-adjust the setting of the low
fire stop screw in order to obtain the proper air-
fuel ratio at low fire burning rate. T'o insure that
the low fire position of the butterfly valve is always
the same, allow one turn of stop screw for over-

travel.

CAUTION

Failure to release pressure of cam follower against
cam profile spring before or while adjusting the
cam contour or adjusting screws will result in
scored or weakened springs. Replace these springs
immediately to avoid breakage,

R. LOW GAS PRESSURE SWITCH

Adjust the scale setting to slightly below the nor-
mal burning pressure. The control circuit will be
broken when: pressure falls below this point. Since
gas line distribution pressure may decrease under
some conditions, shutdowns may result if the set-
ting is too close to normal, However, regulations
require that the setting may not be less than 50%

" of the rated pressure downstream of the regulator.

Manual resetting is necessary after a pressure
drop. Press the reset lever after pressure is re-
stored. Make sure that a mercury switch equipped
control is level,

S. HIGH GAS PRESSURE SWITCH

Adjust the scale setting to slightly above the nor-
mal burning pressure. The control circuit will be
broken when pressure exceeds this point. Unneces-
sary shutdowns may result if the setting is too close

Chapter 5—Adjustment Procedures

to normal, however, reguiations require that the
setfing may not be greater than 50% of the rated

" pressure.

Manual resetting is necessary after a pressure rme
Press the reset lever after pressure falls. Make sure

that a mercury switch equipped control is level.

T. FUEL OIL PRESSURE AND
TEMPERATURE - GENERAL

Variations in burning characteristics of the fuel oil
may require adjustments from time to time to
assure highest combustion efficiency. The handling
and burning characteristics may vary from one
delivery of oil to another. For this reason it is
recommended that the oil system be inspected from
time to time to verify that pressures and viscosity
are at the proper operating levels.

Because of variation in oils including chemical
content, source, blends and viscosity charac-
teristics, the temperatures and pressures listed in
Chapter 4 and mentioned in the adjusting of the
controls in the following paragraphs will vary and
thus may be regarded as tentative and to be
changed to provide best firing conditions. Figure 5-
12 ig an ofl viscosity-temperature chart. This may
be used as & guide although your oil supplier will
be able to give you more exacting information
based on an analysis of the oil.

Review of the applicable maintenance instructions
given in Chapter 7 will aid in maintaining an ef-
ficient fuel system.

NOTE: To prevent oil heater coking, the fuel oil
pump must be in operation during all
times that an oil heater is in service.
During any time that the oil pump is not
operating, the oil heating system must be
electrically shut down by manually turning
the oil heater switch “off."”

When the boiler is shut down, or awitched over to
gas firing, the pump must cperate for a sufficient
period of time to cool the oil heater. Similarly, if
an electric, steam, or hot water oil heater is
removed for servicing, the temperature of the
heater should be reduced by circulating oil until it

ia.

U. FUEL OIL COMBUSTION
ADJUSTMENT

After operating for a sufficient period of time to
asgure A warm boiler, adjustments should be made
to obtain efficient combustion.

e
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Efficient combustion cannot be solely judged by
flame condition or color, although they may be
used in making approximate settings. This should
be done so that there is a bright sharp flame with
no visible haze.

Praper setting of the air-fuel ratios, at all rates of
firing must be established by the use of a com-
bustion gas analyzer. This instrument measures
the content, by percentage, of carbon dioxide
{COz), oxygen (Q2) and carbon monoxide (CO) in
the flue gas.

Burner efficiency is measured by the amount or
percent of CO: present in the flue gas. The ideal
setting from a standpoint of efficiency is reached
when the percentage of oxygen in the flue gas is
zero, It is, however, more practical to set the bur-
ner.to operate with a reasonable amount of excess
air to compensate for minor variations in the
pressure, temperature, or burning propérties of oil.
15 to 20% excess air is considered reasonable and
this should result in an approximate COz reading
of 12-1/2 to 13%.

5-16

The burner should never be operated with an air-
fuel ratio that indicates a detectable percentage of
carbon monoxide.

Through the use of the manual flame control
slowly bring the unit to high fire by stages. At the
high fire position the air damper should be fully
opened and the air and oil pressure readings
should be on the order of those given in Chapter 4.

Take a flue gas analysis reading at this point, If
necessary make adjustments to the fuel oil con-

troller to increase or decrease oil pressure. This

should be done before making any effort to adjust
the screws in the metering cam. Ideally, the cam
profile spring should be as close to the cam casting
as practical and it is more desirable to lower the
il pressure to reduce flow, if necessary, than to ex-
tend adjusting screws to an extreme position in an
effort to cut-back on flow,

After making certain that the air control damper
and its linkage are operating properly to provide
the proper amount of secondary air and that fael
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oil pressure settings are correct, final adjustment
can be made, if necessary, to the oil modulating
cam to obtain a constant fuel-air ratio through the
entire firing range.

Since the input of combustion air is ordinarily
fixed at any given point in the modulating cycle,
the flue gas reading is determined by varying the
input of fuel at that setting. This adjustment is
made to the metering cam by means of adjusting
screws (Figure 5-3), which are turned out (coun-
terclockwise from the hex-socket end) to increase
the flow of fuel and in (clockwise from the hex-
socket end) to decrease it. Flow rate is highest
when cam follower assembly is closest to jack-
shaft.

If oil pressure, primary air pressure, and linkages
are properly adjusted the metering cam should re-
quire minimal adjustment.

If adjustment is necessary follow this re-

-commended procedure.

Through the flame control switch, position the cam
so that the adjusting screw adjacent to the end or

high fire screw contacts the cam follower. Make a

combustion analysis at this point. If an adjustment
to that cam screw is necessary proceed as follows:

Mark the point requiring adjustment, using a piece

of chalk on the side of the cam. See Figure 5-11.
Then rotate the cam to move the screw requiring

- adjustment sufficiently away from contact with the

cam follower and adjust to increase or decrease
fuel flow.

NOTE: The adjustment screws are curved on the

bottom to match the radius of the cam pro- °

file spring. If adjusting screws are turned’
when the cam follower is pressing against
the lower surface of the spring then it is
“possible the edges of adjusting screws may
score the spring leading to premature
spring breakage. After completing ad-
justment MAKE CERTAIN THAT
CAM ADJUSTING SCREW CONTOUR
MATCHES SPRING RADIUS.

Return the cam to the point at which the ad-
justment was required and re-check input.

Repeat this process, stopping at each adjusting
screw until low fire position is reached. If all
screws are properly adjusted none will deviate
from the general overall contour of the cam face.

! CAUTION i

Failure to release pressure of cam follower against
cam profile spring before or while adjusting the
cam contour or adjusting screws will result in
scored or weakened springs. Replace these springs
immediately to aveid breakage.
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V. BURNER DRAWER ADJUSTMENT

There are relatively few adjustments that can be
made to the burner, however, a check should

made to see that all components are proper‘!")’

located and that all holding screws are properi
tightened, Figures 5-14 and 5-16 show various
views or portions of the burner.

The diffuser location on gas fired boilers is quite
important. There should be one guarter inch
distance between the inside edge of the gas exit
holes in the burner tube and the skirt of the dif-
fuser (see Figure 5-15). The setting of an oil fired
burner is less exacting and the diffuser should be
located with the skirt approximately 1-1/8” from
the end of the burner tube.

When the proper diffuser location is ascertained,
the setting of the oil nozzle in relation to the diffus-
er should be checked. This is generally set at time
of manufacture and seldom needs altering. It is
most important that oil spray does not impinge up-
on the diffuser. The distance that the nozzle is be-
hind the diffuser has some latitude and individual
installations may require a slight deviation. The
spacing which is indicated by dimension A in
Figure 5-14 is 2.

Check the setting of the igmition electrode(s) for

gas pilot electrode and Figure 5-13 for the light o1
pilot. Make sure that the porcelain insulator is no
cracked and that ignition cable connections are

tight. .

The oil nozzle tip should be seated tightly in the
body with the swirler and the seating spring in
place. See Section G in Chapter 7 for additional
nozzle tip information.

Check to see that the flame detector sight tube and
the gas pilot tube extend thru their respective
openings in the diffuser face.

. proper gap and position. See Figure 5-14 for th
o
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W. OIL DRAWER SWITCH

The integral contacts of this control are closed by
proper positioning and latching of the oil drawer in
its forward position. Adjustment of switch must be
such that its contacts open if oil drawer is not
properly positioned for oil firing. The switch is
electrically removed from the circuit when a com-
bination fuel burner is fired on gas.

X. LOW OIL TEMPERATURE SWITCH

This control prevents the burner from starting, or
stops its operation, if the temperature of the oil is
below normal operating temperature.

A No. 6 oil burner standardly uses a White-
Rodgers 11B05-1 control. To adjust, insert
screwdriver into ccnter slot in control cover and

turn dial until fixed (center) pointer is “ap-

proximately 30 degrees F lower than oil heater
thermostat setting. Turn differential adjusting
screw (located above dial) until movable indicator
is approximately 5 degrees F above the setting on
the main scale.

On & No. 6 oil burner installed on a hot water
boiler, the low oil temperature switch is an integral
part of the electric oil heater. The switch is nonad-
justable and is factory set at approximately 40
degrees F below the maximum operating tem-
perature of the heater.

An optionally equipped burner complying with in-
Surance group requirements can be equipped with
the White-Rodgers thermostat-—or may be equip-
ped-with Mercoid FM43%-3 or Honeywell L&6008C
controls, All of these are readily adjusted and
should be set approximately 30 degrees F lower

" than the oil heater thermostat.
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Y. HIGH OiL TEMPERATURE SWITCH
(OPTIONAL - F.LA. Only)

This control prevents the burner from starting, or
stops its operation, if the temperature of the oil ex-
ceeds the normal operating temperature, .

A!White-Rodgers 11B18-1 control is used. To ad-
just, turn the dial until the pointer is ap-
proximately 25° above normal operating temper-
ature. These controls generally have a set differ-
ential and will close 5° below the set point.

Z. LOW OIL PRESSURE SWITCH
(Optional)

This control prevents burner ignition, or stops its
operation, when the oil pressure is below a set
point. Adjust the control by turning the screw on
top of control case to an indieated pressure 10 psi
below the established primary oil pressure setting
indicated on the oil supply pressure gauge. The
switch will remain in a closed position as long as

Chapter 5—Adjustment Procedures

the oil pressure exceeds this setting. The ¢ontrol
normally used automatically resets when pressure
~ is restored after a drop. )

AA. ELECTRIC OIL HEATER
THERMOSTAT (FENWAL)
(400 and 600 Series - Steam)

The maximum temperature setting of the control is
stamped on the dial, This is attained with the ad-
justing knob turned to the “high’’ end of the scale,
Lower settings are obtained by. turning the ad-
justing knob clockwise using the thermometer in
the fuel oil confroller as a guide.

The final setting of this thermostat should be at a
sufficiently lower temperature (approximately 15
degrees) than the steam heater thermostat. This
eliminates the electric heater from operation when
the steam heater is functioning. The electric heater
is sized to prov1de sufficient heated oil for low fire
operat:on‘on cold starts before steam is available.

l,::-Z
FLAME DETECTOR )
SIGHT TUBE /_\)
" DIFFUSER N
GAS PORTS OiL NQZZLE
{POSITIONED FOR
OIL FIRING}
DIFFUSER SKIRT
POSITIONED 1/4""
BEHIND GAS HOLES
GAS PILOT
)
FIGURE 5-15. BURNER HOUSING )
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A 0.005 MFD capacitor is wired in paraliel with
the thermostat lead connections to prevent contact
bounce and arcing. The control differential is non-
adjustable.

BB. STEAM OIL HEATER
THERMOSTAT (FENWAL) (No 6 Oil)
(400 and 600 Series - Steam)

The maximum temperature setting of the control is
stamped on the dial. This is attained with the ad-
justing knob turned to the “high’’ end of the scale.
Lower settings are obtained by turning the ad-
justing knob clockwise using the thermometer in
the fuel oil controller as a guide.

The final setting of this thermostat should provide
oil at a sufficient temperature for efficient com-
bustion based on flue gas analysis. There is no
need to heat the oil in excess of this temperature.

A 0005 MFD capacitor is wired in parallel with
the thermostat lead connections to prevent contact
bounce and arcing. The control differential is non-
adjustable.

. CC. HOT WATER OIL HEATER
THERMOSTAT (400 and 600 Series)

The thermostat normally supplied is a White
Rodgers 11B18-1. To adjust, insert screwdriver
into center slot in control cover and turn dial until
pointer is at desired temperature level, This con-
trol generally has a set differential and will clos
5° below the set point, '

The thérmostat contacts close to energize the

~ booster water pump which pumps water from-the

boiler through the heater. On cold starts it is nor-
mal practice to manually close the valve in the
pump discharge line until boiler water tem-
perature exceeds the temperature of fuel oil en-
tering the heater,

. The electric oil heater on a hot water beiler burn-

ing No. 6 oil and equipped with a hot water oil
heater has a built-in adjustable thermostat. The
maximum temperature setting is stamped on its
dial. Desired temperature can be obtained by turn-
ing the adjusting screw. The thermostat should be
set at a sufficiently lower temperature (approxi-
mately 15°) than the hot water heater thermostat..
This eliminates the electric heater from aperation
when the water heater is functioning, The electric
heater is sized to provide sufficient heated oil for
low fire operation on cold starts before hot water is
available,

DD. STEAM HEATER PRESSURE
REGULATOR
(400 and 600 Series - Steam)

This regulator is provided on a boiler designed to
operate at pressures above 15 psi for the purpose of
reducing boiler steam pressure to the level
necessary for proper operation of the steam oil
heater. This pressure should be reduced to a point
that permits sufficient temperature to heat the oil
while allowing as continuous a steam. flow .as
possible. Reduced pressure that is tao high will

- result in frequent cycling of the steam solenoid

valve.

It is best to adjust the regulator under typical flow
conditions. To do this it is suggested that the globe

valve in the steam supply line be closed so that

there is no pressure on the regulator. Turn out the
adjusting screw fully to relieve compression on the
regulator spring thus closing the regulator. With
steam at normal pressure, open the globe valve
and then set the secondary pressure by turning the
adjusting screw or handle until the downstream
gauge shows the desired pressure.
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CHAPTER 6

TROUBLE SHOOTING

. BURNER DOES NOT START

NO IGNITION

. PILOT FLAME, BUT NO MAIN FLAME
BURNER STAYS IN LOW FIRE
SHUTDOWN OCCURS DURING FIRING
MODULATING MOTOR

T
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'This section assumes that the unit has been pro- A. BURNER DOES NOT START
perly installed and adjusted and that it has been ‘ .
running for some time prior to the trouble listed in 1. Main disconnect switch open,
- the heading of each section. It is further assumed 2. Blown fuses, tripped overloads, looze electrical
o that the operator has become thoroughly familiar connection.
P with both burner and manual by this time. The
{ - -- - points under each heading -are -set down-briefly as- - - 3. Combustion control safety switch requlres )-
o possible causes, suggestions or clues to simplify lo- setting leti 4 )
cating the spurce of trouble. Methods of correcting a) Refer to manufacturer’s bu etml L1 and
‘ the trouble, once it has been identified, may be b) Check for power between ;"’5’““‘“ s 11 an
found elsewhere in this manual, L2 (terminal boal:d 4 and 5)
- ¢} If relay 1K pulls in, but the blower motor
If the burner will not start, or operate properly, Te- does not start, check for power at pro-
fer to this trouble shooting section and .to the - grammer terminal 8 (terminal board 2)
programming relay bulletin for assistance in pin- d) Check that appropriate relay contacts are
pointing problems that may not be readily ap- closed (see programmer bulletin)
parent. Familiarity with the programmer and e e e leted t
other controls in the system may be obtained by 4. Limit circuit not comple - Do power to
programmer terminai 3 .(TB6)

studying the contents of this manual and the bulle- . .
tin. Knowledge of the system and its controls will a) P“““fe or te:n[ieral.fur; l(;;e::f;; :ft}?: :ﬁf
make troubleshooting much easier. Costly down :’;:r;:::f) control. (Loa &

L

time or delays can be preveanted by systematic .
checks.of the actual operation against the normal b) Wate;‘ below requll_ﬂ;it leve‘l] ‘alarm horn)
sequence to determine the stage at which perform- R sl: wh;".'t‘g. lfe th!ar:: n;i:iun
ance deviates from normal. Following a routine ou'd ndica 18 €0 .
i mi ; : 2) Check manual reset button, if pro-
may possibly eliminate overlooking an obvious . vided, on low water control
‘c:g;lil'::tmn, often one that is relatively simple to ¢) Fuel pressure must be within seiitmgs of low
. . pressure and high pressure switth¥ 5,
If an obvious condition is not apparent, check the d) Oil fired unit — burner f@n;mug;i| full
continuity of the circuits with a voltmeter or test forward position to cloge':iqx}. du\ﬁ%ngw:tch
lamp, Each circuit can be checked and the fault _ e) Heavy oil fired umt___;j 5 tempgr&&\n'e be-
a3 e isclated and corrected. Most eircuitry checking can low minimum_ setting . .
i '~'\_ .~ be done between uppropriate terminals on the 5. Motor defective.

terminal boards in the control cabinet or the en-
trance box. Refer to thé schematic Wiring Diagram
for terminal identification.

6. If burner starts, but shuts down after a | ..}
seconds check the air provmg ‘switch c:rcm
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1,

B. NO IGNITION

Lack of apark :
a} Electrode grounded or porcelain crncked
b) Improper electrode setting
c) Loose terminal on ignition cable; cabie
shorted
d} Inoperative ignition transformer
e) Check appropriate program relay contacts,

. Spark but ne flame

a) Lack of fuel — no gas pressure, closed
valve, empty tank, broken line, ete,

b) Inoperative pilot solenoid

¢} Insufficient or no vaoltage to gas pilot sole-
noid valve, Check power at terminal 5 or 6

. Low fire switch open

a) Damper motor not closed, slipped cam, de-
fective switch
b) Damper jammed or linkage binding

. Check interlocks and circuit to terminal 12
. Timer switch (CB20 or CB40) in TEST pusition

and timer stopped in “pre-purge’’

C. . PILOT FLAME, BUT NO
MAIN FLAME

. Insufficient pilot flame
. Gas fired unit;

a) Manual gas cock closed

b} Main gas valve inoperative

¢) Low or high gas pressure (resst sthch if
necessary}

. Oil fired unit:

a) Oil supply cut-off by obstruction, closed
valve, or loss of suction

b) Supply pump inbperative

¢) No fuel

d) Inoperative solencid valve

e) Check oil nozzle, gun and lines

. Inoperative programmer

a) If relay 2K does not puil in when pilot
flame lights, check flame detector, contacts,
amplifier

b) Flame detector defective, -sight tube ob-
structed or detector lens dirty

~¢) If relay 2K pulls in but fuel valve isn't

energized, check for voltage at terminal 7

(TB 14). If no voltage check contacts. (See
bulletin)

D. BURNER STAYS IN LOW FIRE

. Pressure or temperature above modulating con-

trol setting

2. Manual-automatic switch in wrong position

3. Inoperative moduiating motor (See Section F) a) Loose electrical connection
4, Defective modulating control b} Faulty damper motor transformer
6-2 e
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- Binding or loose linkage, cams, setscrews, etc.

. Check appropriate relay contacts

E. SHUTDOWN OCCURS DURING
FIRING

. Loss or stoppage of fuel supply

. Defective fuel valve; loose electrical connection
. Flame detector weak or defective

. Lens dirty or sight tube obstructed

. If the programmer lockout switch has not

tripped, check the limit circuit controls, inter-
lock, or blower motor.

a} The flame failure light (and alarm horn)
are energized by igniticn failure, main
flame failure, inadequate flame signal, or
open control in the non-recycling interlock
circuit

b) The light (and horn) will not be energized
by the opening of any control in the hmlt
circuit

. If the lockout switch has tripped;

a) Check fuel lines and valves
b) Check flame detector
¢} Visually check appropriate timer and relay
contacts, (refer to program control manual)
d) Check blower motor and all interlocks
(CB-40)
¢) Lockout switch malfunctioning
-8) Stuck contacts

. Improper air-fuel ratio (lean fire)

a) Slipping linkage
b) Damper stuck open
¢} Fluctuating fuel supply
1. Temporary obstruction in fuel line
2. Temporary drop in gas pressure
3. Orifice gate valve accidentally opened
theavy oil)

. Interlock device inoperative or defective

F. MODULATING MOTOR
DOES NOT OPERATE

. Manual-automatic switch in wrong position

Linkage loose or jammed

. Motor does not drive to open or close during

pre-purge or close on burner shutdown
a) Check appropriate contacts {See bulletin)

. Motor does not operate on demsnd

~a) Manual-automatic switch in wrong posi-
tion

b} Modulating control unproperly set or in-
operative

¢) Check appropriate contacts (See bulletin)

. Motor inoperative

CT:’:“‘

T




——— e m— s

Courtesy of:

CHAPTER 7

C3SurplusLLC ™

Surplusindustrial Superstore
305-428-2777 _
https://www.c3surpluscom 5

INSPECTION AND MAINTENANCE

A. GENERAL

0w
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SOLENOID VALVES
CAM SPRING
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. SAFETY VALVES
FUEL OiL VALVES
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REFRACTORY
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A. GENERAL

A well planned maintenance program avoids un-
necessary down time or costly repairs, promotes
safety and aids boiler code and local inspectors. An
inspection schedule with a listing of procedures
should be established. It is recommended that a
boiler room log or record be maintained. Record-
ing of daily, weekly and monthly and yearly
maintenance activities provides a valuable guide
and aids in obtaining economies and length of ser-
vice from Cleaver-Brooks equipment.

Even tﬁough the boiler has electrical and

mechanieal devices that make it automatic or
‘semi-automatic in operation, these devices require

gystematic and periodic maintenance. Any
“automatic’’ features do not relieve the operator
from responsibility, but rather free him of certain

FIRESIDE- CLEANING
WATER LEVEL CONTROLS AND WATERSIDE

AIR PUMP AND COMPONENTS

WATER GAGE GLASS
ELECTRICAL CONTROLS
PROGRAMMING CONTROL

. Oll. BURNER MAINTENANCE
. GAS BURNER MAINTENANCE
MOTORIZED GAS VALVE

FORCED DRAFT FAN.

. DOOR CLOSING AND SEALING

OIL HEATERS—ELECTRIC, STEAM, HOT WATER

repetitive chores providing him time to devote to
upkeep and maintenance.

Good housekeeping helps maintain a professional
appearing boiler room. Only trained and
authorized personnel should be permitted to
operate, adjust or repair the boiler and its related
equipment. The boiler room should be kept free of
all material and equipment not necessary to the
- operation of the boiler or heating system.

Alertness in recognizing an unusual noise, im-
proper gauge reading, Jeaks etc, can make the
operator aware of a developing malfunction per-
mitting prompt corrective action that may prevent
extensive repairs or unexpected down time, Any
steam, water or fuel Jeaks should be repaired as

soon as they are noticed. Leaks are wasteful & -
well as hazardous, Include in the program preven-

7-1
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Chapter 7—Inspection and Maintenance

tive maintenance measures such- as regularly
checking the tightness of connections, locknuts, set-
screws, packing glands ete.

The air-fuel ratio should be checked often since
this will alert the operator to losses in combustion
efficiency which do not produce visible flame
change.” Variations in- fuel composition from one
time to another may require re-adjustment of the
burner. A combustion analyzer should be used to
adjust fuel input for maximum operating efficiency
and economy.

Periadic Inspection

Insurance regulations or local laws require a
pericdic inspection of the pressure vessel by an
authorized inspector. )

Section I of Chapter 2 contains information
relative to this inspection.

Inspections: of this type are usually, though not
necessarily, scheduled for periods of normal boiler

down time such as an off season. This major in- -

spection can often be used to accomplish main-
tenance, Teplacements or repairs that cannot easily
be done at other times. This also serves as a good

basis for establishing a schedule for annual, mon-

thly or other periodic maintenance programs.

While this inspection pertains primarily to the
waterside and fireside surfaces of the pressure
vessel, it provides the operator an ‘excellésit oji-
portunity for detailed inspection and check of all
components of the boiler including piping, valves,
pumps, gaskets, refractory etc. Comprehensive
cleaning, spot painting or re-painting and the
replacement of expendable items shouid be plan-’
ned for and taken care of during this time. Any
major repairs or replacements that may be

- required should also if possible be coordinated

with this period of boiler shutdown.

Replacement spare parts, if not on hand, should be
ordered sufficiently prior to shutdown,

Cleaver-Brooks boilers are designed, engineered
and built to give long life and excellent service on
the job. Good operating practices and con-
scientious maintenance and care will obtain ef-
ficiency and economy from their operation and
contribute to many years of performance.

B. FIRESIDE CLEANING

Soot and non-combustibles are effective insulators
and if allowed to accumulate will reduce heat
transfer to the water and increase fuel con-
sumption. Soot and other deposits can be very
moisture absorbent and may attract moisture to
form corrosive acids which will deteriorate fireside
metal,

7-2

Clean-out should be performed at regular frequent
intervals depending upon load, type and quality of
fuel, internal boiler temperature, and combustion
efficiency. A stack temperature thermometer, if
used, can be a guide to clean-ouf intervals since an
accumulation of soot deposits will raise the flue
gas temperatiire. ’

Tube cleaning is accomplished by opening front
and rear doors, Tubes may be brushed from either
end. All loose soot and accumulations should be
removed. Any soot or other deposits should be re-
moved from the furnace and the tube sheets.

Refer to Section Q of this chapter for instructions
on properly closing front and rear heads.

The vent stub and stack should be cleaned at
regular intervals. Commercial firms are available
to perform this work. The stack should be in-
spected for damage and repaired as required.

The fireside should be thoroughly cleaned prior to
‘any extended lay-up of the boiler. Depending upon
circumstances a protective coating may be
required. See Secfion J in chapter 2.

C. WATER LEVEL CONTROLS AND
WATERSIDE OF PRESSURE VESSEL

The need to periodically check water level controls
and the waterside of the pressure vessel cannot be
over-emphasized. Most instances of major boiler
damage are the result of operating with low water
or ‘the use of untreated (or incorrectly) treated
water,

Always be sure of the boiler water level. The water
column should be blown down routinely. Check
samples of boiler water and condensate in accord-
ance with procedures recommended by your water
consultant. Refer to sections H and I in Chapter 2
for blowdown instructions and internal inspection
procedures.

Since low water cut-off devices are generally set by
the original manufacturer, no attempt should be
made to adjust these controls to alter the point of
low water cut-off or point of pump cut-in or cut-
out, If a low water device should become erratic in
operation or if its setting changes fram previous
established levels, check for reasons and correct:
repair or replace as required.

Figure 7-1 is a replica of the low water cut-off
plate attached to.a steam boiler, These in-
structions should be followed on a definite
schedule; These controls normally function for
long periods of time which may lead to laxity in
testing on the assumption that normal operation
will continue indefinitely.
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FIGURE 7-1. LW WATER PLATE

On a steam boiler, the head mecharism of the low
water cut-oif device(s) should be remaved from the
bowl at leaat once a month to check and clean the
float ball, the internal moving parts, and the howl
or water column.

Remove the pipe plugs from the tees or crosses and

make certain the cross connecting piping is clean

and free of obstructions. Controls must be mounted
in a plumb position for proper performance. Deter-
mine that piping is vertically aligned after ship-
ment and installation and throughout life of equip-
ment.

A scheduled blowdown of the watey conirols on a ‘

steam boiler should be maintained.

It is impractical to blowdown the low water cut-off
devices on a hot water boiler since the entire water

- content of the system would become involved.

Many hot water systems are fully closed and any

_ loas of water will require make-up and additional

feedwater treatment that might not otherwise be
necessary. Since the boiler and system arrange-
ment usually makes it impractical to perform daily
and monthly maintenance of the low water eut-off
devices, it is easential to remove the operating me-
chanism from the bowl annually or more fre-
guently, if possible, to check and clean float hall,
internal moving parts, and the bow} housing. Also
check the cross connecting piping to make certain
that it is clean and free of obstruction.

'

D. WATER GAGE GLASS

A broken or discolored glass should be replaced at
once, Periodic replacement should be a part of the
maintenance program. Always use new gaskets
when replacing a glass. Use a proper size rubber
packing. Do not use “loose packing’’ which could
be forced below the glass and possibly plug the

. valve opening,

Close the valves when replacing the glass. Slip a
packing nut, a packing washer, and packing ring

T T TR W e T AT T -_.;.-..-l.~._.~.~_‘-:\-..'.‘..‘-_-_¢-_
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onto each end of the glass. Insert one end of the
glass into the upper gage valve body far enough to
allow the lower end to be dropped into the lowe~

body. Slide the packing nuts onto each valve an /-)

tighten.

If the glass is replaced while the boiler is in.ser-
vice, open the blowdown and slowly bring the glass
to operating temperature by cracking the gage
valves slightly. After glass is warmed up, close the
blowdown valve and open the gage valves com-
pletely.

Check try-cocks and gage cocks for freedom of
operation and clean as required. It is imperative
that the gage cocks are mounted in exact align-
ment. If they are not, the glass will be strained and

AN AAbey A4 MARSy DA L3

may fail prematurely.

.,

E. ELECTRICAL CONTROLS

Most of the operating controls require very little
maintenance beyond occasional inspection. Exa-
mine tightness of electrical connections. Keep the
controls clean. Remove any dust that accumulates
in the interior of the control using a low pressure
air hose and taking care not to damage the

mechanism.

Examine any mercury tube switches for damage -

cracks: this condition, indicated by a dark scurl/j

over ‘the normally bright surface of the mercury,
miy lead to erratic switching action. Make certain
that controls of this nature are correctly leveled
using the leveling indicator if provided. The piping
leading to those controls actuated by pressure

- should be cleaned, if necessary, Covers should be

left on controls at all times.

Dust and dirt can cause excessive wear and
overheating of motor starter and relay contacts

" and maintenance of these is a requirement. Starter

contacts are plated with silver and are not harmed
by discoloration and slight pitting. Do not use files
or abrasive materials such as sandpaper on the
contact points since it only wastes the metallic
silver with which the points are covered. Use a bur-
nishing tool or a hard surface paper to clean and
polish contacts. Replacement of the contacts is
necessary only if the silver has worn thin.

Thermal relay units (overloads) are of the melting-
alloy type and when tripped the alloy must be
given time to re-solidify before relay can be reset.
If over-loads trip out repeatedly when motor
current is normal replace them with new
overloads. If this condition continues aft~—

cause of excessive current draw.

T

replacement it will be necessary to determine J)
o N

)
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RECOMMENDED MAXIMUM ‘‘FUSETRON" FUSE SIZES .

[SINGLE PHASE 50/60 HERTZ| _ THREE PHASE 50/80 HERTZ ‘
BLECTRICAL LOAD ™"410-120 v | 320240 v | 700208V | Z30560 V | 348416 V | 440480V | 580860V '
/4 HP MOTOR | FRN- 8 FAN - 412 [FRN- 1.8/10| FAN . 1-8/10 FAS- 1 |FAS- _ B/10|
1/3 HP MOTOR FRN - 9 FBN - 4-1/2 tFRN - 1-8M0lFRN - 1870 FRS - 1 FRS - 80
1/2 AP MOTOR | FRAN - 12 FRN - 6-1/4 ]FAN - 2810} FAN - 2B/10{FRS - 1-B/10|FAS - 14/0|FAS - 1
3/4 HP MOTOR - | FAN -17-12 [FAN - 9 FAN - 4-12 |FRN. 4772 [FRS - _2.1/4 |FRS - 1-B/i0|FAS - __1-4/10
1__HP MOTOR | FAN-20 FAN - 10 FAN- 5 FRN-_ 5  |FRS. 3-2/0|FAS . 2.1/ [FAS - 1810
1-1/2 HP MOTOR | FRN-25 FAN - 12 FAN -7 FAN- 7 |FRS- 4-1/10)FRS - 3-2/10|FAS - 2.1/2
2 -_HP MOTOR | FAN-30 FAN - 15 FAN-_ 9 FAN. 9 FRS - 5-8/10FRS - 4-1/10/FAS - 3-1/2 |
3 _HP MOTOR_ | FAN -40 FAN - 20 FRN - 12 FAN- 12 __|FAS- 8 |FAS. 6-14 [FAS- §
5 HP MOTOR FAN - 35 FAN- 20 |FAN. 20~ [FRS- 12 _|FR8. 10 _|FAS. 8
7-1/2 HP MOTOR i FRN - 30 FAN- 30 |FRS- 17-12 |FRS- 15 __ JFAS - 12
10 HP MOTOR FAN - 40 FRN. 35 |FRS. 20 _ |FAS . 17-1/2 [FAS - 15
15 HP MOTOR FAN- 60 |FRN- 60 |FRS- 30 |FRS- 25 |FRS- 20
20___HP MOTOR FAN - 70 FAN- 70 [FRS. 40 |FAS. 35  |FRS- 25
25 HP MOTOR FAN - 90 FAN- B0 _|FRS-. 50 |FRS- 40 |FAS . 35
3¢c___He mMOTOR FAN-T00 |FRN.100 |FRG&. 80 |FAS- 50 |FRS5. 40
40 HP MOTOR FAN-150 [FRN-150 [FRS- 80 |FRS- 70 _ |FRS- 50
50___HP_MOTOR FARN-175 [FRN-175 __ |FRS-100 _ [FRS- 80  |FRS- 70
60 ___HP_MOTOR FAN-200 |FRN-200 [FRS.125 _ [FRS-100 _ |FRS- 80
75 HP MOTOR FAN - 250 FAN -250 |FRS.150  |FRS -125  |FRS - 100
100 HP MOTOR FAN - 350 FRAN - 300 FAS - 150 _ |FAS - 125
125" __HP MOTOR FAN - 450 FRN - 400 FRS - 200 |FRS - 150
150 HP MOTOR FAN - 500 | FAN - 450 FRS-225  |FRS - 200
200___HP MOTOR FAN - 600 FRS - 300 |FRS - 250
2 KW HEATER | FAN -20 | FRN - 12 FAN. 7 |[FAN- 7 FAS - 4-1/10|FAS - 3-2/10]
3 KW HEATER | FAN -30 FRN - 15 FRN- 10 {FRAN. 10 __{FRS . 6-1/4 {FAS - 5-8M0JFAS - 4-110
5 KW HEATER | FAN-50 FRN - 25 FAN - 15 FAN- 15 |FRS- 10 __|FAS. 8 _ |FRS- 61/
7-12_KW HEATER - FAN- 25 [FAN- 25 |FRS. 15 |FAS- 12___|FRS- 10
10 KW HEATER FAN - 30 FAN-. 80 |FRS- 25 _ |FRS . 17-1/2 |[FRS- 12
15 KW HEATER FRN- 45 |FRN. 45 |FRS- 35 |FAS- 25 _{FRS: 20
CONTROL CIRCUIT ;
SERVICE VOLTAGE 1/2 KVA MAX. 1 KVA MAX. 1-1/2 KVA MAX.
110-120 FAN - 10_ FRN - 12 FRN - 15
208-240 FAN - 6-1/4 FRN- 7 FAN . 8
346416 _FAS - 410 FRS- 6 FRS. 7
440-480 FRS - 3-2/10 FRS. 41710 FRS - 6
550-600 FRS - 3.20 FRS - 4-1/10 FAS- 5
CONSULT CLEAVER-BROOKS ELECTRICAL ENGINEERING DEPT. FOR “FUSETRON" FUSE SIZE CAEViaED RS
FOR POWER SYSTEMS WITH VOLTAGE, FREQUENCY OR PHASE NOT MENTIONED ABOVE. C1a-8077

FIGURE 7-2. RECOMMENDED MAXIMUM “FUSETRON” FUSE SIZES

Power supply to the boiler must be protected with
dual element fuses (fusetrons) or circuit breakers.
Similar fuses should be used in branch circuits and
standard one-shot fuses are not recommended. In-
formation given in Table 7-2 is included for
guidance to fuse requirements.

F. PROGRAMMING CONTROL

This control requires no adjustment, nor should
any attempt be made to alter contact settings. The
contacts may require occaslonal cleaning. If so,
follow instructions given in the manufacturer’s
bulletin in rear of this manual. Do not use abrasive
materials. Keep the control cabinet door closed
during normal operation. The manufacturer’s
bulletin also contains trouble shooting in-
formation.

The flame detector lens should be cleaned as often
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as operating conditions demand. Use a soft cloth
moistened with detergent if neceasary.

Replacement of internal components, other than
the piug in dmplifier is neither practical nor re-

commended.

When replacing a control or cleaning contacts, be
sure to open the main power supply switch, since
control is “hot”’ even though the burner switch is
off. '

A periodic safety check procedure should be
established to test the complete safeguard system
at least once a month or oftener. Teats should
verify safety shut down and a safety lock out upon
failure to ignite the pilot, upon failure to ignite the
main flame, and upon loss of flame. Each of these
conditions should be checked on a scheduled basis.
These tests will also verify fuel valve tightness.




Checking Pilot Flams Fallure

Close the gas pilot shutoff cock (figure 1-3). Also
shut off the main fuel supply. Turn the burner
switch *'on’’, The pilot system will be energized at
the end of the prepurge period. Since there is no
pilot flame to be detected, the pilot valve will be
de-energized and the main fuel valves will not be
energized. Check to see that there ig an ignition
spark but no flame. The programmer will complete
its cycle during which time the lockout switch will
trip on a safety lock out activating the flame
failure light {and optional alarm),

Turn the burner switch off. Reset the safety switch
after aliowing the thermal element to cool for a
few moments. Reopen the gas pilot shut off cock
and re-estabiish main fuel suppiy.

Checking Fallure to Light Main Flame

Leave the gas pilot shut off cock open. Shut off the
main burner fuel supply. Turn theé burner switch
on, The pilot will light upon completion of the
prepurge period. The main fuel valve(s) will be
energized but there should be no main flame,
Relay 2K should drdp out within 4 seconds after
main burner ignition trial ends. The safety switch

should trip and lock out about 30 seconds after end

of the ignition trial. The flame failure light (and
optional alarm} will be activated.

Turn the burner switch off. Reset the safety awitch
after allowing the thermal element to cool for a
few moments, Re-establish the main fuel supply.

Checking Loss of Flame

With the burner in normal operation, shut off the
main burner fuel supply to extinguish main flame,
Relay 2K should drop out within 4 seconds after
flame is extinguished. The blower motor runs dur-
ing the post purge. The lock out switch will trip ap-
proximately 30 seconds later. de-energizing master
relay 1K. The flame failure light (and optional
alarm) will be activated. C

Turn the burner switch off. Reset the safety switch
after allowing the thermal element to cool for a
few moments. Re-establish main fuel supply.

G. OIL BURNER MAINTENANCE

The burner should be inspected for evidence of
damage due to improperly adjusted combustion.
The setting of the oil nozzle in relation to the dif-
fuser and other components is impartant for proper
firing and should be checked. See Section V in
Chapter 5. '

The seal between the burner housing and tixe oven
liner is extremely important. Its condition should
be checked periodically and repairs made as

necessary,
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ol Strainers

0Oil strainers should be cleaned frequently to main.

tain a free and full flow of fuel. ;

Light Olll Strainer . ‘ ‘/)

The fuel oil strainer screen must be removed and
cleaned at regular intervals, It is advisable to
remove this screen each month and clean
thoroughly by immersing in solvent and blowing
dry with compressed air. To remove, loosen cover
cap acrew .being careful not to lose the copper
gaaket. Tap strainer cover gently to loosen. Check
cover gasket, Slip pliers into the cross on the top of
the strainer and twist counterclockwise to remove
the basket. Re-assemble in reversa order.

Heavy Oll Strainer

Keep the cartridge of the Cuno strainer clear by
regularly giving the exterior handle one complete
turn in either direction. Do this often until ex-
perience indicates cleaning frequency necessary to
maintain optimum conditions of flow. If handle
turns hard, through occasional neglect, rotate back
and forward until handle can be turned through a
complete revolution. Do not force with a wrench or
other tool,

Drain sump as often as experience indicates the

necessity. Remove sump, or head and cartridge
assembly for thorough cleaning and inspection »*

“frequent intervals, Exercise care not to dama; /—-}

cariridge discs or cleaner blades. Wash cartridge i
sulvents. Do not attempt to dis-assemble cartridge,™

F_uol Oll Treatment

Conditions and the quality of the fuel oil being
supplied to the burner may vary to the extent and
degree that the use of fuel oil additives may be ad-
visable to obtain proper combustion and to sid in
pumping of the oil. The fuel oil storage tank(s)
should be checked periodically and cleaned of any
sludge deposits,

Cleaning Oll Nozzle

The design of the burner, together with the oil
purge system on a heavy oil burner, make it un-
necessary to clean the oil nozzle during periods of
operation. A routine check should be made during
off periods or when the burner is firing on gas and
any necessary cleaning performed.

If at any time the burner flame appears “stringy’’
or “lazy’’ it is possible that the nozzle tip or swirler
has become partially clogged or worn. Any block-
age within the tip will cause the air pressure gauge
to increase above its normal value.

To disassemble, unlatch and withdraw the burm;r
gun. Insert the nozzle body into the hanger vic( P
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NOTE: WHEN INSTALLING,
THIS HOLE MUST BE LO- :
CATED AT.3OTTOM OF
NOZZLE 8ODY.

NOZZLE TIP

SWIRLER

NOZZLE 80DY

FIGURE 7-3. EXPLODED VIEW OF BURNER
NOZZLE

and use the spanner wrench to remove the tip.
Carefully remove the swirler and seating spring
being careful not te drop or damage any parts. See
figure 7-3. :

Perform any necessary cleaning with a suitable sol-
vent. Use a brush or pointed piece of soft wood for
cleaning rather than wire or a-sharp metallic ob-
ject which is apt to scratch or deformi the orifices as
well as the precision ground surfaces of the swirler

‘and tip. Inspect for scratches or signs of wear or .

errosion which may make the noxzle unfit for fur
ther use. Take the necessary precautions in
working with solvents.

The tip and swirler are & matched set which was
precision lapped at time of assembly. Do not inter-
change parts if a spare is kept. In reassembling,
raake certain that the seating spring is in place and
that it is holding the gwirler tightly against the tip.
The swirler is stationary and does not rotate but
rather imparts a swirling motion to the oil.

Note the o-ring in the burner manifold block
{figure 5-14) which serves as & seal for the internal
oil tube. It is well to replace this item during the
annual inspection. At the same time inspect the in-
ternal surface of this oil tube. See that the piugged
hole is at the bottom of the nozzle body when the
gun is installed. (See figure 7-3).

Alr Purge Nozzie (No. 8 on)
Back Pressure Orlfice Nozzie (No. 2 Oll)

The nozzle and its strainer should be inspected
periodically and cleaned, The nozzle consists of &
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tip and internal core. Clean all internal surfaces of
the tip and the slotted parts of the core using a
wood splinter to avoid damage from scratching.
Replace core, setting it tightly but not excessively
s0.

Clean the strainer screen carefully to remove any
foreign matter, Use suitable solvents in cleaning.
Extremely hot water at high velocity is also helpful
in cleaning. Replace strainer by screwing it into
the nozzle body only finger tight. Do not use an ori-
fice of a size other than originally installed.

ignition System

Maintain the proper gap and dimensions of the’
ignition electrode(s) for best ignition results.
Figures 5-13 or 5-14 ghow the correct settings.

Inspect electrode tip for signs of pitting or com-
bustion deposits and dress as required with a fine
file. Inspect the porcelain insulator for any cracks
that might be present. If there are, replace elec-
trode since they can cause grounding of the igni-
tion voltage. Carbon is an electrical conductor, 80
it is necessary to keep the insulating portion of
electrode wiped clean if any is present, Ammonia
will aid in removing carbon or soof.

Check ignition cables for cracks in the insulation.
Also see that all connections between transformer
and electrodes are tight.

- Periodically remove the access plug from the gas

pilot aspirator (figare 5-14} and clean out any ac-
cumulated lint or other foreign material.

H. GAS BURNER MAINTENANCE

There is little maintenance required on the gas
burner itself beyond checking the burner com-
ponents for evidence of damage due to improperly
adjusted combustion,

Check periodically for a proper seal between the

end of the burner and oven refractory. See figure 7-
9. Also check to see that the diffuser is not covering
the gas exit holes in the burner housing. See figure

5-15.

Check the electrode setting and for any cracks that
might be present on the porcelain insulator. 1f
there are, replace electrode since they can cause
grounding of the jgnition voitage. Inspect the tip of
electrode for signs of pitting or combustion de-
posits and dress as required with a fine file. See
figure 5-14 for electrode settings.

Pariodically remove the access plug from the gas
pilot aspirator (figure 5-14) and clean out any ac-
cumulated lint or other foreign material.
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Check the ignition cables for cracks in the insu-
lation. Also see that all connections between trans-
former and electrode are tight.

I. MOTORIZED GAS VALVE

The motorized gas valve (Hydramotor) has its
operating mechanism completely immersed in oil
and because of the sealed design little main-
tenance is required. However, proper operation

- should be checked on a routine periodic basis,

Keep outer parts of the valve clean especially the
stem between the operator and the valve. The
packing gland is of the o-ring type and a nicked,
scored or otherwise damaged valve stem can cause
leakage. Do not remove dust covers if installed.

If oil is noticed around operator base or if leakage
occurs repair by replacing any leaking o-rings and
re-filling actuator with oil.

The manufacturer’s recommendations for re-filling
are as follows:

(a) Unscrew filler plug from top of unit, Use care
so that dirt, dust and lint do not enter during
refilling.

(b) Fill power unit with “AA’ Capella refrig-
erant oil, Capacity is 1 pint for H10 actuator
and 4 pints for H30 actuator.

NOTE: If nameplate has designation ‘F§’ use
Dow-Corning DC510 Silicon Oil. Do not
intermix with “AA' Capella Oil.

(c) Power actuator “on and off'’ for 15 to 20

minutes to release gir from cylinder and °

bring oil temperature to 68° F or above. Add
enough oil to fill container to base of filler
tube:
(d) Replace plug and tighten. .
If actuator is sluggish or fails to operate, even after
oil level is checked, replace entire operator portion.

Follow the manufacturer's recommendatmn for
replacement as follows:;

(a) Loosen lockscrew on the union nut im.
mediately below the indicator plate on the
actuator shaft. Unscrew union nut to detach
valve stem from actuator shaft. Do not
remove or alter the stem nut on the end of
valve stem.

CAUTION i

Do not use pliers on polished surfaces of valve
stem or actuator shaft.

(b} Energize actuator to relieve pressure of

closing spring.

(c) Remove mounting bolts holding actuator to
valve bonnet. '
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(d} De-energize actunator and lift off of valve
body., '

{e} Replace actuator with unit having same ac
tuator catalog number. Re-assembly is th
reverse of dis-assembly.

(f) Energize new actuator and secure to valve.

{g) Line-up prongs of stem head nut with slot in
actuator shaft,

(h) De-energi-zs actuator.-

(i} Make sure prongs are in slot. Tighten union
nut, Tighten lockscrew.

CAUTION
} WUOUPOPIIS |

If upper valve stem nut has been removed or its
position changed see “Stem Nut Adjustment’ in-
structions supplied with replacement actuator.

(j) Test for proper operation.

J. SOLENOID VALVES:
GAS PILOT-FUEL OIL-VENT VALVES
Foreign matter between the valve seat and seat

dise can cause leakage. Valves are readily dis-
agsembled, however, care must be used during dis-

‘agsembly to be sure that internal parts are no pu

9

damnged during the removal and that re-assembly

is in proper order.

A low hum or buzzing will normally be audxble
when coil is energized. If valve develops loud buz-
zing or a chattering noise check for proper voltage
and clean plunger assembly and interior plunger
tube thoroughly. De not use any oil. Make sure
that plunger tube and solenoid are tight when re-
assembled. Take care not to nick, dent or damage
the plunger tube.

Coils may be replaced without removing the valve

" from the line. Be sure to turn oif power to the

valve, Check coil position and make sure that any
insulating washers or retaining springs are re-
installed in proper order.

K. CAM SPRING

The fuel cam profile aprmg should be inspected
frequently for wear, scoring, or distortion. If any of
these questionable conditions are found the spring
must be replaced immediately to avoid the
possibility of breakage in service. Use care to avoid
damaging the spring during installation.
Lubricate occasionally with a2 non-gumming
dripless high temperature lubricant, such as
graphite or a silicone derivative.

j
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MOTOR
MOUNTING
" BOLTS

SETSCREWS

NOTE: FORCED DRAFT FAN
VANES MUST NOT
RUB ON HOUSING,
BUT CLEARANCE
MUST NOT EXCEED
0.050 INCH. ADJUST
BY MOVING FAN.
ON MOTOR SHAFT.

MOTOR
SHAFT

. AR
AIRDUCT INLET HOOD
! A
SKET
a3l MOUNTING
RUBBER FRAME
(853-899) # /
t’-'-—--—---:: SPACER
, NUTAND | \ M
LOCK WASHER N
L \
(32-23%8) STUD
GASKET CLamP EXTERNAL TOOTH
COVER v, | LOCK WASHER
(32-2327) | |
N 'rorcep
DRAFT
FAN " FAN
HOUSING

FIGURE 7-4.
FORCED DRAFT FAN MOUNTING

AND FLOW OF SECONDARY AIR

NOTE: Failure to follow instructions in Chapter 5§
pertaining to the adjusiment of the
modulating - cam will result in wear,
scoring or distortion. Although these
springs are apecially manufactured with
flat contact surfaces, any of the above con-
ditions may lead to breakage causing ex-
cess fuel imput.

L. FORCED DRAFT FAN

Figure 7-4 illustrates the forced draft fan and
motor mounting in relation to the fan housing. The
position of the fan housing and the clearance be-
tween it and the fan (impeller) is extremely im-
portant to the output capacity of the fan.

The procedure for installing and adjusting is as
follows:

1. Bolt the motor securely to the head.

2. Slide fan onto the shaft, but do not tighten
setacrews.

‘3. Turn spacers on studs until they contact
headplate. :

4. Install the fan housing on studs after placing
an external tooth lock washer next to the
spacer. Hold the fan housing in place with
nuts and lock washers. Tighten only finger
tight.

5. Slide fan until its vanes touch the fan
housing. All blades must be against the
housing. If necessary, adjust spacers until
housing is evenly. against all blades. Tighten
nuts to secure housing in place.

6. Slide fan toward motor and usea feeler gauge
to obtain .030 — .050"" clearance.

7. Tighten setscrew on key first and then tighten- - -

the setscrew at 20° from Ley.

8. Install air duct assembly through opening in
head. Tighten the screws securing the air duct
to the fan housing only enough to create a
seal between the neoprene gasket and the
housing, -

9. After connecting motor leads check rotation
of the impeller to be sure that it is counter-
clockwise when viewed from the motor end,

Check occasionally to see that fan is securely tight.
ened -to motor shaft, Check the clearance between
the fan vanes and housing as outlined above. If the
boiler is installed in a dusty location, check the
vanes for deposits of dust or dirt since these build-
ups can cause a decrease in air capacity or lead to
an unbalanced condition,

M. SAFETY VALVES

The safety valve iy & very important safety device
and deserves attention accordingly.

The purpose of the valve(s) is to prevent pressure
build up over the design pressure of the pressure
vessel, The size, rating and number of valves on a
boiler is determined by the ASME Boiler Code.
The inatallation of a valve is of primary import-
ance to its service life. A valve must be mounted in
a vertical position so that discharge piping and
Code required drains can be properly piped to

o
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prevent build up of back pressure and accumu-
lation of foreign material around the valve seat
area. Apply only a moderate amount of pipe com-
pound to male threads and avoid overtightening as
this can distort the seats. Use only flat jawed wren-
ches on the flats provided. When installing a
flange connected valve, use & new gasket and draw
the mounting bolts down evenly, Do not install or
remove side outlet valves by using a pipe or
wrench in the outlet.

A drip pan elbow or a flexible connection between
the valve and the escape pipe is recommended. See
Figure 1-9. The discharge piping must be properly
arranged and supported so that its weight does not

bhear upon the valve, -

Do not paint, oil, or otherwise cover any interior or
working parts of the safety valve. A valve does not
require any lubrication or protective coating to
work properly.

Follow the recommendations of your boiler in-
spector regarding valve inspection and testing. The
frequency of testing, either by the use of the lifting
lever or by raising the steam pressure, should be
based on the recommendation of your boiler in-
spector, and/or the valve manufacturer, and in ac-
cordance with sections VI and VII of the ASME
Boiler and Pressure Vessel Code.

Avoid excessive operation of the safety valve as’

even one opening can provide a means of leakage.
Safety valves should be operated only often enough
to-assure that they are in geod working order.

‘When a pop test is required, raise the operating .

pressure to the set pressure of the safety valve,
allowing it to open and reseat as it would in nor-
mal service,

Do not hand operate the valve with less than 75%
of the stamped set pressure exerted on the um-
derside of the disc. When hand operating, be sure
and hold the valve in an open position long enough
to purge accumulated foreign material from the
seat area and then allow the valve to snap shut.

Frequent usage of the safety valve will cause the
seat and disc to become wire drawn or steam cut.
This will cause the vaive to leak and necessitate
down time of the boiler for valve repair or replace-
ment. Repair of a valve must be done only by the
manufacturer or his authorized representative,

Avoid having the operating pressure too near the
safety valve set pressure. A 10% differential is re-
commended. An even greater differential is desir-
able and will assure better seat tightness and valve
longevity.

Steam is expensive to generate and, for the sake of
economy, wastage should be avoided whenever
possible. :
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N. FUEL OIL METERING VALVE,
ADJUSTING, AND RELIEF VALVES

If there are indications that the oil metering valv’

has become clogged at its orifice, it will be.-

necessary to dis-assemble the affected control to
remove the obstruction. Clean the slotted stem of
the oil metering valve with suitable solvent and
blow dry with an air line.

In the event that a leak occurs in the packing of
the metering valve, the packing nut should be
snugged gradually to stop the leak. EXCESSIVE
TIGHTENING OF METERING VALVE PACK-
ING NUT PREVENTS FREE MOVEMENT OF
THE METERING STEM,

If replacement of metering valve packing is
required, follow procedure for installation given in
bulletin that accompanies the kit or see page 8-10.

.If pressure adjusting or relief valves become

clogged, dis-assemble by releasing lock-nut and
backing off screw to relieve tension on diaphragm.
Remove valve cover and diaphragm. This will ex-
pose any dirt or foreign material which may have
entered the valves. Clean out carefully and re-

y

assemble, It is recommended that the diaphragms

be replaced annually.

O. THE AIR PUMP AND
LUBRICATING SYSTEM

Alr Pump

The air pump itself requires little maintenance,
however, the life of the pump is dependent upon a
sufficient supply of clean cool lubricating oil. The
oil level in the air-oil tank must be observed closely.
Liack of oil will damage the pump making replace-
ment necessary. Dis-assembly or field repairs to the
pump are not recommended. _

Lubricating ONI

Lubricating oil must be visible in the gauge glass at
all times, There is no specific level required as long
as oil is visible. Do not operate if oil is not visible.

Oil with proper viscosity must be used. SAE20 de-
tergent is recommended although SAE10 detergent
is also permissible, Name brands known to perform
satisfactorily include Havoline (Texaco), Mobil Oil
(Mobil), Shell X100 and Permalube {American}.

Follow this procedure when adding oil:

Remove the cover from the fill pipe and add oil
through the conical strainer in this pipe with the
unit running. Oil must NEVER be added unless the
pump is in operation and the strainer screen in
place,

The oil and its containers should be clean. Although
there is a strainer in the lube oil line its purpose is to
remove any unwianted materials rather than to act
as a filter for unclean oil.

T T L T N T T s T
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LUBRICATING OIL STRAINER AND

COOLING COItL.

Air pressure from the pump forces lubricating oil
from the tank to the pump, The oil lubricates- the
pump bearings and alsc provides a seal and lubrica-
tion for the pump vanes.

Earlier models have an oil strainer in the oil line be-
tween the cooling coil and the pump. The screen in
this strainer must be removed and cleaned at regu-
lar intervals. See instructions in a later paragraph.

Current models direct the oil flow from the cooling
coil to the filler pipe. The strainer screen in this pipe

strains the oil as it flows to the pump. With this-

system it is possible to visually verify oil flow during
operation by removing the filler cap and checking
the flow. If necessary, the strainer may be cleaned
during operation.

In the event that it is necessary to clean the strainer
during operation, clean it and replace immediately.
It can be cleaned by immersing in solvent and blow-
ing it dry with compressed air. Do not operate with-
out the strainer any longer than necessary and
never add new oil uniess it is in place. A spare
strainer basket can be obtained, if desired, and used
on a rotating basis while the other is serviced.

LUBE OIL STRAINER (EARLIER MODELS)

The lube oil strainer screen must be removed and
cleaned at regular intervals. It is advisable to
remove this screen each month and clean
thoroughly by immersing in solvent and blowing dry
with compressed air, To remove, loosen cover cap
screw being careful not to lose the copper gasket.
Tap strainer cover gently to loosen. Check cover
gasket. Slip pliers into the cross on the top of the
etrainer and twist counterclockwise to remove
basket. Re-assemble in reverse order.

AIR CLEANER ‘
Never operate the air pump without the air cleaner
in place. The cleaner itself must be periodically
checked and its element flushed and cleaned. The
correct level of oil must be maintained in the
cleaner. .

AIR-OIL TANK

Pads of steel wool are used in this tank as a filtering
medium to separate the lube oil from the com-
pressed air. Figure 7-5 shows a cross section of a
tank and the location of the steel wool.

These pads play a very important role and should
be replaced periodically. It is also important that a
* proper grade of steel wool be used, We recommend
No. 3 coarse grade American steelwool or equal
{CB819-124). Do not substitute other grades! 3 pads
are required. When replacing the wool, insert 2 pads
into the cylinder. Alternate the grain of the pads. In-
stall the spacer with its stub end toward the opening
and fit one pad over the stub. Be careful not to over-
ly compress the wool and be sure that it is fiuffed
out to fill all available space. Improper packing can
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AIR AND OIL AIR TC NOZZLE

PADS (3)
(COARSE GRADE)

O-RING GASKET

/

™ SEPARATED OIL
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TO COOLING COIL
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FIGURE 7-5. AIR-OIL RECEIVER TANK
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FIGURE 7-8

cause high oil consumption. After the last pad is in
place, slip retainer acreen onto the cylinder. Be sure
to fit o-ring gasket under the cover so that a tight

sea) is obtained.
Foliow previous instructions for oil replacement.

LUBE OIL COOLING COIiL

The fins on the tubing must be kept clean and free of
any dust or dirt that would impede air fiow and
cause overheating. Use an air hose to blow away
debris. Internal cleaning of the tubes is seldom re.
quired if & good quality Iube oil is used.
FLEXIBLE COUPLING ALIGNMENT

Alignment of the pump and motor through the flex-
ible coupling is of extreme importance for trouble
free operation. Check coupling alignment frequently

(w-\
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and replace coupling insert as required. Keep coup-
ling guard in place. .

The most commonly used tools for -checking align-
ment are a small straightedge and a thickness
gauge.

The coupling must be checked for both parallel
(offset) alignment and angular (gap) alignment.
Parallel misalignment exists when shaft axes are
parallel but not concentric (see figure 7-6). Angular

" misalignment is the reverse situation - shaft axes

concentric but not paraliel.
Checking parallel alignment, both horizontal and

. vertical, can be accomplished by laying 2 straight-

edge across the coupling halves and checking with a
thickness gauge to obtain the amount of misalign-
ment. This check shouid be done on the top of the
coupling and at least at one 90° intervals. A useful
hint is to hold a flashlight behind the straightedge
so that any gap can readily be seen.

Shim stock of appropriate thickness and area is then
used under either the feet of the pump or the motor
to establish parallel alignment. .008” tolerance is a
permissable limit.

After parallel alignment is established, check for
angular alignment. This is done by checking the gap
between coupling halves. The coupling should have -

a minimum gap of 1/16” and a maximum of 3/32"". -

Set the spacing between the halves at one point by

Unapter [—IOSP@UAIUIE BIU Svaaiismes

using a thickness gauge and then rotate the coupling
slowly to be sure that the halves are the same dis-
tance apart at-all points. Adjust to obtain proper

gap by loosening the hold down bolts and shifting -

either the pump or the motor as required. Generall’
a slight tapping on either the front or rear legs is a
that is needed to obtain lateral adjustment. Rea

_legs may require shimming for vertical correction.

Tighten the hold down bolts after adjustments are
made. '

Calipers can also be used in checking angular align-
ment, Measure the overall distance of the outer
ends of the coupling halves at 80° intervals, Shift
the pump or motor as required so that the ends of
the coupling are the same distance apart at all
points. The coupling will then have proper angular

alignment.

 Remember that alignment in one direction may

alter the alignment in another. Recheck thoroughly
both angular and parailel alignment procedures
after making any alteration. °

A properly aligned coupling will last a long time
and will provide trouble-free mechanical operation,

AIR PUMP REPLACEMENT

Refer to Figure 7-7 for identification of various
components and use the following procedures in
replacing the pump, Be sure to tag the motor leads,
if disconnected, to simplify reconnection.

|

ORIFICE

FRONT CYé.tNDER

PIN
\ '

FLARED NUT
ON TUBING
(BEHIND SCREEN)

TUBING
COIL TO PUMP

OIL LEVEL GAUGE  _

FIGURE 7-7. AIR PUMP MODULE L

TUBING
TANK TO COOLING FILLER P[PE
COoiL. AND STRAINER )
AIR CLEANER ‘ )
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DIS-MANTLING

1. Lift out the two front cylinder pins that hold
screen and remove screen. ‘

2. Disconnect the flared nut on tubing “A’
(behind screen) and lift tubing “A’’ high
enough to prevent drainage of lubricating oil
from the tank.

3. Disconnect the flared nut at the orifice fitting,

4. Remove the two sheet metal screws that hold
cylinder in place. One screw is located at the
top rear of cylinder, the other is at the bottom
front, .

5. Remove entire heat exchange assembly con-
sisting of the cylinder, the finned tubing, and
the oil line “B’’.

6. Remove fan from air pump,

7. Disconnect flexible air line from the lube tank.

8. Remove coupling guard by pushing in on both
sides until it clears clamp,

8. Loosen clamp at rear of tank and remove tank
with copper tubing “A” attached.

10. Leave the rear pump bracket (coupling end) in

place to aid in re-alignment of replacement

pump. Do this by removing the two cap screws
that extend through the bracket into the pump
housing, Temporarily leave the front bracket
attached to pump. .

11. Remove screws holding front bracket to base
and lift off the pump with its attachments,
Note location of the pipe fittings and brackets.
prior to removing for installation on replace-
ment pump. If piping is dismantled be sure
that the check valve is re-installed so that the
gate swings towards pump.

AEASSEMBLY

Reassembly should take place in reverse order of
dis-assembly. With the rear pummp bracket left in
place, re-alignment and spacing between the pump
shaft and the motor shaft is greatly simplified,

There should be approximately 7/8" space between
the two shafts, Place the coupling insert between the
coupling halves prior to reassembly. Check to see
that both shafts rotate freely.

Refer to section on coupling alignment instructions,

If shims were used originally under either pump
brackets or motor feet be sure that they are correctly
re-installed. _

REAR DOOR

BOLT
HOLES

VEE BLOCK MIX

BAFFLE
TILES

FURNAS CRETE
CASTABLE
REFRACTORY

SIGHT
TUBE

INSULATING
FLANGE CEMENT

REAR
DOOR  SIGHT TUBE
AIR LINE
ASBESTOS '
ROPE TADPOLE  SIGHT TUBE DOOR
GASKET AIR LINE  SECURING 'Nggh'ﬁr;‘!ﬁ

BOILER TUBE
FLANGE

BOLTS®

FIGURE 7-8. REAR DOOR OPEN
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USE 1/4™ .
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FIGURE 7.9. FURNACE LINER REFRACTORY - 400-800 HP

When re-installing the fan, slide the hub on the
pump shaft so that it ia bottomed. Tighten the set
screw and cap screws, If the fan blades were
removed from the hub, make sure that the side of
the blade marked “Blower’’ faces the hub when re-
assembling. When tightening the coupling halves or
the fan hub, tighten the setscrew against the key
first then tighten setscrew against the shaft. Clean
or remove any dust or grime from blades prior to re-
inatalling. )

When replacing retainer screen a slight force may be
required . to push the cooling coil into the air
cylinder so that pins may be fitted into place.

Make sure that all piping connections are tight.

If motor was replaced or if motor leads were discon-
nected, make sure that pump rotation is proper
before starting operation. The air pump should
‘rotate in & clockwise direction viewed from the drive
shaft end.

- GENERAL

"Keep the motor and other components free from
dust and dirt to prevent overheating and damage.
Motor lubrication should follow manufacturer’s
.recommendations.

P. REFRACTORY )

The boiler is shipped with completely installed re-
fractory. This consists of the rear head (figure 7-8),
the inner door and ‘the furnace liner (figure 7-9).
Normsl maintenance requires little time and ex-
pense and prolongs the operating life of the refrac-
tory. Preventive maintenance through periodic in-
spection will keep the operator informed of the con-
dition of the refractory and will guard against unex-
pected and unwanted down time and major repairs.

Frequent wash-coating of refractory surfaces is
recommedned. High temperature bonding air-dry
type mortar, diluted with water to the consistency of
light cream, is used for this purpose. Re-coating in-
tervals will vary with operating loads and are best
determined by the operator when the heads are
opened for inspection.

Fumace Liner

Maintenance consists of occasional wash coating of
the entire liner. Face all joints or cracks by applying
high temperature bonding mortar with a trowel or
fingertips. This should be done as soon as cracks are
detected. .

Should segments of the liner burn away or fallo . -
replace the entire refractory. Any refractory thl\\ )
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mn:y break out sliould be removed as soon s de-
tected so that it will not fuse to the bottom of the
furnace and obstruct the flame, ‘

If replacement is necessary refer to Chapter 8 and
order proper replacement materials. Remove exiat.
ing refractory. Thoroughly clean the furnace to
remove all old refractory cement or other foreign
material to insure new liner seating firmly to the
steel. Inopect furnace metal for soundness, There
may be metal clips welded in the furnace at the ex-
treme end of the liner. These were installed to
prevent shifting during original shipment and
serve no other purpose. They are tack welded and

can be removed when installing the new liner. If _

not removed, leave clearance between the clips and
the refractory to allow for expansion in this direc-
tion. .

Depending upon the design pressure of the boiler,
the furnace may be of the corrugated type.
Although it is not necessary to fill in the depres-
sions, for convenience of instaliation some or all of
the corrugation valleys may be filled with insu-
Iatiig cement. The liner tile should be fitted
tightly against the crown of the corrugations,

Liner Installation

The furnace lining is shown in figure 7-9. The

throat tile must be instalied to maintain an ap-
proximate 16 inch inside diameter and be centered
in the furnace. Since the thickness of the furnate
metal varies with the boiler design pressure, a
shim of appropriate thickness must be used to com-
pensate for this variance. A iayer or two of
asbestos millboard or a bed of refractory material
may be used to center the ring. The liner tile can
be fitted tightly against the furnace since the inside
‘diameter of these iz not an objective. ’

It is recommended that the tile be dry fitted, match

‘marked, removed and then reinstalled with the
proper amount of refractory cement. Thin joints
are desirable. Generally it will be necessary to.
shave a portion from one or more tile to obtain a
fit. If a fill piece is required, cut it to fit and install
this piece at the bottom of the furnace.

It is important to have a good seal between the
burner housing and the front face of the liner,
When installing the housing, liberally coat this
surface with refractory cement,

Allow refractory to air dry as long as possible. If
immediate use is required, fire intermittently at
low rate for several hours to thoroughly dry the re-
fractory.

For detailed information request Bulletin
C10.5821, )

Rear Door
The rear door is a steel shell containing horizontal
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baffle tiles and lined with insulation material and

. castable refractory (See figure 7-8).

Burned or discolored paint on the outer surface of
the door does not necessarily indicate refractory
trouble, but may he an indication of other con.

ditions such as:

{a) Leakin.g gasi:ets.
{b) Improper seal.
{c) Door retaining bolts insufficiently or un-
evenly tightened.
{d) The air line to the rear sight tube may be
blocked or loose.
. {e) Repainted with other than heat resistant
paint.
Therefore, before assuming that refractory requires
re-working:
(2) Check condition of tadpole gasket.

(b) Check condition of insulating cement pro-
tecting the tadpole gasket. :

(c)Check the horizontal baffle tile for large
cracks, breaks, chipped corners ete.

(d) Check for cracks in castable refractory at
ends of baffle tile.

{e) Check tightness of door bolts,

(f) See that air line to sight tube is clear and
connections are tight. If nécessaty, blow clear
with an air hose,

* It is normal for refractories exposed to hot gases to

develop thin “hairline”” cracks. Thia by no means
indicates improper design or workmanship. Since
refractory materiais expand and. contract to some
degree with changes in temperature they should be
expected to show minor cracks due to cantraction
when examined st low temperature. Cracks up to
approximately 1/8” across may be expected to

- close at high temperature. If there ate any cracks

that are relatively large (1/8" to 1/4" in width)
clean them and fill with high temperature bonding
mortar. Any gap that may show between the
castable refractory and the baffle tile should be
filled in a similar fashion. :

After opening the rear door, clean the flange with «
scraper or wire brush. Clean the surface of the re-
fractory carefully with a fiber brush to avoid
damaging the surface. Clean the mating surfaces of
the baffle tile and the boiler shell, Remove al}
dried out sealing material. Wash-coat the lower
half of the rear door refractory prior to closing.

The upper half of the door contains a lightweight
insulating material similar to that used in the in-
ner door. A thin wash-coat mixture applied gently
with a brush is helpful in maintaining a hard sur-
face.




——

DMl AT ety ey,

If the baffle tile or the refractory requires
replacement contact your local Cleaver-Brooks

representative or write to the Cleaver-Brooks Ser. -

vice Department for a copy of a bulletin covering
major repair ar replacement of rear door refrac-
tory.

Front innar Door

The front inner door is lined with a lightweight
castable insulation material. Thin “hairline”
cracks may develop after s period of time,
however, these will generally tend to close due to
expansion when the boiler is fired.

A thin wash-coat mixture applied gently with &
brush is heipful in maintaining a hard surface,

Minor repaira can be accomplished by enlarging or
cutting out affected areas, making certain that
they are clean and then patching as required.
Should the entire installation require replacement,
remove existing material and clean to bare metal.

Inspect the retaining pins and replace if necessary. .

Reinforcing wire suitably attached may also be
used. The recommended insulation is known as
Ves Block Mix and is available in 50 1b. bags (CB
Part Number 872-162).

Mix the material with water to a troweling con.

sistency, Mixing should be completely uniform
with no portion either wetter or drier than another,
Trowel this mixture into any areas that are being
patched. If replacing complete insulation begin at
bottom of door and apply the mixture to =
thickness equal to the protecting shroud. With a
trowel apply horizontally back and forth across the
door in layers until the required thickness is
reached. :
Allow to air-dry as long as possible, If immediate
use of boiler is required, fire an slowly as poasible
to avoid rapid drying of the material.

Q. DOOR CLOSING AND SEALING

Whenever the front or rear door is apened for in-
spection the head gaskets should be checked for
hardening and brittleness. Doubtful gaskets should
be replaced. Coat the gasket with an oil and
graphite mixture before closing the door. Make
certain that all gasket retaining rivets are in place,
‘The flange of the doors should be clean and free of
any hardened cement, scale etc.

Check the condition of the asbestos rope used as a
baffle seal. Replace if necessary. If the rope is in
good condition, liberally coat it with an insulating
pulp prior to closing. Make sure that the rope is
properly positioned. :

If it is necessary to replace the rope, wire brush the
tube sheet area to remove all old sealing material.
Place a new piece of 1-1/2"” diameter asbestos rope
(853-924) on the lip of the baffle tile. Hold it in
place with furnace cement or an adhesive,
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NOTE: Earlier models had several steel bar seg-
ments tack welded acroas the tube sheet to
serve as a gasket retainer for 5/8°° d° j
meter repe. It is suggested that these br’)
be removed and 1-1/2"" diameter ro, _
used, .
Generously apply = seal, consisting of a pulp mix-
ture of insulating cement and water, around the
entire rear door circumference. Place the pulp
around the inside diameter of the head gasket as
shown in figure 7-8. Also coat the tube sheet area
adjacent to the baffle tile,

When the door is closed, the pulp will compress to
protect the tadpole gasket and to form a seal be-
tween the refractory surface and the tube sheet.
The insulating pulp seal is not needed or used on
the front head. Make sure that gaskets are in posi-
tion when closing. .-

Door holts should be run in snug and tightened
evenly to avoid cocking door antd damaging gasket.
Start tightening at top center and alternate be-
tween the top and bottom bolts until both are
tight. Do not overtighten. Tighten alternate bolts
until door is secured and gas tight. After boiler is
back in operation re-tighten the bolts to com-
pensate for any expansion.

NOTE: Proper sealing of doors ix; essential to

avoid leakage of combustion gases an?
loss of heat and operating efficiency. f,) -

R. LUBRICATION

Electric Motors

Maenufacturers of electric motors vary in their
specifications for lubrication and care of motor
bearings and their recommendations should be

followed,

Bail bearing equipped motors are pre-lubricated. .

The length of time a bearing can run without
having grease added will depend upon many fac-
tors. The rating of the motor, type of motor en-
closure, duty, atmospheric conditions, humidity,
and ambient temperatures are but a few of the fac-
tors involved,

Complete renewal of grease can, when necessary,
be accomplished by forcing out the old grease with
the new, Thoroughly wipe those portions of the
housing around the filler and drain plugs (above
and below bearings). Remove the drain plug (bot-
tom) and free the drain hole of any hardened
grease which may have accumulated. With the
motor not running, add new grease through the
filler hole until clear grease starts to come out of
the drain hole. Before replacing the drain plug run
the motor for 10 to 20 minutes to expel any excer
grease, The filler and drain plugs should b’
throughly cleaned before they are replaced. e

J
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GASKETS

BOILER WATER CONNECTIONS

VISUAL INDICATOR

OUTLEY

CAPILLARY SPACE BETWEEN JUBES

.ol yd

INLEY

RETURN CONNECTIONS

INNER TUBE
OUTER TUBE

FIGURE .7-10. CIRCUIT LAYOUT OF HOT WATER OIL HEATER (ALSTROM)

The lubricant used should be clean and equal to
one of the good commercial grades of grease
locally available. Some lubricants that are
distributed nationally are: :

Gulf 0il —Precision Grease No. 2
Humble Qi ~—Andok B

Texaco ~—Multifak No, 2
Phillips —1 B + RB No, 2
Fiske Bros. —Ball Bearing

Lubripiate

Standard/Maobile —Mabilux Na, 2
Controt Linkage

Apply a non-gumming dripless high temperature
Iubricant, such s graphite or a silicons derivative
to all pivot points and moving parts. Work
lubricant in well and wipe excess. Repeat ap-
plication at required intervais to maintain freedom
of motion of parts.

Solenoid valves and motorised valves require no

lubrication,

S. oL HEATERS--ELECTRIC,
" STEAM, HOT WATER

Maintenance of theae heaters consists primarily of
removing the heating element from the shell and

' scraping any accumulation of carbonized ol or

sludge deposits that may have collected on the
heat exchanging surfaces,

Before breaking any of the electrical connections
to the electric heating elements, mark all wires
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and terminals to assure rapid and correct
replacement of wires,

Finish the cleaning process with ammonia to eyt

all hardened deposits from the heater element.
Becaure of the insulating effect of carbon and
sludge, periodic cleaning is necessary to prevent
over heating of the elements, If operation of the
heater becomes sluggish examine the elements at

. once and clean as required.

Inspect the shell or tank each time the heater is
Temoved, Flush all accumulated sludge and
sediment from tank before re-installing the heater,

The condensate from steam oil heaters must be
safely discharged to waste, This waste should be
checkei periodically for any traces of oil which
would indicate leaking tubes within the heater,

The hot water oi] heater (figure 7-10} contains a
heat transfer solution. Oi} flows through an inner
tube while bLoiler water surrounds the outer
tube. The space between the two tubes is filled
with the heat transfer solution and is connected to
a chamber on the rear of the heater, A visuai in-
dicator on this chamber reveals the presence of any
oil should an oil leak occur. A 50/50 solution of
Permanent anti-freeze and water is generally used
as the heat transfer solution, although if there is no
danger of freezing, plain water may be used as a
replenishment if necessary to refili,

Evidence of oil in either the steam heater con-
densate or in the water heater indicator demands
prompt repairs,
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PARTS ORDERING INSTRUCTIONS AND PARTS LIST f))

FURNISH COMPLETE INFORMATION WHEN
ORDERING PARTS — When ordering parts for
your boiler, be sure to include on your order the
boiler serial number shown on the name plate at-
tached to the front head. Your order should state the
Cleaver-Brooks part number and the name and
" description of the part required. State the quantity
desired, and specify method of shipment. Indicate
date material is required. If repair parts are required
for accessory equipment, such as an electric motor,
pump, etc.. which may not be shown, be sure to give
the complete name flate data from the item for
which the parts are required.

WHERE TO ORDER PARTS — Repair or replace-
ment parts should be ordered from your Cleaver-
Brooks representative.

RETURNING PARTS FOR REPAIR — Parta to be
repaired should be directed to your Cleaver-Brooks

representative, A purchase order or a letter authoriz-
ing repairs and giving complete details should be
mailed to your representative. Prior to returning,
please remove fittings -or accessories from the com-
ponent, properly drain and clean part to comply with
shipping regulations and include inside of the
package a packing slip identifying the part with your
company's name.

1f you desire to return parts for reasons other than
repair or exchange, please contact your representa-
tive stating reasons for the return and await permis-
sion and directions prior to returning the material,

Many controls and other components can be factory-
rebuilt (FR) or have a trade-in value. These items
are available on an exchange basis. Consuit your
Cleaver-Brooks representative.

Be sure to show the serial number of your unit on all
parts orders and correspondence.
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Chapter 8 — Parts List

CB PARTS LIST
NOTE

Blank space under “Usage’ indicates usage
on all sizes and series covered by this

manual,
Part No. | Reg, Description Usage
GASKETS

32-901 3 Gasket, Head, Front & Rear

32-993 1 Gasket, Inner Door. to Housing

32.979 1 (Gasket, Burner

32-980 1 Gasket, Support to Housing )

32-981 1 Gasket, Housing 5 Purmnace

853-3 1 Gasket, Rubber, 3/8"” OD x 88" (Burner Support

to Front Head)

B853.152 6 Gasket, Handhole, 3-1/4" x 4-1/2" {Asbestos)

853-618 1 Gasket, Manhole, 11" x 15" {Asbestas)

B53-394 | 8’ Gasket, Asbestos Tadpole (Front Baffle)

853-924 | 87 Gasket, Asbestos Rope {Rear Baffle)

32-2327 1 Gasket, Air Duct Cover

32-2328 { B’ Gasket, Air Hood to Impeller Housing

853-899 | 9’ Gasket, Sponge Rubber, 3/4” wide x 1/2* Air Duct
841.507 | 16 Fastener, Clip (Fustens Rear Head Gasket) .
841-551 | 28 Rivet, Split (Front Baffle and Inner Door)

BURNER PARTS

251-76 1 Nozzle, Tip and Swirler 400 HP

251-51 1 Nozzle, Tip and Bwirler 500 HP
251-68 1 Nozzle, Tip and Swirler 600-800 HP
82.7 1 Spring; Swirler

275-143 |1 1 Diffuser

435-71 1 Electrode, Gas Pilot
. 904-36 1 | Grommet, Rubber, Electrode

853-1 1 O-Ring, 1-1/4 OD (Electrode Gland Senl)

851-77 1 Mica, Porthole

134.50 1 Spider, Diffuser

90.-571 H Tube, Scanner Sight

32-497 1 Gasket, Scanner Tube

134-53 1 Holder, Gas Pilot Eléctrode

435.50 | "2 Electrode Light Oil Pilot
80-203 1 Tube and Sleeve, Qil to Nozzle

853-65 b1 O-Ring, 5/8" 0D Oil Tube
90-204 1 Tube, Block to Nozzle

277-15 i Body, Nozzle

106-48 1 Manifold Block

943-206 1 Wrench, Nozzle

8-902 1 | Bracket, Light Oil Pilot Electrode

899.59 1. | Nozzle (Orifice) 7.0 GPH Light Oil Orifice
27723 | 1 Body Nozzle Light Qil Pilot
2517 1 Nozale, Tip and Swirler Light Oil Pilot
82.34 1 Spring, Swirler Light Qil Pilot
924-49 Y Spring, Ignition Light Oil Pilot
94.179 2 Insulator, Ignition Light Oil Pilot
40-403 i Burner Housing Oil

40-409 1 Burner Housing Gas and Gas-Qil

8.2
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. Part No.| Req. Description Usage
’ ELECTRICAL CONTROLS AND COMPONENTS
832-107 1 Transformer, Ignition, 115 VI60 Hz 6,000 Sec. V Gas Pilot
832-118 1 Transformer, Ignition, 115 V/60 Hz 10,000 Sec. V. L.0. Pilot
817-16 "1 Contrel, Pressure, 2-15 1b, MH L404A L.P,
817-110 1 Control, Pressure, 10-150 1b, MH L404A Power to 150 b
B17-111 1 Control, Pressure, 20-300 1b, MH L404A Power Over 150 1b
B17-415 1 Control, Pressure, 2-15 lb, MH L404C LF.
817-109 1 Control, Pressure, 10-150 1b, MH L404C Power to 150 1b
817-900 1 Control, Pressure, 20-300 th, MH L404C Power to 250 1b
836-45 "1 Switch, Mercury, for L404A and L404C
817-251 1 Control, Pressure, 0-15 b, MH L91A L.P.
i 817-204 1 Control, Pressure, 5-150 1h, MH L91A Pawer to 150 lb
: 817-234 1 Control,- Pressure, 10-300 lb MH L9lA Power Over 150 1b
832-764 1 Coil, Potentiometer for L91A
817-400 1 Control, Temperature, 100-240 degrees F, L4008BA Hot Water
817-1050 1 Control, Temperature, High Limit, L4008E Hot Water
817-1244) 1 Control, Temperature, 160-260 degreel F, T991A Hot Water
817-399 1 Well For L4008A & E
817-378 1 Weil For T991A
828.27 3 | Clp For 817-399
B 904-60- 3 Grommet And B17-378 Wells
i 894-2812| 1 Motor, Modulating, M954C
B94.2834 1 Motor, Modulating, M954B .
832-235 1 Transformer, Damper Motor, 115/25V, 60 Cycieu
. 836-209 1 Potentiometer, MH 30112
, 836-471 i Switch, Burner, DPST
836-474 1 Switch, Manual-Aute, DPDT
£36-223 1 Switch, 0Qil-Gas Selector
817-436 1 Switch, Air Pressure MHC645A1 Combustion Air
836-418 1 Switch, Air Pressure, Dietz 161 P15 Atomizing Air -
29266 1 Ignition Cable Assembly, 20" -
295.94 1 Ignition Cable Assembly, 23"
292.95 1 Ignition Cable Assembly, 25
836-320 1 Thermoswitch, Fenwall
B832.-311 1 Condenser, .005 MFD
836-65 1 Thermostat, 100-240 degrees F, WR 11B0b
836-72 1 Thermostat, 100-240 degrees F, WR 11B18
836-89 1 Switch, Micro, YZLN,RH Burner Interlock
1 881-226 2 Neon Lamp, Clear
881-225 2 Neon Lamp, Red
817-774 1 Switch, Gas Pressure, C645A 3-21"" WC 400-HP LGPS
817-1935{ 1 Switch, Gas Pressure, C645B 5-35"" WC 400-HP HGPS
817.751 1 Switch, Gas Pressure, C437E 1/2-5 lba, 500-800 HP LGPS
817-752 1 Switch, Gas Pressure, C437D 1/2-5 1bs. 500-800 HP HGPS
PROGRAMMING CONTROLS AND COMPONENTS
833-2200] 1 -Control, Programmer, CB-20
'833-2201 1 Control, Programmer, CB-40
@ - 1833.2204( 1 Amplifier, Infra-red, R7248A41020 For ‘CB-20 & CB-40
; 833-2205 1 Amplifier, Infra-red (Ampli-check) R7248B
. 1817.1801 1 Cell, Lead Sulfide {Infra-red) 104662D i
817-1742| 1 Flame Detector, Assembly C7015A Includes Cell, Cable,
1 Lens, Etc. (
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Part No.| Req. Description Usage (
833-2209; 1 Purge Extender - (Plug-in Module) For CB-40
-The following are used on special
order or preceded the above.
833-1964| 1 Control, Frogrammer, CB-2-1A
833-1965 1 Control, Programmer, CB-4-1A
833-1967 1 Amplifier, Infra-red, R72584A ) For CB.2-1A & CB-4-1A
833-1921 1 Control, Programmer, CB-3
B33-1814 1 Control, Programmer, 6080C
832-160 1 Cell, Lead Suifide, Fireye
817-139 1 Flame Detector, Assembly, Fireye g :
832.747 1 Tube, Electron, 12AX7 For CB-3 & 6080C
832.748 1 Tube, Elactron, 12RHTA )
The following are factory rebuilt
controls available on a trade.in
exchange basis only.
833-2222 | 1 Contrel, CB-20 (FR)
833.2223 1 Control, CB-40 (FR)
833-2045 1 Control, CB-2-1A {FR)
833-2046 1 Control, CB-4-1A (FR)
833-1883 | 1 Control, 6080C (FR)
833-1936 1 Control, CB-3 (FR) ; :
833-2224 | 1 - | Amplifier, R7248A (FR) ' CB-20, CB-40
B33:2047{ 1 Amplifier, R7258A (FR) CB-2-1A, CB-4-1A
833-2226 | 1 Purge Extender (FR) ~ C
_ BLOWER MOTOR AND DRIVE PARTS
B94.2626 1 | Motor, 10 HP, 200/3/60/3600 ‘ 400 HP
894-2627 1 Motor, 10 HP, 230/460/3/60/3600 400 HP
894-2628 1 Motor, 10 HP, 575/3/60/3600 400 HP
894-2630 1 Motor, 15 HP, 200/3/60/3600 500 BP
894-2631 1 Motor, 15 HP, 230/480/3/60/3600 500 HP
B94-2632 | 1 | Motor, 15 HP, 575/3/60/3600 500 HP
894.-2634 1 Motor, 20 HP, 200/3/60/3600 600 HP
894-2635 1 Motor, 20 HP, 230/460/3/60/3600 600 HP
894-2636 1 Motor, 20 HP, 575/3/60/3600 . 600 HP
894-2638 1 Motor, 30 HP, 200/3/60/3600 700 HP
894.2639 1 Motor, 30 HP, 230/460/3/60/3600 700 HP
894-2640 1 Motor, 3¢ HP, 575/3/60/3600 760 HP
894-3193 1 Motor, 50 HP, 200/3/60/3600 800 HP
B894-3173 1 Motor, 50 HP, 230/460/3/60/3600 800 HP
894-3194 1 Motor, 50 HP, 575/3/60/3600 800 HP
NOTE: Above are normally used motors, Check
name plate prior to ordering and if different -
than above, furnish complete data. . )
192-170 1 Impeller, 17" 400 HP
192-171 1 Impeller, 19’ 500 HP -
192-172 1 Impeller, 21" 600 HP
192.173 1 Impeller, 23" 700 HP
192:219 | 1 | Impeller, 26-3/4” 800 HP _
NOTE: Above are standard impellers. Variations
may occur depending on motor selection and Q
altitude. -
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Part Nu.l Req. I Description Usage
WATER CONTROL PARTS
817-85 1 Control Head Mechanism, MCD&M 150 HD L.P. Only /k)
817-99 1 Control Head Mechanism, MCD&M 150 M - HD Power to 160 °1b
817-389 1 Control Head Mechanism, MCD&M 194 M - HD’ Power Over 150 1b
836-44 | Switch, Mercury, 3 Wire, Auto Reset, SA-150-124 L.P.
836-93 1 Switch, Mercury, 3 Wire, Manual Reset, SA-150M-124 Power to 150 1b
836-45 1 Switch, Mercury, 2 Wire, SA-150-125
$53.268 i Gasket, Float Housing, 150-14
851-44 1 Glass, Gauge, 5/8"° x 10-3/4"" Power to 150 1b
851-159 1 | Glass, Gauge, 5/8'" x 9-1/2"” Power Over 150 lb
853-115 2 Gasket, Gauge Glass, 5/8"
825-352 1 Set, Gauge Glass Valves
825-92 3 Trycock, Coiumn, 1i2” Dower to 200 1b
825-154 3 Trycock, Column, 1/2" Power Over 200 1b
: NOTE: Above are standard controls-and parts.

Exceptions may exist depending on job variations.

Consult local service agency or Cleaver-Brooks

Parts Department, for information or exceptions

and also for exchange policy on MCD&M controt

heads.

GAUGES AND THERMOMETERS
850-3 1 Gauge, 2-1/2", 0-60 lb.
850-61 1 Gauge, 2-1/2"", 0-1060 1b.
850-237 1 Gauge, 2-1/2”, 0-150 Ib.
850-109 1 Gauge, Gas Préssure, 0-20 oz. & 0-35" CB 400
B850-580 1 Gauge, Gas Pressure, 0-60" CB 500
850-1093} 1 Gauge, Gas Pressure, 0-100” CB 600-800 /_\)
850-264 1 Gauge, 8-1/2", 0-30 Ib, 0-30” L.P. )
850-104 1 Gauge, 8-1/2", 0-300 1b Power -
850-391 1 Gauge, 3-1/2", 0-100 1b . Qil Controller
937-145 1 Thermometer, Stack, 5, 200-700 degrees
937-27 1 Thermometer, 100-300 degrees F, 6"’ Hot Water
937-49 1 Thermometer, 2", 50-300 degrees F Oil Temperature
GAS VALVES AND COMPONENTS
940-278 1 Valve, Solenoid, 1/2”, 115/60, K3A Gas Pilot
832-208 1 Coil, Solenoid, 115 V. For 940-278
918.93 1 Regulator, Gas, 1/2", R400S Gas Pilot
940-648 1 Valve, Gas, 4>’ Flanged, H118AN
945-102 1 Actuator, 115 Volt, H30A '
949-186 1 Vaive, Gas, 4'' Flanged, H118AN Has Proof of
945-152 1. Actuator, 115 Volt, H30A Closure Switch
8563-403 2 Gasket, 4'' Flange
940-165 1 Valve, Gas Butterfly, 4" :
948-55 1 Valve, Solenoid, 2”* N.O. 821583 Main Vent VYalve (FIA)
832-895 1 |- Coil, Solenoid, 115V For 948-65
880-115 1 Kit, Spare Parts For 948-55
948-2 1 Valve, Solencid, 3/4"" N.C. 8030883 Main Vent Valve
. (and FIA Pilot)
832-721 1 Coil, Solencid, 115V For 948-2
8890-116 1 Kit, Spare Parts For 948-2 |
LINKAGE PARTS

2-149 1 Arm, Modulating Motor =l
10-91 1 Bushing, Modulating Motor Shaft § )
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Part No.| Req. Description Usage
883-17 5 Ball Joint
10-288 5 Bushing, Ball Joint
2-160 2 Arm, Jack Shaft
313-9 1 Cam
§2-111 1 | Spring, Cam
24-41 1 Stem, Gas Valve Cam Linkage
82-1 1 Spring, Gas Stem
987:24 1 Arm, Gas Butterfly Linkage
287-5 1 Arm, Gas Butterfly Actuating
82-27 2 Spring, Over-Ride
882-15 2 Arm, Spring Hoelding
2-43 1 Arm, Burner Damper
AIR PUMP AND LUBE PARTS

505-98 1 Pump, Air, 5"’
843-82 1 Cleaner, Air
853-879 . 1 O-Ring, Lube Tank Cover
919-124 a Pad, Stee] Wool No. 3 coarse.
529-11 1 Strainer
171-28 1 Basket, Strainer
32-350 1 Gasket, Cover
32-351 1 Gasket, Cover Bolt
171-114 1 Basket, Oil Inlet Filter
819-20 1 Coupling, Flexible
819-56 1 Insert, Flexible Coupling, L- 100
850-647 1 Gauge, Oil Level
880-102 1 Kit, Glass and O-Rings
894-2755 1 Motor, 5 HP, 200/3/60/1760
894-2756 1 Motor, 5 HP, 230/460/3/60/1750
894-2757 1 Motor, 5 HP, 575/3/60/1750
861-346 1 Hose, Air
813-146 1 Fan, Cooling
813-124 1 Hub, Fan

) FUEL OIL COMPONENTS
948-155 1 Valve, Solenoid, 1/2", 8266B77L
832-1066 1 Coil, Solenoid, 115 V For 948-1556
880-107 1 Kit, Spare Parts For 948-155
948-153 1 Valve, Sclenoid, 1/4™, 8262B202 Light Oil Pilot/Air Purge
832-721 1 Coil, Solenoid, 115 V For 948-153
880-77 1 Kit, Spare Parts For 948-153
949-183 1 Valve, Motorized, 1/2”, HOV1A302T168 FM
B47-1715 | 2 Swivel Joint, 1/2"
861-226 1 Hose, Oil, 1/27" x 34"
861-371 1 Hose, Air, 3/4" x 39"
940-995 1 Valve, Relief, 3/4"", K200A Light Oil
940-2296 | 1 Valve, Relief, 3/4, VJ4 Heavy Oil
899-51 1 Nozzle, Back Pressure Orifice, 24 GPH Light Oil
899-80 1 Nozzle, Air Purge Orifice, 6 GPH Heavy Oil
843-81 I Strainer, 3/4”", 005" CUNO GU Light Oil
853-309 1 Gasket, Cover For 843-81
843-13 1 Cartridge, Replacement For 843-81
843-244 1 Strainer, 1'*, .008" CUNO EGU Heavy 0il
853-310 i Gasket, Cover . For 843-244
843-245 1 Cartridge, Replncement For 843-244
923.47 1 Strainer, Oil, 2 Morrison Suction Line
853-316 1 Gasket, Morrison Strainer
930-8 1 Basket, 10 Mesh, Morrison Heavy 0il
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Part No.| Req. Description Usage
923-290 1 Basket, 40 Mesh, Morrison Light Oit _
: o
The following 6 items are applicable to : j
400, 500, 600 HP boilers that had T
the oil valve and air purge valve built
inta the fuel oil controller.
940-1491 | 1 Valve, Solenoid, Oil 400-600 . Series
832.297 1 Coil, Solenoid, 115 V Yor 940-1481
880-73 1 Kit, Repair, Solenoid Valve For 940-1491
940-1514 | 1 Valve, Solenoid, Air Purge 400-600 Series
832-721 1 Coil, Solenoid, 115 V For 940-1514
880-77 H Kit, Repair, Solenoid Valve For 940-1514
REPLACEMENT PARTS
FUEL CIL CONTROLLER (SEE FIGURES 1-5 snd 1.8)
313-.9 1 Cam (Includes Spring and-Setscrews)
82-111 1 ~8pring, Cam
24.46 1 Stem, Metering Valve, No. 6 400 HP
24-44 1 Stem, Metering Valve, No. 7 500-700 HP
24.51 1 Stem, Metering Valve, No. 8 800 HP
82-1 1 Spring, Stem ‘
908-113 1 - | Kit, Packing, Metering Stem
860-391 1 Gauge, 3-1/2"", 0-100 lbs. (Back Connection
937-49 1 ‘Thermometer, 2", 50-300 degrees
945-104 1 Diaphragm, Set of 2 Controller Reducing }
' Valve
32-1296 1 Gasket, Diaphragm Sy
8BO-75 1 Kit, Repair Parts (Includes Two Items Above)
194-80 1 Diaphragm, Assembly Controller Back Pressure
Valve
32.1241 1 Gasket, Diaphragm :
880.76 1 Kit, Repair Parts (Includes Two Items Above)
48-201 1 Orifice, Metering Valve 460-7C0 HP
48-205 i Orifice, Metering Valve 800 HP
B82-72 1 Spring, Orifice Retainer
32-1248 1 Gasket, Orifice Spring Cover
66-113 1 Packing, Manual Valve Stem
REFRACTORY
94-344 a5 | Tile, Throat
94-205 33 | Tile, Furnace Liner 400-500 HP High Pressure
94.205 35 |Tile, Furnace Liner 400-500 HP Low Preesure
94-205 49 | Tile, Furnace Liner §00-800 HP High Pressure
94-205. 59 | Tile, Farnace Liner 800-800 HP Low Pressure
872-469 1 Shim, Throat Tile, Millboard (1/4" x 7 x 24°)
94-189 19 [ Tile, Rear Baffle _ _
872-47 1 Cement, Refractory (50 lb drum)
872-96 1 Cement, Furnas-Crete {100 1b bag)
872-162 1 Cement, Vee-Block Mix (50 1b bag)
B72-26 1 Cement, Insulating (Bulk Quantity)
465-167 1 Door, Front Inner, Insulated
NOTE: For rear door refractory repairs consult
your lacal service agency or Cleaver-Brooks e
Parts Department. ‘ )

e A R e S U S R R e 3 R B
> > SR . R R BN e e e RIS RS




Chapter 8 — Parts List

Part No. | Req. Description Usage
OIL HEATING EQUIPMENT
832509 | 1 Heater, Electric, 7-1/2 KW, 230 Voit Steam Boiler
832-510 1 Heater, Electric, 7-1/2 KW, 460 Volt Steam Boiler
832-520 1 Heater, Electric, 7-1/2 KW, 550 Volt Steam Boiler
832-981 1 Heater, Electric, 10 KW, 230 Volt Steam Boiler
832.982 1 Heater, Electric, 10 KW, 460 Vit Steam Boiler
832-983 1 Heater, Electric, 10 KXW, 550 Volt Steam Boiler
832-940 1 Heater, Electric, 10 KW, 208 Volt Hot Water Boiler
832-941 1 Heater; Electric, 10 KW, 240 Volt Hot Water Boiler
832-942 1 Heater, Electric, 10 KW, 480 Volt Hot Water Boiler
£832.9042 1 Heater, Blectric, 10 KW, 550 Valt Hot Water Boiler
863-692 1 Gasket, BElectric Heater
32-2394 1 Gasket, O-Ring Backup
652-24 1 Heater, Steam (Less Electric Heater)
534-277 1 Tube Bundle, Outer Steam Heater
191-1356] 1 Tube Bundle, Inner Steam Heater
32-1106 2 Gasket, Tube Sheet, Outer Steam Heater
32-1105 1 Gasket, Tube Sheet, Inner Steam Heater
91-45 8 Washer, Copper Electric Heater
934.59 1 Steam Trap, 3/4"’
817-260 1 Regulator, Steam, 1/2"°, 11-016 160 PSI Steam
880-93 1 Kit, Repair Parts, for Steam Regulator .
817-330 1 | Regulator, Steam, 1/2", Fisher 95H 150-260 PSI Steam
948-222 1 Valve, Solenoid, 1/2", Gen. Cont. S401A High Pressure Steam
948-55 1 Valve, Solenoid, 3/4", Asco 8210 Low Pressure Stesm
832-1123] 1 Coil, Solenoid, 115 Velt For 548.222
832-7T79 1 Coil, Sclenoid, 115 Volt For 948-65
880-80 1 Kit, Repair Parts, Solenoid Valve For 940-516
880-94 1 Kit, Repair Parts, Solenoid Valve For 948-65
OIL PUMPS
801-204 1 Pump, Tuthill2L-C No. 2 0il
| 901-1340| 1 Pump, Viking HL-432 No. 6 0il

819-198 1 Insert, Coupling Lovejoy LO75
819-203 1 Coupiling Half, 7/16"", Lovejoy L075 Pump Shaft
818-200 1 Coupling Half, 5/8"”, Lovejoy L075 Motor Shaft
809-147 1 V-Belt, A46S
925-155 1 Seal, Mechanical, Viking For 801-1340
529-11 1 Strainer, Oil No. 2 0il
171-28 1 Basket, Strainer For 529-11
32-350 1 Gasket, Strainer Cover For 529-11
32-351 1 Gasket, Strainer Bolt For 529-11
923-47 1 Strainer, Oil, 2'", Morrison No. 6 Oil
930-8 1 Basket, 2" Strainer For 923.47
853-316 1 Gasket, 2'' Strainer For 923-47

The above are standard pumps. There are many

variations and it is not practical to list exceptions

or the various motors. When ordering give

compiete nameplate data.

P
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Part No. | Req. Deacription Usage
OIL HEATING EQUIPMENT
832.509 1 Heater, Electric, 7-1/2 KW, 230 Volt Steam Boiler
832-510 1 Heater, Electric, 7-1/2 KW, 460 Volt Steam Boiler
832-520 1 Heater, Electric, 7-1/2 KW, 550 Volt Steam Boiler
832-981 1 Heater, Electric, 10 KW, 230 Volt Steam Boiler
832.982 1 Heater, Electric, 10 KXW, 460 Volt Steam Boiler
832-983 1 Heater, Electric, 10 KW, 550 Volt Steam Boiler
832-940 1 Heater, Electric, 10 KW, 208 Volt Hot Water Boiler
B832-941 1 Heater, Electric, 10 KW, 240 Volt Hot Water Boiler
832-942 1 Heater, Electrie, 10 KW, 480 Volt Hot Water Boiler
832.943 1 Heater, Electric, 10 KW, 550 Volt Hot Water Boiler
853-692 1 Gasket, Electric Heater
32-2394 1 Gasket, O-Ring Backup
652-24 1 Heater, Steamn (Less Electric Heater)
534-277 1 Tube Bundle, Outer Steam Heater
191-1356 1 Tube Bundle, Inner Steam Heater
32-1106 2 Gasket, Tube Sheet, Outer Steam Heater
32-1106 1 Gasket, Tube Sheet, Inner Steam Heater
91-45 8 Washer, Copper Electric Heater
93459 | 1 Steam Trap, 3/4" .
817-260 1 Regulator, Steam, 1/2"*, 11-016 150 PSI Steam
B80-93 1 Kit, Repair Parts, for Steam Regulator )
817-330 1 | Regulator, Steam, 1/2”, Fisher 956H 150-250 PSI Steam
948.222 1 Valve, Solencid, 1/2"', Gen. Cont. S401A High Pressure Steam
948-65 1 Valve, Solenoid, 3/4", Asco 8210 Low Pressure Steam
832-11231 1 Coil, Solenoid, 115 Volt For 948-222
832-779 | 1 | Coil, Solenoid, 115 Volt For 948-65
880-80 1 Kit, Repair Parts, Solenoid Valve For 940-515
880-94 1 Kit, Repair Parts, Solenoid Valve For 948-65
OIL PUMPS
901-204 1 Pump, Tuthili2L-C No. 2 Oil
| 801-1340f 1 Pump, Viking HL-432 No. 6 0il
819-198 1 Insert, Coupling Lovejoy LO75
819-203 1 Coupling Half, 7/16", Lovejoy L075 Pump Shaft
i 819-200 1 Coupling Half, 5/8'", Lovejoy L075 Motor Shaft
[ 809-147 | 1 V-Belt, A46S .
. 925-155 1 Seal, Mechanical, Viking For 901-1340
. 529.11 1 Strainer, Oil No. 2 Qil
171-28 1 Basket, Strainer For 529-11
32-350 1 Gasket, Strainer Cover " For 529-11
32-351 1 Gasket, Strainer Bolt For 529-11
923-47 1 Strainer, Qil, 2", Morrison No. 6 Qil
: 930-8 1 Basket, 2'' Strainer For 923-47
853-316 1 Gasket, 2" Strainer For 923-47
I : -
' The above are standard pumps. There are many
variations and it is not practical to list exceptions
or the various motors. When ordering give
complete nameplate data.




. Part No.| Req. . . Description - Usage

W SAFETY VALVES

Because of the many variations in pressure settings
and sixzes, it is impractical to list safety or relief valves.
Furnish nameplate data of existing valve when order-
ing replacement,

o

MISCELLANEOUS
i 814-7 1 Brush, Flue, 2-3/8""
2 550-42 1 Window, Observation Rear Door
| 851-26 1 Glass, Pyrex
: 853-213 2 Gasket, Sight-Hole
868-819 27 Capscrew, 7/8" x 6" Head Bolts .
51-162 27 Nut, Headbolt, 7/8*
317-60 6 Cover, Handhole, 3-1/4" x 4-1/2'"
104-449 6 Yoke, Handhole 16 PSI and Hot Water
958.48 6 Yoke, Handhgle Power Boiler (U.8.)
958-49 6 Yoke, Handhole Power Boiler (Canada)

e

IMPORTANT NOTICE

: } " The manufacturer’s bulletin for the particular Flame Safe Guard

i and Programming Control installed on your boiler is supplied
along with'this operating manual. In the event that a replacement
control bulletin is required, the model and form number is listed
below. Order from your Cleaver-Brooks representative.

+ | CLEAVER-BROOKS | MANUFACTURER’S

i CONTROL MODEL BULLETIN NO. BULLETIN 'NO.

. CB-20 C9-767 —

, CB-40 C9-768 —_—

| CB-3 C9-758 : —

| 4580 _ — C-60

| 5022 — | C-14

' 6080, 6580 — C-30

| 8-9
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GAM FOLLOWER -

WASHER, STEEL *®
PACKING RING *

-~ PACKING, TEFLON ¥
~ QUIDE, BRASS *

}

:O};tIFlGE

—
& f
- ' ~— -
]
\METERIB_JB VALVE STEM

o—— ..H g S
Ty S ORIFICE RETAINING .
%“:'j‘ SPRING

OlL TO
BURNER

CONSTRUCTION "
USING TWO GUIDES* INCLUDED IN KiT lﬂ‘-“:!

OIL METERING VALVE

INSTRUCTIONS FOR REPLACING OIL METERING VALVE PACKING

A. Shut oft the oi! flow. Be sure no pressure shows on gauge.

B. Match mark the cam hub and drive shafl. This will enable
replacement of the cam in the original position and result in a mini-
mum of cam adjustment when burnar Is refirad. .

C. Clamp or hold the matering stam in the down position.

D. Loosen the satscrews in the cam hub and rotate cam to a position
-where it does not interfere with stem removal; or, remove the cam
fram the shaft.

E. Withdraw maetering valva stem and spring. Do not drop or mis-handie,

Check for nicks or scratches. Ensure that pin holding metering por-

tlon Is not protruding. Back off the packing gland.

To raplaca packing, It s necessary to.ramove the jack shaft support

bracket. In most instances, the removal of the two cap, screws will

permit the bracket to be moved, although il may be necessary t0

loosen the securing bracket on the opposite end of the shatft.

G. Remove existing packing rings and guids. (Note that either one (1) of
two (2) guides are usad dapending upon construction.}

H. Lightly coat the stem with grease or \ubricating oll. Place new pack-
ing and guide(s) fuilly onto the stem, in the sequence shown on the re-
versg. The beveled face of the guide and teflon rings must face up-

ward.
i. Using the stem as a gulde, insert the assembled packing into the

cavity; than withdraw the stem.

J. Replace stee! washar and gasket. Put support bracket in place and
sacure al! fastenings. :

K. Replace maetering 'stem and s

F

-

pring. Lightly coal the stem with grease
or lubricating oil to facilitate insertion and sasy movemant. Use gare
when inserting so that the orifice and the stem are not damaged.

L. Snug the packing gland, but only sufficiently to place slight tenslon
on the packing. The stem must move freely from the force of the
spring: :

M. Work the stem up and down several times to insure that it is free.

N. Daspress the valve stem and replace the cam. Mats tha match marks
and secure the setscraws. Make sure the cam apring is centered in
the rofler.

©. Restore oll tlow. Test fire the burner at various firing rates ma
cartain that the mataring stem freely follows the cam.

P. Tighten the packing gland after a period of operation, it raguired, to
maintain propar tension on the packing. Do not overtighten.

king
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