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CABINET TEMPERATURE TREATMENT SECTION

Generally speaking, all heating and cooling companents
(except the thermostat) are housed in sheet steel
cabinets. The cabinet helps protect the components and
adds to the attractiveness of the units.

The temperature treatment section of a heating or cocling
unit is that portion of the unit which produces the heat-
ing or cooling. ({All types of heating units and cooling
systems are discussed in greater detail in the sections

N ; . . that follow.)
The heuting unit or furnace cabinet is normally located

indoors, It has comnectiocn provisions for attaching -
the cooling coil, supply air plenum and return air HEAT SECTIONS
lenum. The cabinet also contain: ing:s

Eor electrical service and requi?Zdoﬁiﬂég%;g?r E:ggggggs Most residential fufnaces use e%tper natura% er liqueficad

into the cabinet are removable access doors to allow for propane (LP) gas, oil or electricity as their source of

servicing the unit. The front door of oil and gas heat.

furnaces is slotted to allow combustion air to enter . : ;

(this is not necessary on electric furndces, since no The heat sect19n of an electric furnace c0n515t5.of one

fuel is burned). or more electric heating elements. The element is much
like that in an electric toaster, only bigger. When the

Since the cooling system's outdoor unit is exposed to thermostat demands heat, an electrical resistance to the

the weather elements and in the public eye, it is es- flow of electricity in the element produces heat. The

pecially important the cabinet is durable, weather heated air is moved by the furnace blower through the

resistant and attractive in appearance. Like the ducts and distributed to points all over the home.

furnace cabinet, the outdoor cooling unit cabinet has ; s

service access doors and provisions for electrical and The heat secticn of a gas (either natural or propane)

mechanical (i.e. refrigerant line) connections. furnace consists of a steel heat exchanger and gas burners.

The burners fit in a cavity at the bottom of the heat ex-
changer. Gas is fed into the burners and ignited by a
pilot flame on a call for heat fram the thermostat. The
burning gas warms the heat exchanger and the blower dis-
tributes the heat throughout the house.

BARD TOTAL ELECTRIC FEATURES

BUILT-IN COOLING COIL COMPARTMENT —
Slide-in type for easier conversion to summer
cooling. Accommodates 1%, 2, 2%2. and 3 ton cool-
ing coils.

CONTROLS — On demand from the wall thermostat,
the heating elements are energized by electrical contac-
1ars. The 15 thru 30 KW versions have the blower motor
interlocked with each stage for safety. Easily two
staged.

LIMIT SWITCH — Thermal snap disc in each heating
element shuts off power automatically if system air tem-
perature becomes excessive.

BUILT-IN TRANSFORMER — Provides power supply
for heating and optional cooling controls.

BLOWER RELAY — Provides automatic blower
speed change-over to meet heating and cooling air
delivery reguirements.

BRANCH CIRCUIT FUSING — Factory installed in
medels rated over 48 amps.

HEATING ELEMENTS — Nickel-chrome wire with
individual fusible links for long !ife. Entire assembly
slides out for easy maintenance.

MOTOR —Multi-speed for both heating and cooling.
BLOWER — Heated air is quietly circulated by large
volume centrifugal blower that is matched to the
electrical heating system tor efficiency. Slides oul
for easy mainienance.

FILTERS — Twin permanent type slide out from
front for easy cleaning on all models except Models
EFCS5 and EFC10.




The o0il heat section is made up of a firebrick pot and steel heat exchanger.
pumped through a nozzle and ignited by a spark from a set of high voltage electrodes.

firebrick pet, which heats the steel heat exchanger.
points.

TYPICAL GAS FURNACE

Sfeel Cabinet is acoustically and thermally ™————__
insulated for quieter operation and
minimum heat loss.

Filter is extra large for better system air
cleaning efticiency.

Heat Exchanger efficiently extracts ali us-
able heat for greater fuel economy.

Safety Pilot provides 100% autematic
shut-off for safety.

Mono-Jet* Burner provides ease in ad-
justment and has uniform flame distribu-
tion for maximum efficiency.

Powerful Blower Motor is resilient
mourted for quieter eperation.

When the thermostat calls for heat, oil is
A ball of fire is produced in the
The blower then moves this heated air to the various distribution

Bard Cooling Coils with plenum and sys-
tem matched components are optional for
converting to summer air conditioning.

Electrostatic Air Cleaner traps up to 95%
of air-borne dust, bacteria-size particles,
smoke, odors and 99% pollen. This op-
tional accessory may be installed with fur-
nace or added later.

Fan and Limit Cantrol with helex element
automatically controls tlower and turner
operation.

Blower is capacity matched to heating
components and quietly circulates air
throughout system.

Model| G152
Al Components Are Easily Accessible for Service and Inspection

TYPICAL OIL FURNACE

Steel Cabinet is accoustically
and thermally insulated for
quieter operation and mini-
mum heat loss.

Fan and Limit Contrel with
helex element automatically
controls blower and burher op-
eration.

Heat Exchanger provides more
heating surface for efficiency.

Motor has resilient base
mounting for both heating or
cooling applications,

Blawer is centrifugal type,
dynamically balanced and
mounted on rubber grommets
for quieter operation,

Burner is designed for super-
quiet eficiency,

TYPICAL INSTALLATIONS

BASEMENT

UTILITY ROOM



COOLING SECTION

The cooling sectien in a typical split-system applica-
tion is the indoor evaporator coil. This ¢oil is lo-
cated in the supply plenum of the furnace. Stated
simply, cool refrigerant is pumped through the evap-
orator coil by the cooling unit. The refrigerant in
the evaporator ccil removes heat from the air, and the
furnace blower distributes this cool air to the con-
ditioned spaces.

BLOWER

The device which moves the treated air to points
throughout the home is called the blower. The blower
consists of a wheel with air scoops sometimes called a
scroll and a motor to drive the wheel. There are two
types of blowers; a belt drive and a direct drive.

4 GAS

Mtustrated hore are typical gas-fired and ocil-burning
counterflow furnaces.

BELT DRIVE BLOWER

A belt runs from a pulley mounted on the motor to a
pulley mounted on the blower wheel. All moving parts
are anchored on a vigid U-frame, which in turn is
fastened on resilient mountings to the furnace. The
design of this frame insures easy adjustment and align-
ment of pulleys and belt for optimum performance.
Varying amounts of air can be moved by a belt drive
blower, depending upen the motor pulley size adjustment
(see diagram). The pulley can be made larger by screw-
ing one side of the pulley inward toward the other
side; this causes the blower wheel to rotate faster.
Screwing cne side outward from the other side reduces
the pulley's effective circumference, which in turn
reduces the speed of the blower wheel. If volumes of
air are desired, which cannot be obtained by motor
pulley adjustment, the motor or blower pulleys them-
selves can be changed. (Note: a larger pulley might
also necessitate a larger motor),

DIRECT DRIVE BLOWER

The direct drive blower moter is mounted inside the
blower and is directly linked to the blower wheel. Air
volume changes are made by electrically varyving the
speed of the motor. The speed in direct drive blowers
is changed depending upon which of several wire leads
(speed taps) coming from the motor are used. Usually
two to five speeds can be obtained by wiring the hot
wire to the desired speed tap lead and the neutral wire
to the common motor lead. The unused hot wire leads
must be taped separately to prevent coming in contact
with an electrical ground., The rotating motor produces
a back voltage (emf) of approximately 200 vac through
electromagnetic inductiom.

WARNING

USE CAUTION WHEN HANDLING
THESE LEADS WITH 200 vae
ELECTRICAL POTENTIAL. IF
NOT TAPED, THEY COULD
CAUSE ARCING TO GROUND,
SHOPTS OF SERIGUS ELFC-
TRICAL SHOCKS.

FILTER

A filter is the device in a forced air heating or cooling
unit which mechanically screens out dust, dirt, lint and
other impurities from the system's airstreanm.

The filter is usually located just upstream from the
blower, in the return air side of the system. A fiber-
glass media commonly acts as the screem, cleaning the
air before it is recirculated throughout the system by
the blower,

A dirty filter greatly reduces the system's airflow,
which greatly reduces the operating efficiency of the
heating or cooling unit. For this reason, the homeowner
should be instructed to check the filter monthly and
clean or replace it i1f necessary. (Never re-use a dirty
filter by turning it bottomside up; this will result in
the collected dirt being dumped back into the airstream.)

Two types of filters are the disposable and the permanent.
Most slab filters are disposable, consisting of a rec-
tangular fiberglass screen in a cardboard frame. These

come in a variety of sizes to fit completely across the
airstream. Arrows marked on the frame indicate correct
placement with respect to system airflow. When the filter
hecomes dirty, it should simply be removed and a new one put
in its place. A nondisposable slab filter uses a poly-
urethane media encased in a metal frame. When this filter
becomes dirty, the media may be cleaned (washed or vacuumed)}
and Te-used.

THERMOSTAT

The thermostat is a heat sensitive switch that serves as
the automatic control center for heating and cooling system
operation. Since the thermostat was discussed in detail

in a previous manual, its story will not be repeated here.
The student should review the manual on thermostats if
necessary.

ELECTRICAL SYSTEM COMPONENTS
FURNACE CIRCUITS

All circuits within the oil furnaces are designed and wired
in accordance with Underwriters Laboratories requirements.
They have been iInspected and tested at the factory to
gualify for the UL Label which is attached to the furnace.

A1l circuits within the gas furnaces are designed and wired
in accordance with American Gas Association requirements.
They have been inspected and tested at the factory to
qualify for the AGA Label which is attached to the furnace.
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All switching within the furnace line voltage circuits
is done in the hot 120¥ leg. The reason is that switch-
ing, if done in the ground leg, could result in an un-
safe grounding fault. See diagram.

SWITCH OPEN
5 SHORT TO
Rttt ST
SWITCH CLOSES \ =
T0
FUANACE
G‘#
SWITCH IN HOT LEG
RIGHT
WRONG
SWITCH IN GROUND LEG
by
| FURNACE
G“F —
SWHTCH OPEN
FLENACE RUNS =
FUSE DOES NDT BLOW SHORT TO
GROUND

The first load in all forced warm air systems is the
blower motor which is always line voltage. Therefore,
the furnace blower motor 1s the first electrical com-
ponent wired into the system.

Now when the disconnect switch lever is closed to the
"on" position, this will make a complete circuit and
energize the blower motor. This motor, in turn, drives
the blower which delivers the air through the furnace
and duct system. When the lever is placed in the '"off"
position, the circuit is not complete and the blower
motor will not run. Air flow in the system will stop.
The fuse in the switch is placed there to monitor the
amount of current flow in the circuit. If there should
be excessive current flowing in the circuit, the fuse
will burn out and open the circuit.

BLOWER MOTORS

At this point the blower motor has been wired inteo the
circuit., This is the basic circuit shown in the wiring
diagrams. However, there are variaticms in the blewer
motors used and the way they are connected electrically.
These variations and the reasons for each are discussed
in Manual Z2100-058, "Basic Electricity,' pages 26-28.

The type and size of blower motor installed in a furnace
depends upon the blower lecad required to deliver the
correct ameunt of air to the heating system. Because
the heating system varies from one installation to
another, the blower speed needs to be adjustable to
match the needs of the air distribution system. This
speed adjustment may be done either mechanically or
electrically.

The motor may be connected to the blower by a belt and
pulley. In this case, the speed adjustment is
accomplished mechanically by a change in the pulleys,
This is referred to as a "belt-drive blower."

Or, the blower wheel may be mounted directly on the motor

shaft. In this case, the motor speed must be changed
electrically. This is referred to as a "direct-drive
blower."

FAN CONTROL SWITCH

One of the major controls in the line voltage circuit
will be the FAN CONTRGL. The fan control switch is a
heat-actuated switch which is equipped with normally open
contacts. It contains a bi-metal type of heat sensing
probe which senses the temperature of the air passing
from the furnace into the system.

PUSH
SCREW-
DRIVER
|Hr:) AND
LIMIT STOP LD TO
SCALE PLATE 7 7 RELEAE
FAN
TERMINALS () ||
PUSH-IN LOCK
FAM OFF
NDICATOR =] II_NI’;:EATOR
FAN ON
INDICATOR ~
L WIRE TO
CONTROLLED
EQUIPMENT
MANUAL
Fan —LIMIT
FuITCH TERMINALS (2)
™~ JuMPER
27074

INTERNAL VIEW OF L4064, SHOWING USE OF SCREW-
DRIVER TO CONNECT OR DISCONNECT WIRES AT
PUSH-IN TERMINALS. NOTE: BECAUSE THE DIAL
TURNS WHEN THE ELEMENT TEMPERATURE
CHANGES, THE LETTERING ON THE DIAL MAY NOT
BE HORIZONTAL.

The furnace illustration shows the location of the fan
control in an up-flow type furnace. The probe is usually
a "spiral" type and is installed into the heating unit on
the front side of the cabinet with the bi-metal probe in-
serted through the cabinet Into the heat exchanger portion
of the furnace. Its position must be such that the bi-
metal probe can sense the temperature of the air passing
from the heat exchanger. When this temperature reaches

a pre-determined point, the bi-metal closes the normally
cpen contacts thus making a complete circuit, starting
the blower metor.



Fan Control Switch

Murirated here ary typicat wrfired and oif-burning
upfiow, highboy furnsces.

There are basically two types of fap controls. One is
called a combination tontrol. see illustratign. The
fan control portion is provided with two adjustable
levers - one’ to set the blower "gp" temperature and the
other to set the blower "off" temperature,

The settings of the fan control are normally field ad-
justed according to the desires pf the homeowrer and the
"on" or "make" point is usually somewhere aroung 100
degrees, This means that when the air Passing over the
heat exchanger reaches approximately 100 degrees, the
switch will "make" and the fan will come on, delivering
air to the space.

The "break" or "off” point on the switeh can be field
set and should Usually be set about 25
make point, i

The difference between the fan "on" and fan "pfen points
is called the fan control DIFFERENTIAL. The Lemperature
difference between these two points nay be set from 15
to 25 degrees. 1f the differentigl is set too low,
control will cycle hecause of slight témperature fluycep-
ations. This causes undesirable fan Cycling., 1If get

at more than 25 degrees,’ the blower would have to wait
too long before coming "ap" increasing the heat loss
from the furnace an| reducing the furnace efficiency,

The other type is the single fan cantrel. It has just
one adjustable lever hy which the desired blower "affn
temperature is set, Thig is 8 fixed differential Control
with a built-in differential of 25 B, Therefore, the
blower "an’ temperature will dlways be 25 g, higher

than the hilower "off" dial setting.

Note that if the homeowner desires to have CONTINUOUS
AIR CIRCULATION (CACY, it will he NeCessary to set the
OPen or break point belaw the normal retuyrn air tem-
perature. 1n this w2y the i

exchanger will remain above the setting even though

the burners are off and the blower will continue to run,
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DOWNFLOW AND HORIZONTAL UNITS

Downflow and horizonmtal units Present a little differept
problem than the upflow unpits.
location in & downflow unit wili
or "on" cycle,
the heat in the heat exchanger would
heat exchanger actuating the probke,
fan is Tunning, the air is flowing in
rection from the probe and when the burners would go
the probe would sense the cool return air rather than the
heat in the heat exchanger, Thig would
into thinking that the heat exchanger had coonled down and
could actuate the Contacts to their normal position,
cycling the fan off tog soon. it would sense
the residual heat in the heat exchanger being transferred
fo the air around it ang dctuate the contacts
eénergizing the blower and cycling it until the beat ex-
changer has been cooled sufficiently.

The same type of problem woulg be true for a herizantal
type furnace, since it would i

the blower control in an ideal
"make" and "break" actions,

LIMIT CONTROL

A safety device is connected intg the lipe voltage circuit
faext. It is called a LIMIT CONTROL. The purpose for

i to turn off the burner and contragl Circuits
if the air temperature becomes too high.

Seme limit controls are combined with the fan Control,
See photograph. In this case, one bi-metal actuates both
the fan control switch and the limit control switch,

As the temperature rises, the bi-metgl wWill first turn on
the fan switch and start the blower. JIf g conditign

i the bi-metal wijl con-
turn until the lipjis Cut-out temperature
switch,



The limit switch in the combination control is provided
with an adjustable lever., A step is installed which
will not allow the lever to be set above the safe cut-
out temperature - usually 200 F. The lever should not
be adjusted below this high Iimit temperature since it
will cause falsc or nuisance burner cycling.

The 1limit control prevents overheating of the furnace
which could cause a fire or damage to the furnace com-
ponents. It shuts off the burner if conditions or
failure should occur such as blower failure, dirty air
filter, hlockage of the duct system or any condition
which abnormally restricts air flow through the furnace.

The limit ¢bntrol is actuated by a bi-metal element in
the discharge air stream. Therefore, it monitors the
air temperature leaving the heat exchanger. The bi-
metal is linked to a normally closed switch which has

an SPST action. If the air temperature rises to the
limit cut-out temperaturc, the bi-metal opens the

switch and breaks the line voltage circuit to the burner
and controls.
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On most furnaces the limit control is calibrated to
shut off the burner if the discharge air temperaturc
re4gches or exceceds 200 F. The 1imit control will
automatically recycle (reclosc its contacts) when
the temperature drops 25 F. below the cut-out point.
This 25 F, differential is built into the switch.
Theretfore, the limit control will recycle the burner
if the thermostat is calling for heat, but will not
allow the temperature to cxcced Z00F.

The limit cut-out temperature is factory-sct and the
differential is bullt into the switch. Necither
should be readjusted or changed in the field. Other-
wisc the equipment warranty will be voided and a
hazardous condition will be created.

Another common 1limit control is illustrated. This
limit has its own bi-metal element and is located at
a different point on the furnace than the fan control.
It acts the same as the combination limit but does
not have a dial setting. It is a fixed setting and
fixed differential control. Again the setting is
usually 200 F. and the differential is 25 F. These
are set and sealed by the control manufacturer.

UPPER LIMIT CONTROL

As was outlined under the discussion of the fan control,
for downflow and horizontal heating units, an additional
limit control is used. This UPPER LIMIT is installed in
the blower outlet or between the blower outlet and the
heating section, or very near the blower section of the
unit.

The reason is that the high temperature Iimit is at the
discharge end of the heat exchanger. Before the blower
comes on the warm air rises away from this high limit pre-
venting it from sensing the temperature and providing the
protection needed. During this period, the upper limit
provides backup protection by sensing the heated air that
Tises upward in the unit by gravity.

This upper 1limit control provides protection in case of
blower fallure or excessive restriction in the system which
prevents the movement of zir. Usually the limit cut-out
temperature is 140 F, with a differential of 25 F,

The switch in the upper limit control is an SPDT action.
The normally closed contacts are located in series ahead of
the high 1imit contacts in the electrical circuit. There-
Fore, if either limit is ™open™ the burner and control
citcuits become de-energized.

The upper limit does one other thing. When the limit con-
tacts are open, the other normally open contacts then close.
This completes a circuit directly to the blower motor
starting the blower.

There are sevceral reasons for this feature. One is to

put the upper limit back in step if it should trip open from
residual heat after the fan coantrol has turned the blower
off. It simply overrides the fan control to provide cool
air on its own element. When the limit contacts reclose

the blower contacts open, shutting off the blower.

A second reason is to back up the fan control timer if it
should fail to operate as it should.

A third reason is that the upper limit control de-energizes
the control circuit. Under some circumstances, this
secondary 1limit could be open up to one hour preventing

the control circuit from operating the fan timer or burner
circuits. For the thermostat to do its job and get the
furnace back in operation, power must be provided to the
control circuit.

ADDITIVE COOLING RELAY

NOTE: When cooling is added to a standard furnace, an
ADDITIVE COOLING RELAY is required. The line voltage side
of this relay has a set of contacts which bypass the fan
control, delivering power directly to the blower motor.
The contacts are pulled in by a low voltage coil which is
energized on a call for cooling from the thermostat or if
the thermostat fan switch is sect for constant blower
operation. Note that electrically both the 24V and 120V
circuits are completely independent, but one controls the
other by pulling in its contacts.

The blower relay is necessary because on cooling, the
temperaturc of the air being circulated through the system
would be below the set point of the fan contrgl and this
wolild shut off and not allow the blower to run. Under
cooling without the blower running, the evaporatoer coil
would ice up and the condensing unit would go off on its
limit control,

120V 2av

ADDITIVE
COOLING RELAY




24 vOLT OR LOW VOLTAGE CONTROL CIRCUIT

In almost all residential forced warm-air heating
systems, the control circuits are powered with Low
Voltage (24 volts). There are several reasons for
using low voltage: ease of installation; lower in-
stallation cost; closer (better) temperature control;
and less possibility of electrical shocks.

TRANSFORMER

In order to supply 24-volt power in control circuits,
a "step-down'' transformer is used, The line side is
wired directly into the 115V power supply.

Basically a transformer consists of TWO coils of
insulated wire wound on a common iron core. The coil
connected to the line voltage or input side is the
Primary Coil and the output or leoad side is always

the Secondary. If the voltage on the line side is
greater than that on the lcad side, it is a "step-
down'' transformer. If the voltage on the load side

is greater than the line side it is a “step-up"
transformer. Therefore to supply 24V on the load side
from 115V line, a step-down transformer is used.

Transformers are always rated in Veolt-Amperes (VA},
which is the amount of electrical power (Volts x Amps)
it can supply.

= —

Primary >
di

Coil 120 Secondan

T J— { >

Transigrmee

The transformer must be sized to handle the current
(ampeTage) requirement of the load or loads connected
to the secondary side of the transformer. The trans-
former selected may be LARGER than the load require-
ment, but the transformer can never be smaller than
the load requirement (amp-draw). Short circuit pro-
tection for the 24V side of the transformer is pro-
vided in scme cases by a replaceable fuse and in
others as fusible Iink: the fusible link is built in
and requires replacement of the entire transformer if
it hurns out.

THERMOSTAT

The first load that will be attached to the low veltage
circuit is the THERMOSTAT. Basic operation of the
thermostat and its jnternal wiring has been discussed

in a previous manual, and here the common leg will be
connected to one side of the transformer and the fan

and heating circuits will be connected to the other

side of the transformer. The thermostat can now control
the fan circuit independently from the heating and
coeling circuits.

BASIC MAINTENANCE PROCEDURES

Regularly scheduled basic maintenance calls are mutually
beneficial to both the service firm and the homeowner/
customer. Normally, this involves two maintenance calls
per year-—one in the fall prior teo the heating season
and onc in the spring prior to the cooling season.

MAINTENANCE CHECK SHEET

A Maintenance Check Sheet has been developed which has
checklists for residential gas, oil and electric heating
units and cooling systems and accessories. The check
sheet has checklists which itemize the basic maintenance
steps and assist in organizing the service tasks to he
performed.

It is suggested the service person attach the check sheet
to a clipboard and carry it to the service call, Tilling
in the checklists while preceeding with the call will
ensure that a1l the necessary checks are performed
efficiently. The check sheet should be completed in dup-
licate. One copy is [or the customer; the check sheet
folder copy is for the firm’s rcference [1le.

The check shect alse has other potential uses. For

example, listing the make and model of the equipment gives
the fitm quick refercnce for service and parts information.

And, by analyzing "time in and out", the firm can ac-

cumulate labor cost data on its planned service operation,

It is a valuable sales tool for udd-on and replacement
and accessory business. Service personnel should always
keep this important aspect in mind. Tips that generate
sales will help you and your company grow. The main-
tenance sheet is a convenient means to document this
information.

MAINTENANCE CHECKSHEET
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MAINTENANCE CHECKSHEET

Dealer Address

Gustomer Address

Date Person Time in Time Out
Equipment Make & Model

Notes

PRE-SERVICE CHECK

3 Customer satisfied with system performance:

[ Customer dissatisfied with system performance:

THERMOSTAT CHECKS

[J Record thermostat settings: Temp: ~ °F,
HEAT DIOFF QOCQOL FAN:OON OAUTO

[J Check terminal connections for tightness

O Clean bimetal. Inspect mercury switch

[ Check thermaostat for level

[J Check control circuit amperage: . A

T If customer dissatisfied with temﬂerature control in heating
season, adjust anticipator to match control circuit amp draw

O Initiate appropriate seasonal demand from thermostat

Mode:

BLOWER COMPARTMENT CHECKS

[3 Check supply voltage at junction box: vac
—_— . time
O Check blower motor amperage: A

— _ nameplate rating
[ Turn power at unit main disconnect to OFF
O Check al! wiring for loose connections and bad insulation
0O Clean or change filter

Direct Drive Blower

[ Check blower bearings

O Lubricate biower bearings

O Clean blower and compartment

3 Check blower wheel for free and balanced rotation

O Check all blower housing mounts and setscrews for tightness
O Unused motor leads taped and out of way

Belt Drive Blower

O Remove blower belt and check for wear

[ Check motor bearings for wear

[] Lubricate motor bearings

O Check blower wheel bearings for wear

[ Lubricate blower wheel bearings

O<Clean blower and compartment

[ Check blower wheel for free and balanced rotation

O Check pulley alignment

[ Check motor and blower pulley setscrews for tightness

10 Put belt back on blower and motor pulley and check belt
tension

[ Check all blower housing and motor mounts for tightness

HEATING SECTION CHECKS
ELECTRIC

O Check electrical wiring -- connections and insulation
O Check amperage draw of sach element

O Check total amperage draw of elements

O Check temperature rise .. °F.

B Return cutdoor thermostats to original settings if present

amps

GAS

O Check all electrical wiring for loase connections and dam-
aged insulation

0 Check burners for lint, dust and scale

O Check for cracks in heat exchanger

[] Check pilot flame

O Check for quiet, even burner ignition

0O Check manifold gas pressure NAT.
in. wc.

in.wc. L.P.

Standing Pilot

(1 Check thermocouple open circuit
closed circuit demyv

[ Check pilot valve safety drop-out time

{1 Check automatic vent damper system

O Check electronic spark ignition control

O Check safety lockout

1 Check limit safety

O Check temperature rise ___. F

[ Check draft diverter

[1 Check furnace vent for rust

O Gas manifold hand valve is open before leaving

dcmyv

min.

OiL

0O Check electrical wiring -- connections and insulaticn
0O inspect combustion chamber -
O Inspect for soot in heat exchanger
0 Check fuel oil tank for sludge/water
Ll Change oil line filter
O Check oil lines
0 Service oil burner
[] Canduct combustion efficiancy test
_—.in wc. . smoke % CO2 ___°F. net
[ Check limit safety
0 Check temperature rise
[ Check primary control
O Check furnace vent for rust

COOLING

[ Check electrical wiring -connections and insulation {indear)
O Checkiclean evaporator coil

O Check/clean condensate drain

[QCheck static pressure drop ___ in. we. ___ ¢fm {dry coil)
{J Check wiring — connections and insulation {outdoor}

{3 Check/ctean condenser coil

OLubricate condenser fan motor

{7 Check line set and connections for evidence of leaks

[ Check and record supply voltage

O Check refrigerant charge

O Check amperage draw on condenser fan motor

O Check amperage draw on compressor

HUMIDIFIER

D Check electrical wiring — connections and insulation
O Check transformer voltage vac
O Check damper position
SPRAY TYPE
O Check solenoid valve
[ Check nozzle spray pattern
DRUM TYPE
O Check for free rotation and scale
O Check water leve) adjustment
O Check overflow/drain line

ELECTRONIC AIR CLEANER

O Check eiectrical wiring - connections and insulation
O Check saif switch or electrical blower interlock

O Check test button operation

O Check supply voltage
O Check voltage to collecting plates
O Check voltage to ionization wires
O TURN POWER OFF

1 Wash cells

0 Wash prefilter screens

vac (120 vac}
vdc (3500 vdc)
vdc (8000 vdc)

POST-SERVICE CHECKS

DO Return thermostat to original settings recorded at beginning
of service call

O Leave copy of compieted checksheet with customer

D Power ON before leaving




The checks common to all heating and cooling units,
namely those at the thermostat, blower and filter,
will now be covered.

Talk tp the Homagwner

PRE~SERVICE CHECK

B customer satisfied with system performance:
0O Customer dissatisfied with system performance:

1. The planned service appointment should be
scheduled in advance so that arrangements can be
made to gain access to the comfort equipment.

2. Prior to beginning the maintenance checks, the
service person should ask the customer how the
system is performing. This will help get a
reading on current system operation and pinpoint
possible problems to investigate and correct.

3, 1f the customer indicatoes satisfaction with the

system operation, the service person can con-
centrate on the routine maintenance checks.

THERMOSTAT
[ Record thermostat settings:
mode ; JCOFF

Temp. : °F; {1 HEAT

O COOL; fan switch: [ oN [ AUTO.

1. Recording these settings will enable service
person to reset thermostat to customer's de-
sires at end of service call.

Z. Some electric units may alsc employ an outdoor
thermostat for multiple staging of heat elements
{see Flegtric Heat Section). Record cutdoor
thermostat setting.

O Check terminal connectiens for tightness.
1. Remove thermostat cover.
Z. Tighten terminal connections if necessary.

O Clean bimetal,

1. Carefully remnove dust and dirt from bimetal with

soft brush or by blowing on it.

2, Inspect the mercury switch for cracks in the glass

bulb and brush away any accumulated dust. If
mercury switch is damaged, discuss problem with
homeowner and notify sales manager.

1 Check thermostat for level.

1. Place level on thermostat and adjust thermostat
pasition if not perfectly level.
stat is a necessity for precise temperature
contrel.

A level thermo-

{1 Check ceontrol circult amperage: amnps .
‘1. Single-stage heating or coecling thermostat: Conncct
one clip of 10 loop amperage multiplier to “powcr
from transformer"” thermostat terminal; connect
other multiplier clip to "heating' thermostat ter-
minal if checking heating system or “cooling™ ter-
minal if checking cooling system; snap amprobe jaws ——
around multiplier coil and record actual amperage -
draw {move decimal point of amprobe reading one
place to the left to obtain actual amp draw, i.e.
4.8 reading = .45 actual amp draw).

2. HWith two-stage heating thermostat: Check first
stape circuit amperage using methed outlined above
for single thermostat.

To check second stage circuit amperage, attach cne
jumper wire clip to power terminal and other clip

to "first stage heat" terminals; attach one amperage
multiplier ¢lip to "power” terminal; conrnect other
multiplier c¢lip to the "second stage heating"
thermostat terminal; record actual amperage draw

(by adjusting reading one decimal to the left),

[JTf customer is dissatisfied with temperature control in
heating season, adjust heat anticipator setting to match
control circuit amp draw reading.

1. If customer is satisfied with temperature control, do
not adjust anticipator and proceed with next service
check.

2. If during the heating sedson the customer complains
of being too hot even after the furnace has cycled
off, the heat anticipatcr setting should be adjusted
to shorten the furnace’s "on'" cycle: if the customer
is tpo coonl, the anticipator should be adjusted to
lengthen the "on'" cycle. (The cooling anticipator is
usually nonadjustable. Review thermostat manual for W
details on anticipator adjustment],

AMPERAGE -7 AMFROBE
T
7

AN

ANTHAPATOR
LEVER *

TQ GAS UNIT
TC OIL UNIT
TO ELECTRIC UNIT

ANTICIFATOR
LEVER

ANTICIPATOR
LEVER

AMPERAGE
MULTIPLIER




0 Initiate appropriate seasonal demand from thermostat
with fan switch on AUTO: [0 HEAT O cooL

1. If making heating unit checks, demand is created
by turning thermostat to highest setting with mode
switch on HEAT.

2z, If making cooling system checks, demand is created
by turning thermostat to lowest setting with mode
switch on COOL.

3, If the electric furnace employs an outdoor ther-
mostat for staging of heat elements, set the dial
at its highest setting to initiate a multiple
stage demand. Return dial to original set points
before leaving the site.

BLOWER COMPARTMENT CHECKS
1 Check supply voltage at unit junction box:

vac time

1, Remove access doors on front of unit.
2. Set volt-ohm meter above 120 wvac.

3. Attach volt-ohm meter probes to incoming line
voltage and neutral wires in junction box.

O Check blower motor amperate: A
nameplate A rating

1. Snap amprobe around neutral or common wire lead-
ing to the blower motor.

2, In order to simulate the true operating cendition,
put blower compartment door in place. Leave a
small opening to allow for reading the amprobe.

3. (Compare amp reading with amp rating on motor name-
plate, An excessive amp draw reading is a clue
the motor is working too hard. Possible causes:

Extremely dirty motor prevents air from
dissipating heat and motor runs hot.

Seized or worn bearings cause excess pull

or drag; motor (and/or pulley on belt drive
blowers) improperly sized in relation to
blower wheel. Poorly designed system appli-
cation.

If following service checks do not alleviate
high moter amperage, refer problem to resi-
dential equipment troubleshooter or Service
Manager.
4, Remove blower compartment door.
O Turn power at unit main disconnect to OFF.

O Check all wiring for loose connections and bad insu-
lation.

1. Tighten loose connections. Wrap electrical tape
around wires with cracked or worn insulation.

O Clean or change filter.

NOTE: SEF UNIT INSTALLAFION INSTRUCTIONS FOR REMOVING

FILTERS FROM DOWNFLGH FURNACES.

NOND1SPOSABLE SLAB (POLYURETHANE)

1. Remove filter from unit.

2. Remove media from frame.

3. Wash or vacuum media.

4. If media is washed, use hot water and detergent.

5. Squeeze water from media, put in frame and coat
side of media opposite the blower with a filter
spray (the o0il spray enhances collection of dirt

particles).

6. Place filter back into unit.
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DISPOSABLE SLAB (FIBERGLASS/CARDBOARD)

1. Remove filter from unit.

2. Wrap in newspaper and discard.

3. Place new filter of same size in unit. Make sure

filter is placed so that arrows on filter frame
agree with system air flow, if applicable.

Cut Off Piate

DIRECT DRIVE BLOWER

WARNING

Be sure power to

furnace is OFF.

Diroct Drive Blower Bhawring Cut OFf Plis
OCheck blewer motor bearings.

1. Grasp blower wheel and move in back and forth and
up and down directions.

2. There shculd be no more than 1/8 inch back and
forth movement; there should not be any up and
down movement.

3. If there is movement, bearings are wearing. Service
person should inform customer of bearing conditionm,
If problem is severe, blower motor should be re-
placed. Notify service manager.

[1Lubricate blower motor bearings.

1. Check motor for service instructions and Iubri-
cation instructions in unit installation imstruction
manual.

2. Prelubricated motor bearings with oil ports require
a few drops of SAE No. 10 nondetergent oil every
two years.

CAUTION

Do not over lubricate
motor bearings. Exces-
sive oil attracts dust
and dirt.

dClean blower compartment.

CAUTION

Do not dislodge balance

weights attached to blower

wheel blades. Ealance Walght CHp

1. PRemove dust and dirt from air scoops or vanes of
blower wheel, This may bLe done with mecist rag or
vacuum,

Z. If blower is excessively dirty, it should be re-
moved from unit and theroughly washed/cleaned using
high pressure hose. Remove motor from blower
assembly when washing blower. Make sure motor is
completely dry before it is put back into operation.

NOTE: Tt is necessary to remove cut-off plate when re-
moving moter., Be sure to replace plate before
replacing meotor to ensure proper air flaow.



O Check blower wheel for free and balanced rotation.

1.

S5pin wheel. If wheel is badly cout of balance or
hits against housing, blewer should be replaced.
Notify Service Manager.

If dislodged balance weights are found, place
them in exact lecation they formerly occupied.
Look for scratches on blades to show where
weight c¢lip was attached.

When wheel is spun, the heavier side will fall to
bottom. This means the side minus the weight is
probably on top. TIf the old Iocation cannot be
found, leave weights off rather than risk further
imbalance by incorrect placement.

If blower was removed for cleaning, reinstall at
this time,

O Check all blower housing mounts and setscrews for
tightness.

[ Check that unused motor leads are taped and ocut of
the way.

BELT DRIVE MOTOR

WARNING

Be sure power to
furnace is OFF

0O Remove belt and check for wear.

1.

Loosen motor meunt and push motor toward blower
wheel,

Remove belt by sliding it off the pulleys.

Check for wear by turning belt inside out and
looking for splits and cracks in the rubber.

Replace belt if there are signs of wear. (Leave
belt off to perform the following checks; you
will be instructed when to put it back on).

O Check motor bearings for wear.

1.
2.

Grasp motor pulley.

Push pulley in inward and outward directicens.
Assuming the pulley is mounted tightly to the
motor shaft or drive, there should be no more
than 1/8 inch movement or play in either dir-
ection,

Move pulley in up and down directions. There
should be no movement in either direction.

If there is movement in motor shaft, bearings are
wearing, Service perscon should inform customer

of bearing condition. If problem is severe, motor
should bhe replaced. Notify Service Manager.

[ Lubricate motor bearings.

1.

Check motor for service instructions and Tubri-
cation instruction in unit installation manual.

Prelubricated bearings require a few drops of
SAE No. 10 nondetergent oil every two years.

CAUTION

Do not over-lubricate motor
bearings. Excessive lubri-
cation attracts dirt and dust.
0il splash on the belt causes
shortened belt 1life.

Motor bearings with oil cups or holes: Add a
few drops of automotive 10 nondctergent oil.

0 Check blower wheel hecarings for wear.

1.

Grasp blower pulley and move in up and down di-
rections; also push in and out. There should be
no movement in any direction if the pulley is
mounted tightly to the blower shaft.

2. Grasp shaft and test bearings on opposite side of
blower wheel. There should be no movement.

3. If there is in and out movement on either side, move
locking collars on the affected side closer to
bearing as follows:

On the pulley side, lccsen set screw on
shaft and remove pulley.

Loosen collar set screw and move collar
snugly against bearing housing. Tighten
collar setscrew.

4, If there is still movement, bearings are worn. In-
form customer of bearing condition. If problem is
severe, blower bearings should be replaced. Notify
Service Manager.

[1 Lubricate blower wheel bearings.

1. Bearings with no lubricant fittings: These are
permanently sealed and lubricated and require no
seTvice.

2. Bearings with grease cups: Turn grease cup down
approximately one turn yearly; when cups are turned
to the bottom, refill with lubricant.

Bearings with grease plugs: These are normally pre-
lubricated and require lubrication about every two
years. [f lubricant is required, use No. 2 neutral
mineral grease. Check lubrication instruction.

[ Clean blower and compartment.

1. Remove dirt from air scoops or vanes of blower wheel.
This may be done with moist rag or wacuum.

2. If blower is excessively dirty, it should be re-
moved and thoroughly washed/cleaned using high
pressure hose. Remove motor from blower assembly
before washing blower. Make sure motor is completely
dry before it is put back into operation,

[J Check blower wheel for free and balanced rotation.

1. Spin wheel. If wheel is badly out of balance or hits
against housing, blower should be replaced.

2, If dislodged balance weights are found, place them
in exact location they formerly occupied. Look for
scratches on blades to show where weight clip was
attached.

When wheel is spun, the heavier side will fall to
bottom. This means the side minus the weight is
probably on top. If old location cannot be found,
leave weights off rather than risk further imbalance
by incorrect placement.

3. If blower was rcmoved from unit for cleaning, re-
install at this time.

[ Check puiley alignment

1. Check alignment by placing a straight rod across
grooves of the motor and bleower pulleys.

2. If grooves of pulleys do not line up, loosen shaft
setscrew and move motor pulley until it is aligned
with blower pulley.

3. Tighten metor pulley setscrew and recheck alignment.
O Check motor and blower pulley setscrews for tightness.

An adjustable motor pulley has two setscrews; one to
tighten the adjustable pulley sheave and one to tighten
the pulley to the motor shaft.

SET SCREW TO
TIGHTEN ADJUSTABLE
SHEAVE

7

ANRRRRNA,
[~ 7

SET SCREW
TO TIGHTEN PULLEY
ON MOTOR SHAFT
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{0 Put belt back on blower and motor pulleys and check
belt tension.

1. Place belt around pulleys.
2. Adjust motor mount to tighten belt.
3. (heck tension by pushing down on belt half-way

between pulleys. Belt should move or deflect
from 3/4™ to 1.

SPay LENGrH o

peFLecTioN 3 /4" to 1"

4. When proper tcnsion is eobtained, tighten ad- Coil

justable motor mount. . Flue Connection
- Cabinet
Heat Fxchonger
Gas Volves & Contrals
Gas Burner & Manifald
Blower

[0 Check all blower housing and motor mounts for
tightness.

B NG s —

« Lleetronic Air Cleanar

POST-SERVICE CHECKS

[ Return thermostat(s) to original setting(s) re-
corded at beginning of service call.

[ Leave copy of completed check shect with customer.

[JPower ON before leaving.

1. Be sure unit disconnect has been turned ON before
leaving to aveid a needless, time consuming

callback. i i
With properly designed systems, add-on equipment
and componrenns will increase the degree of comfont
] produced for the homeowner.
O Leave all service areas neat and clean.

HEAT SECTION CHECKS

These are discussed individually, according to type of
fuel used, in the next sections.

Nlusteated here are typical gas-fired and oil-burning
henzontal furnaces.

-12-



MAINTENANCE CHECKSHEET

Deater Address

Customer Address

Date .~ Person Time In Time Out
Equipment Make & Model

Notes

PRE-SERVICE CHECK

1 Customer satisfied with system performance:

[] Customer dissatisfied with system performance:

THERMOSTAT CHECKS

{J Record thermostat settings: Temp:
HEAT OFF COOL FAN: ON AUTO

[J Check terminal connections for tightness

[ Clean bimetal. Inspect mercury switch

O Check thermostat for level

[ Check control circuit amperage: A

O if customer dissatisfied with temﬁerature control in heating
season, adjust anticipator to match control circuit amp draw

O initiate appropriate seasonai demand from thermostat

“F. Mode:

BLOWER COMPARTMENT CHECKS

[J Check supply voltage at junction box:

vac
- . time
O Check blower motor amperage: A

- e~ nameplate rating

Turn power at unit main disconnect to OFF

Check all wiring for loose connections and bad insulation
O Clean or change filter

Direct Drive Blower

O Check blower bearings

O Lubricate blower bearings

D Clean blower and compartment

O Check blower wheel for free and balanced rotation

O Check all blower housing mounts and setscrews for tightness
[J Unused motor leads taped and out of way

Belt Drive Blower

O Remove blower belt and check for wear

OCheck motor bearings for wear

O Lubricate motor bearings

{JCheck blower wheel bearings for wear

[Jlubricate blower wheel bearings

[IClean blower and compartment

(O Check blower wheel for tree and balanced rotation

CJCheck pulley alignment

OCheck motor and blower pulley setscrews for tightness

[JPut belt back on blower and motor pulley and check beit
tension

OCheck ai! blower housing and motor mounts for tightness

HEATING SECTION CHECKS

ELECTRIC
O Check elactrical wiring -- connections and insulation
O Check amperage draw of each element
[ Check total amperage draw of elements
O Check temperaturerise . °F,
{1 Return outdoor thermostats 1o original settings if present

amps

GAS

1 Check all electrical wiring for loose connections and dam-
aged insulation

0O Check burners for lint, dust and scale

D Check for cracks in heat exchanger

O Check pilot flame

0 Check for quiet, even burner ignition

[ Check manifold gas pressure NAT.
in. we.

in.we. LP.
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Standing Pilot

[ACheck thermocouple open circuit
closed circuit dcmy

O Check pilot valve safety drop-out time

3 Check automatic vent damper system

(1 Check electronic spark ignition controi

[J Check safety lockout

O Check limit safety

O Check temperature rise ___ F.

[ Check draft diverter

[3 Check furnace vent for rust

O Gas manifold hand valve is open before leaving

dcmyv

OlL

I Check electrical wiring -- connections and insulation
O Inspect combustion chamber
[J Inspect for soot in heat exchanger
0O Check fuel oil tank for sludge/water
[ Change oil line filter
O Check oil lines
0O Service oil burner
0O Conduct combustion efficiency test
_—__in wg. ___ smoke % CO2 __"F. net
0 Check limit safety
[ Check temperature rise
O Check primary control
0] Check furnace vent for rust

COOLING

{J Check electrical wiring -connections and insulation (indoor)
O Checkiclean evaporator coil

[ Checkclean condensate drain

O Check static pressure drop . in. we. ___ ¢fm (dry coil)
0O Check wiring — connections and insulation {outdoor)

O Check/clean condenser coil

3 Lubricate candenser fan motar

0O Check line set and connections for evidence of leaks

DO Check and record supply voltage

O Check refrigerant charge

O Check amperage draw on condenser fan motor

[0 Check amperage draw on compressor

HUNIDIFIER

O Check electrical wiring — connections and insulation
3 Check transformer voltage vac
[ Check damper position
SPRAY TYPE
] Check solenoid valve
OCheck nozzie spray pattern
DRUM TYPE
[ Check for free rotation and scale
O Check water level adjustment
O Check overflow/drain line

ELECTRONIC AIR CLEANER

O Check electrical wiring -~- connections and insulation
O Check sail switch or electrical blower interlock

£ Check test button operation

{0 Check suppty voltage

O Check voltage to collecting plates
O Check voltage to ionization wires
O TURN POWER OFF

O Wash cells

1 Wash prefilter screens

vac {120 vac)
vdc {3500 vdc)
vdc (8000 vdc)

POST-SERVICE CHECKS

O Return thermostat to original settings recorded at beginning
of service call

O Leave copy of compieted checksheet with customer

O Power ON before leaving



MAINTENANCE CHECKSHEET

Dealer Address

Customer Address

Date Person Time In Time Out
Equipment Make & Model

Notes

PRE-SERVICE CHECK

[J Customer satisfied with system performance:

[ Customer dissatisfied with system performance:

THERMOSTAT CHECKS

[J Record thermostat settings. Temp:
HEAT 'OFF COOL FAN: ON AUTO

O Check terminal connections for tightness

O Clean bimetal, Inspect mercury switch

[J Check thermostat for level

[J Check control circuit amperage: A

O If customer dissatisfied with temperature control in heating
season, adjust anticipator to match control circuit amp draw

O Initiate appropriate seasonal demand from thermostat

F. Mode:

BLOWER COMPARTMENT CHECKS

0 Check supply voltage at junction box: vac
___ time
OCheck blower motor amperage: A

___ namepiate rating
O Turn power at unit main disconnect to OFF
I Check all wiring for loose connections and bad insulation
O Clean or change filter

Direct Drive Blower

CJ Check blower bearings

O Lubricate blower bearings

O Clean blower and compartment

O Check blower wheel for free and balanced rotation

O Check all blower housing mounts and setscrews for tightness
1 Unused motor leads taped and out of way

Belt Drive Blower

O Remove blower belt and check for wear

OCheck motor bearings for wear

OLubricate motor bearings

O Check blower wheel bearings for wear

OLubricate blower wheei bearings

[JClean blower and compartment

[J Check blower wheel for free and balanced rotation

OCheck pulley alignment

O Check motor and blower pulley setscrews for tightness

[}Put belt back on blower and motor pulley and check belt
tension

OCheck all biower housing and motdr mounts for tightness

HEATING SECTION CHECKS

ELECTRIC
D Check electrical wiring -- connections and insulation
[0 Check amperage draw of each element
[ Check total amperage draw of elements
O Check temperaturerise _—__ °F,
OReturn outdoor thermostats to original settings if present

amps

GAS

O Check all electrical wiring for loose connections and dam-
aged insulation

O Check burners for lint, dust and scale

CJ Check for cracks in heat exchanger

0 Check pilot flame

O Check for quiet, even burner ignition

O Check manifold gas pressure NAT.
in. weg.

in.wc. LP.
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Standing Pilot

[ Check thermocouple open circuit
closed circuit ________ demv

O Check pilot valve safety drop-out time

[ Check automatic vent damper system

0O Check electronic spark ignition control

0O Check safety lockout

0O Check lirnit safety

O Check temperature rise ... F.

O Check draft diverter

[0 Check furnace vent for rust

[1 Gas manifold hand valve is open before leaving

dcmv

min.

OIL

O Check electrical wiring -- connections and insulation
O Inspect combustion chamber
Inspect for soot in heat exchanger
O Check fue! oil tank for sludgeiwater
0 Change oil line filter
O Check oil lines
[ Service oil burner
O Conduct combustion efficiency test
_.in we. —_ smoke % €02 _—"F. net
O Check {imit safety
0O Check temperature rise
O Check primary control
O Check furnace vent for rust

COOLING

O Check electrical wiring -connections and insufation {indoor}
J Check/ctean evaporator coil

[J Checkiclean condensate drain

O Check static pressure drop ___ in. wc. __ cfm (dry coil}
[0 Check wiring — connections and insulation {outdoor}

0O Checkiclean condenser coil

[J Lubricate condenser fan motor

O Check line set and connections for evidence of leaks

O Check and record supply voltage

[J Check refrigerant charge

O Check amperage draw on condenser fan motor

O Check amperage draw on compressor

HUMIDIFIER

0 Check electrical wiring — connections and insulation
[ Check transformer voltage vac
[ Check damper position
SPRAY TYPE
O Check solengid valve
O Check nozzle spray pattern
DRUM TYPE
O Check for free rotation and scale
O Check water level adjustment
O Check overfiow/drain line

ELECTRONIC AIR CLEANER

[J Check electrical wiring — connections and insulation
O Check saif switch or electrical blower interlock

O Check test button operation

O Check supply voltage _____
[ Check voltage to collecting plates
[ Check voltage to ionization wires
O TURN POWER OFF

O Wash cells

O Wash prefilter screens

vac (120 vac)}
vdc (3500 vdc)
vdc (8000 vdg)

POST-SERVICE CHECKS

O Return thermostat to original settings recorded at beginning
of service call

DO Leave copy of compieted checksheet with customer

O Power ON before leaving



