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(Safety
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Boots)

/

/
(Safety
Goggles
/
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(Safety Goggles)
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Gloves)

(Safety
Harness
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crimping.

Bit/Ti

Eleclric .wv-\

Body/ Handel

oY




ratcheting

burr- [/

, HVAC,

burrs

)94




swaging

MAIN BODY

o




Drill bit Chuck

Torque selection ring |
On/Oft trigger

Forvard / reverse switch

,burrs,
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HVAC

, HVAC
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HVAC

(EVS) -

Gauge Delivery PSI: 0-800PSI
Gauge Inlet PSI: 4000PSI

Capacity : 100KG/220LB

B
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HVAC

HVAC

HVAC

HVAC

Silver brazing flux copper welding powder
e N.W. 60g/pc
} .
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HVAC

HVAC

HVAC

HVAC

HVACR

NG

(HVACR)
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(Air-conditioner):

(Split Type Air-conditioner):
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Indoor Unit / Evaporator

Conduit for
Refrigerant Lines
& Wiring
Outdoor Unit
# Condenser
]
n
n -
n
DR - (Classification of split type Air conditioner)
S. -
llh
. -
)
. . 9,000 BTU/H 36,000 BTU/H
[ )

3’@.‘ |

o



12,000 BTU/H 60,000 BTU/H

9,000 BTU/H 36,000 BTU/H

80



R.0.9.

9,000 BTU/H 18,000 BTU/H

Ceiling: =

9,000 BTU/H 48,000 BTU/H

8



.
)
.
)
9.
.
8.
° -
Inverter power control
Raise High-speed = High
frequency rofation -> = ks -> capacity
Source :
Lower Low-speed Low
frequency rofation -> _ -y
Non-inverter type air-conditioner
Power Constant Speed o
Compressor | == hi a—— =
c.
)
b, .
q. .
R.5.9.). -
n -

83



Comparison of Energy Consumption (example) *

Saves D8 %

~

100 %
Non-Inverter Type Inverter Type
Air Conditioner Air Conditioner

* Energy consumption is calculated complying with
JIS B8616:2015 for model SSRC140BA (inverter)
and equivalent non-inverter type air conditioners.

|
u
u
1
_; s S i
< = «’ k =g &
Non-Inverter Air Conditioner Inverter Air Conditioner
Continuously switching between Maintaining a steady pace and
sprinting and resting wastes more making small adjustments is more
energy. energy-efficient.
n
n
|
1
R.D.0R.

89



DC Motor of Cross
Flow Fan

® \ariable transmission of
fan speed

@ Super quiet operating
with 20dB(A)

DC Motor of
Compressor

® Greatly improve the
energy efficiency

DC Motor of Axial
Flow Fan

e Improve the efficiency
of heat exchanger
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R.D.9.9,

vsfll

Rotary Inverter
Compressor

compressor

Solenoid
Valve

Vs§

Digital

Scroll Compressor

Conventional
Scroll Compressor
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R.R.9.

84



Dry-bulb
Wetted wick thermometer

W‘ater Wet-bulb
reservoir thermometer

Freely-rotating handle ..........c...... >

Whirling Hygrometer
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Q.R.8.
n
[ .
[ .
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Split Air Conditioner System

Hot weather o

V' -
—
Indoor Unit b
P )

) p———

\\\ Cool Coils

Cool weather _’

Air flow (indoor)

Outdoor Unit
(compressor)
Hot weather Thermostatic Expansion
B Compressor Valves (TXV)
- ‘
-

setup the simple

for home air conditioner system unit ) ,
@ Copper pipe from Evaporator indoor to Compressor outdoor "

@ Copper pipe from Comp outdoor to Evap indoor
@ Sewer (Condensation) Hot Coils ) Air flow (outdoor)
@ Electric wire -

¢o




R.8.

R.8..
1¢ (single phase) 1¢ (single phase)
3¢ (Three phase)
EER(
Energy Efficiency Ratio)
2.8.2. 1¢ (single phase)
.

2. /
9.
8.
.
()
) (S) (R) ( )
) (C) (S) ( )
) (C) (R) ( )
2. /

(@



$ ifi
0 Ohms Resistance To Ground :_(S; R
9.
e 1@ Compressor with Open Run Winding 1@ Compressor with Open
3| Internal Overload
C
O
OPENS ONARISE — |
IN TEMPERATURE R
O_E
g - % COMPRESSOR
e =
= Hear
g_*,{% IS ot oo
o~ ~ BECAUSE THE MOTOR IS HOT)
R ‘\"
i et
8.

1@ Compressor with Shorted Windings

(Note: f not 0", Resistance will be close to it
(-5 and C-R: Higher than rating in manual |

:8.9. 3¢ (Three phase)

3¢ (Three phase) T, T2
Ts 1¢ (single phase)
single phase SR C 3
(G )

Blue Phase

(Phase C) Tumn-te-Turmn

Short
Open Circuit

T ‘r".l','r*?-_’:""d Phase
WA U TPhase A)
‘\_)
Phase-to-Phase
Yellow Phase Fault
(Phase B) M
Phase-to-Ground
Short

@



:88. 3¢ (Three phase) -

. / (Checking a Short to Ground)
T, T»
T3
. (Checking for an Open Winding)
Coil-to-coil B

fault

Open circuit fault F o oegEaRing

fault

Phase-to-phase

fault Turn-to-turn

fault
C

T. Tz

.00

(Checking for Internal Short Winding
)
3¢ (Three phase)

T1, T2 Ts / (T1+ T2),
(To+T3) (Ta+Ty)

( Checking for winding
insulation resistance by megger)

( )
T4, T2 T3

Ty, T> T3

@9



R.8.¢.

To the Tested Winding Terminal

Ul VI w &

Insulation Tester

utr vz w2

(VFD)

(HVAC

To the Motor Body

@8
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R.8.Y.

R.8.4. -

(Selector)

8., -
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: ABCD AVO
A+B=10Q B+C =40Q
A+C=20Q B+D =50 Q
A+D=30Q C+D=60Q
C D
A B
B B
B(
C D D
R.8.5. -
3-Speed PSC Motor Wiring Diagram
- ( y y y
: ABCDE AVO
A+B=10Q B+D =60 Q
A+C =20 Q B+E=70Q

(g}




A+D =30 Q C+D=80Q

A+E=40Q C+E=90Q

B+C =50 Q D+E=100 Q

(Low) D E

E D (Low) C

R.8.50.

TC5K (502)

Inside (Room Temperature Sensor)

) /i V4
i
[ ‘
o .
e wires qr‘e) the two end pinsie
9. /

Outside (Tube Temperature Sensor) - N . /i

(4



Humidity sensor
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Y,

-

High temperature

Iligh temperature
T.ow pressure

Iligh pressure

Compressor

n
. 1
. .
1
1
Indoor .
Medium temperature
High pressure
= AMAAN S
Low temperature |Throttling
Low pressure device
]

) \. —\:’-
q{\— ," — S \\ -

= g \

/| E 5
R = 2| —
-~ i = E \\ -
! ::: = [
.."r / 48] o \ ﬁh‘
/ \

Cold air : : Hot air

SN




Condenser F @
L -

Falter

Compressor
Dryer

ﬁ Pressure Transmitter
@ Temperature Sensor Accumulator

W Humidity/Temperature
Sensor

L. /

b2, Compressor) :

v




S) (Suction)
R) (Compression)
o) (Discharge)

X (Compressor testing)
S. (Compressor pumping capacity)
.
9.

. (Compressor pumping capacity)

YO



250PSI 16

250 PSI
250 PSI
( )
( 1 )
( )
(
2.b.9. (Condenser
/
(Refrigerant)
S, - (De-super heating)
2. (Condensation)

(Sub cooling)

L8



R.L.8.

(Expansion
device)
(Refrigerant Controller)
(Capillary tube)
(Inside dia) 0.787 1.650
(0.031 0.065 )
... (Evaporator)
/
/
)
(Evaporator)
(Force Draft): (Air
circulation) (Force Draft)
SEURVS (Strainer):

be



...

R

SUCR- B

(Accumulator):

~.
/7
ld

|
\ Suitable for cutting copper and
aluminum pipes (pipe thickness:
2-3 mm)

LY



3/4 1/4
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BRAZE WELDING / BRONZE WELDING

2.4. /
2.4..

. 1¢ (single phase) -
(Hertz) (-.

Ly



RAR.

R.4.9.

3¢ ( Three phase)

/

hvactutorial.uordpress.con

hvactutorial.uordpress.con

(

)

1¢ (single phase)
/

FREEZE PROTECTION
SENSOR
(PIPE SENSOR)

Py yy

TAMAS
ROOM TEMPERATURE
SENSOR
(RETURN AIR SENSOR)

voLtace

REGULATOR

220VAC

12voe
POWER SUPPLY

$

RECEIVER / DISPLAY e
RELAYS AND MOTOR

o

= o

AL

<= ot
cONTROLLER
O DRIVER (BUFFER).

REMOTE
CONTROLLER BTy

SWING/LOUVER MOTOR

OUTDOOR UNIT LJ‘]_ -/
RELAY

INDOOR UNIT

OUTDOOR UNIT

OVERLOAD
PROTECTOR

OUTDOOR FAN
MOTOR

INTERNAL
THERMAL
PROTEGTOR

C

COMPRESSOR
MOTOR ]
Ly -
[ -
RC ] n
= o

S

drawn by:
hermawan

%



j
drawn by: A & Mermuwan

iod
e
CASSETTE TYPE IRERNER
(OUTDOOR UNIT WIRING) TO POWER SOURCE  TO INDOOR UNIT
2.4.8. /



( )
1¢ (single phase)
3¢ ( Three phase) /
/ ( )
/ ( )

R.A4.¢.

O



Contactor

Fuscs Ll ........... Tl
LI - |
L2 7 —= @
L3 Lo
L3 I -
Al"_‘é‘O—i_‘AZ
e
* AC DC
(A1, A2)
AC 220v, 360v, 440v DC 24v
* - (L1,L2,L3&T1,T2,T3 R,S, T&U,V,W)
(L1,L2,L3) -
(T1, T2, T3) -
* NO, NC (
2.9.9. (Thermostat)
/
- (Testing of Thermostat):
244,
1¢ (single phase) -

aR



1¢ (single phase)

. (~)F
( )
" : ( ~ )V K )
F( fan) ,C(common), Herm ( hermetic
compressor) (~ YF (~)F
RA4.b.
(~)F
( )
1
2
100
()
R.4.8.

Qo



R.9.50.

R.9.99.

R.49.9%.

(Air Swing Motor) /
Swingular
()
(Pressure cutout switch) :
/
/
/

( )
.
2.
9.
8.

0.0
(Solenoid valve):

q8



Coil
energized

Inlet Outlet

Valve orifice opened

2.4.59. (4-way Reverse Valve):

ae



The Heating Cycle COMPRESSOR —

DISCHARGE
ug

FROM
COMPRESSCOR
DISCHARGE

“g"

FHOM IMDOOR
CoiL “c2”

TO COMPRESS0R '.
SUCTION

g

l§ QE 'Ell
4WaY PILOT

----—-...%L.. FROM VALVE DISGHARGE
\NAY PILOT
FROM VALVE DISCHARGE The Coollrlg CVCIe

24VAC

99%

R407C,R410A, R134A

3 kw 580 kw

R.4.98.

v



20 KONTROL AC SPLIT

indoor (SPLIT AIR CONDITIONER CONTROLLER)
fan motor

19
indoor 21

fan speed sensor ]
- 2 circuit board remo'lle \ =
L controller
pic-ftaken srd_markKed by: 18 17 (PCB) =
hermalian buffer o cer
= . microcontroller

14
geee stepdown

. transformer
swing/louver

1 motor
A/C power supply
cable

pipe
temperature

fan motor
capacitor
remote
receiver

drying mode
indicator

hvactutorial.wordpress.com

outdoor unit 5

t inal block i foarat
ermina ocC| outdoor unit < power temperature
relay cooling mode room T

5 STt indicator Sensor
heating mode indicator temperature
indicator 7 indicator

R.4.0€.

R.9.00. -

- Temperature Up-Down, Fan Speeds, Mode(
Auto, Cold, Dry, Fan) , Timer , Clock, Off/On , Swing , Heater

aq



R.4.94.
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(Job Sheet)- .

(CSR)

(PPE)

(C,S'R)

« C(Common), S (Start), R (Run)

()
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S0,

.
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58.
o¢.
NN
sq.
o,
5.
0.
D.
Q.

Q9.

8.

RE.

QY.

(Job Sheet)- .
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- (Job Sheet)- . - -
R-410A,R-22, R-32

- R-410A, R-22, R-32

Q.
OB :
. , R-410A, R-22, R-32
. - ( ) ) - ( )
. (R-410A, R-22, R-32) . .
¢.
V. .
. (R-410A, R-22,  R-32):
e - ()
. - )
q /
br.

Y
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9.
8.
e.
v,
q.
S
.
9.
8.
e.
v, ,
q,
b
- /
S (Discussion)
2. (Presentation)
o, (Demonstration)
8. (Guided Practice)
e. (Individual Practice)
L, (Project Work)
q. (Problem Solving)
b. (Brainstorming)
S. (Written Test)
2. (Demonstration)
. (Oral Questioning)
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9.

(Information Sheet) .

(Learning Objective)

AC

09



do.

5. ( ):

HVAC

. . )

HVAC

yo8



do.

.

.

39,

38.

€.

Nellg



©.9.5 /
VRGN
©.9.9
©.9.8
©.9.¢ /

classification):

0.N9.€.0

(Refrigerant recovery)

CFC HCFC

( Refrigerant recycling ):

(Refrigerant reclaiming)

(Refrigerant reclaiming )

( Drop-in-Refrigerant):

Nol\')

(Refrigerant recovery system



DISABLED i v,,,,,,/ DRIER 053/~ Qﬁo"

UNIT

90.9.¢._

LIQUID
B - VAPOR
= (OPEN) | CLOSED)
INCOMING POWER
O RECOVERY
( )@ TANK
—
o SCALE
L%",_‘:. LIQUID
E ) = r SERVICE
r:‘—_J: L — PORT-, APRLIANCE
= NOTE: \/

USE MANIFOLD TO 2

REGULATE HIGH | s

INLET PRESSURE ON| SS

RecoverXL MODELS /
VAPOR
SERVICE

VAPOR PORT
V.0.€.9 -

o9



>
( ), ( )

( )
> : () Environmental

Protection Agency (EPA)

/
>
2016 , Ohio HVAC (USA)
$ 29,045
>
I (HVAC/R)

0.9.9

yob



%

%

(TOS - Tank Overfill

Sensor)
.. TOS
%
b, psig DOT
psig DOT
R410A, R32 psig
psig ( DOT-Department Of
Transportation)
5. /
So.
%
5. (1™
5. ,
29, ’
38.
.
su. / 5
0.9
Refriger | Group | Boilin | Suction Dischar | Standi | ODP | GWP
ant g Pressure | g€ ng
Name Point pressur | Pressu
°C e re

dod




R 22 HCFC |-40.8 |60-70psi | 250- 150 - 0.05 |1810
300psi 155psi NF
R32 HFC -51.7 | 110- 377-450 | 240- 0 675
115psi Psi 245psi NF
R290 -42 65-70psi | 275- 125- 0 3.3
300psi 130psi HF
R404A -46.2 | 80-90psi | 280- 180- 0 3922
320psi 185psi NF
R407C -45 75-80psi | 275- 180- 0 1774
300psi 185psi NE
R410A HFC -51.5 | 120- 450- 225- 0 2088
130psi 500psi 230psi NE
R417 -39 65-70psi | 260- 140- 0 LF
270psi 150psi

# NF= None Flamable,

9. 8

0.8.0

(

) Choke)
/

/Choke/Block

90.8.%

(Flushing)

o

IChoke (

IChoke ( )

# HF= High Flamable , LF= Low Flamable




(Flushing)

(Flushing)
(Flushing) -

SLUDGE AND SOOT
BLOWN OUT

o

PRESSURE
REOUCING NITROGEN
AEGULATOR ’ CYUINDER

PO



S0,

9.8.9

AN 9 B G

MR



PRESSURE REDUCTION 250 psig
REGULATOR /

v
O @
o
[ ]
25% /
[ J = ’
(- )%
[
100- 130 PSI /
R22 R410A 250
PSI
400 PSI
©.8.8 (Vacuum):
Vacuum /
(Evacuation) Vacuum
5) ( - )
R) (Triple Vacuum / Evacuation method)

299



500
Micron ( ) L

/\

Compound pressure gauge Plain pressure gauge

Vacuum pump

Setup far refrigerant leak detection. Vac

( )

10-20

98



. "Hg

\9.8.¢

,R32,R407C

po® G opy

0N¢

/
R22,R410a



[ ]
5. S
% 2-4
R
9,
8, )
8.
9. ¢
©.¢.). (servicing) —

NY

(servicing)




0.€.R.
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0. Y
AU

ALK

0.L,9,

0L .8,

2-4

N

(Low coll Fan)



CONTROL CIRCUIT POWER COMMON
T0 COMPRESSOR CIRCWINT

SEPARATE
POWER TO PUMPDOWN
SOLENOID CIRCUIT

LO PRESSURE Hi_PRESSURE MOTOR PROT,
j_,—LI_ CONTROL CONTROL {IF PILOT DUTY)
ONTROL

CONTRO ﬁ"’g‘r
THERMOSTAT CONTACTOR

———ted e ey

o ey
I
¥
1
1
1
1
| S

"
]
]
]
1
1
1

O]

A\
PUMPDOWN
SOLENQID
VALVE

LRA= (Locked Rotor Ampere) /
FLA = (Full Load Ampere)
RLA = (Running/Rated Load Ampere)

FLA

HP = Horse power (Motor Mechanical Power)
1 HP= 746 watt

0.b.¢. (Modern and Eco-Friendly)

N



SACACR

AR N

30



Operation and indication sections of remote controller

' OPERATION MODE indicator

Indicates selected operation mode

Indicates the set temperature. '(-ll doesn't

indicate temperature when operation mode
Is AUTO select.)

Indicates the selected air rate. AIR FLOW indicator
Indicates selected flap mode,
TIME indicator F button

This button, when pressed, starts
operation and stops when repressed.

During TIMER operation  indicator TIMER
During normal operation  indicator PRESENT TIME

This button sets the room
temperature,

This button changes the flap nb&e;

This button, whenever pressed,changes the moc
in the following order.
£253(AUTO) -~ 2 (COOL) -+ {DRY}-> o(HEAT)/ & (FAN

This button used for selecting timed starting FAN)SPEEDW
This button sel air rate.
AUTOSTOPbutton ~ — SWING button

This button used for selecting timed This button adjust the air swinging direction.

stopping. :
'TIME SET button

The two button used for setting present
time and auto start or auto stop.

This button set clock

This button let computer reset

3 NOTE

o Unload the back Cover Above figure shows all indications for the purpose of explanation,
but practically only the pertinent  When air-conditioner is cook-
mode, the HEAT change to FAN.

Cool Mode
/ )
Fan Mode
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Dry Mode

Heat Mode

Auto Mode

ol

N

Eco Mode
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Turbo Mode

Swing Control
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500

60- 65psi

) 70psi
R22 250- 255psi

300ps

i

120- 125psi
) 130ps

i

450- 456psi

R410A

500ps
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5. 1¢ (single phase) | 15 A 15 A,
/
% / 30A 30A,
,1¢ (single
phase)
o, 35A 35A,
8, ( ) | 4Pin
¢. 10-12°c
( )
v, ( IN |16.7A 16.A
) PUT
16.A
RLA | 16.7A
70A
LRA | 70A
A FLA | 27.6A 27.6A
( ) RLA | 27.6A 27.6A
LRA | 168A 168A
b,
.
5,
3. 50 uF 50 uF
(
)
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(Self-Check)-

TOS DOT ?

NGB
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Y0,

(Answer Key)
/

TOS DOT

’?

TOS - Tank Overfill Sensor

DOT-Department of Transportation

(Vacuum): Vacuum
(Evacuation)

(servicing) —

. (Suction)
(Compression)
. (Discharge)
?

?

Mo

Vacuum

(servicing)



(Task Sheet) . :

R-410A, R-32, R-22

(ODP)
(GWP)

GWP ODP
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(Job Sheet)- . -
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Inverter AC Gas
‘Leakage Test Best
- . A Trick & Repair
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(Job Sheet)- . - -

ST .

“ ac system =

Leak Detector

Vacuum Pump
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500

500

VACUUM GAUGE
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(Job Sheet)- . - (500

R-22
R-22
(PPE)
R-22

. R-22

. 500

. PPE

TemFeralure
calibrator HVAC Kit

Suction pressure

@)
To Measure degree of
superheat at evaporator outlet

High pressure liquid
side connection

i Weighing
scale
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70 psi

PPE
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250-300 psi
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(Job Sheet)- . - R-410A R-32
(500 )

R-410A R-32

, (PPE)

R-410A R-32
. 500

. , PPE

(R-410A R-32)
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do.

.

120 psi
psi

410A-

PPE

500-

(R-410A

(

150-200 psi

R-32-

)

R-32)
- ( )
R-410A- , 100-
, 50-60
R-

300-350 psi, R-32- ,
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R-410A R-32
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S. (Discussion)

2. (Presentation)

o, (Demonstration)

8. (Guided Practice)
e. (Individual Practice)
v, (Project Work)

Q. (Problem Solving)
b (Brainstorming)

S. (Written Test)

2. (Demonstration)

© (Oral Questioning)
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/ (Learning Activities) - :

/
(Learning Activities) (Resources / Special instructions)
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. (Task Sheet):
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(Information Sheet) .

(Learning Objective)
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(Review of Competency)
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