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ABSTRACT

This paper proposes the design, simulation, and
implementation of compressor motors in which the

study and development of the compressor motor
efficiency as the type of Permanent Split Capacitor
Motor (PSCM) are emphasized. The proposed PSCMs
are based on the conventional stator and rotor
structures of a manufacturer. The design is focused on
the decrease of both the stator copper loss and the
stator core losses. Computer Aided Motor Simulation
(CAMS) program is used as a tool to calculate the
proposed motors behaviors. To investigate and verify
the design, after that, the motors are implemented and
experimented. The given results of the designed motors
are compared with the conventional ones. The
proposed technique is found to be useful for efficiency
improvement of the motor compressor.
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Induction(Tesla) (x10;Kilogausses)

°
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Specinen : Parallel o R.0. a hatf)
Perpendicutar to R.D.(a half), 30m
Density :7.85kg/dm

005 007 041 03

05 07 1 A
Core Loss (W/kg)

FUA 2 Augaidevasunuindn Siicon Steel Type
50PN1300

Induction(Tesla) (x10;Kilogausses)

CORE LOSS

50PN470 0

Test method : Epstein (Before SRA)
Specimen : Parallel lo A.D.(a half) a
| Perpendicular to R.D.(a hall), 30mm
|y Density : 7.70kg/dm*

o0 003 05 ‘;

Core Loss (W/kg)
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__Motor Name:

|| Motor Parameters

Slulm ;-a-:eL ors . ‘inding layout Detall Winding Results —— & = -
ator Stack Lenath: [0 ] mm .
o Assumed Winding Temp: 0] o Effective Turns
Rotor Stack Length: mm Winding Factor (Kw)
mm ¥ Standard ||| Winding Insertion Order: | || Resistance at 20 C:
| | o ain Aux Resistance at AWT.
Parallel Paths: [0 ] ] Mass of Wire: [ Kg )
Radiol Skew Angle: [ geg \Wite Dia (Bare]: Harmonics:
L1 T e ot caeutote | 3
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2 1
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3 15
4 17
5 19
Supply Frequency : [0__|Hz N 2
Output Power : w

Friction and Windage loss : [0__|w
Assumed Rotor Bar Temp: [0 |C

Performance Results

Magnetic Circuit Calcs Performance Calculations
Locted B

Gross Flux/Pole mwh Batne T
Effect. Flux/Pole mwh Output
Speed
Torque -
Input :
Efficiency
Power Fact
i line

i main

i Aux

Cap Volts

Density  AmpTums
Stator Core

Stator Teeth

Rotor Core:

Roter Teeth

Air Gap
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Saturation Factor
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waaIn wazauindniuuszglduuuiferdiuivaames
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L] ¢ 5 wewmeseanwuulug (MC5) Wunewmediaueild

mseenuuuiianisagedsluunuman wavanugoyds

otor Mame: kwe515 Motor Type: | PSC ~| Lamination : iCalculate;

Tu

iu'ur !am megrs - qlngmg !ara me!ers — — !e%rman(e !esuF_ .

Motor Parameters ] - Winding Results : Magnetic Circuit Cales Performance Calculations
Stotor Stack Longth: [B0.0 ‘Winding layout Detail: _zpusu:rrs/q - Main— —Aug N sk ar
ato Stack Longth: (900 mm Assumed Winding Temp: Effective Tums= | 910 1057 || | Gross Flux/Pole mWh: 6.138 Rt Town  Laad
Rotor Stack Length: [80.0 | mm o : 1° Winding Factor (Kw) | 0.806 | 0.874 || | Effect Flus/Pole mWh: 50882 | | Dutput: [0 3343 | 1748
Rotor Diameter | |mm ¥ Standard || Winding Insertion Order: [MainFirst =] | Registance at20C: |12 | | 26 Densits Ao Speed : 0 2369 | | 2891
) . Main Aux Resistance at AWT. | 1.6 33 ensity AmpTUMS | | Y orque - 159 | 1348 |57
Fiun Capacitar Star Capacior 0 ]| 0o [ [ Mass of Wire: (Kg ] | 1.085 || 0.532 ||| | Stator Core: 1733 7] || Input: 8558 | 6664 | |2075
Radial Skew Angle: deg Wire Dia (Bare) 0.900 ] i Stator Testh | 2.083 54| | | Efficiency: 0 0502|0842
Switching Spl__] PIC Resistance: 1] [ o 3 loss || 7:1 Rotor Core: | 2.060 52| || PowerFact: 0.78 | 082 | |-0.89
Wire material: Calculate | g 015 254 Rotor Teeth : | 3.152 70 iline : 49.70 | (3249 |9.27
Endiing #1 Part No.- Slot Fitl % Fud Biwd 7 | 009 |lon it Gap : 1090 | | 431 || imain: 5160 | 3168 |6.87
Endring #2 Part No.: m 1 686 9 |-079 | -005 i Aux - 328 | 316 464
2 sae 1 o los || oas Total: ga4 || Cevols: (2318 | 2234 3200
Lamination Steel Type: [someno -l 13 | 042|037 otal: TPulse]: |0 1036 [1.25
3N 16 |0 15 o7 | om Saturation Factor : 0.630 Jmain) : | 39.48 | 2424 |5.26
Performance Parameters "
4 nz2 26 |0 17 |om || 005 Jaux - 515 | 496 | [7.29
Supply Voltage : v 5 736 38 |0 19 |oos 067 Jringl) : 19.01 | 1164 (245
Supply Frequency : Hz 6 e B o] A o014 413 Jring?): 2563 | 1568 (330
Output Power- 1760w Jibar) : 5260 | 3219 [6.77
P KCombined : 100 | 101 | [113

Fiiction and Windage loss - [10_|w
Assumed Rotor Bar Temp: (95 |C

g‘t/ﬁ 7 mi‘ﬁauﬁafyﬂ Uazaiamuanl Winding results Wa Performance results Y99uelnos

Torque =~

[ Line Current

Input Powe

FFOEOEOEOEEEE OB

Output Power-\

i

H
=
o
i (¢}
[¢]
<

=3

— Main winding
Auxiliary winding

3Uil 9 Windling Diagram Yesslesmasiuuy

A5 3 VoYaveIYAAINFNAOTYEIUDINDTHULUY MCI

Diameter | dwin | Anmen | anudiuny FIIUTOU
UAAIN
(mm) (kg) (m) (@ fonouE(saU)
Main 1.29 1.15 96.2 1.2948 226
Auxiliary 0.9 0.563 97.45 2.6945 242

Yaanawaes tnevinisiuasurinvewnundn anfAy
vuntudussudmdnilianuenunumanduiy lneld
wnumdnafialuiidie Silicon Steel Type 50PNATO LfiuA31x
81N uana iy 80 mm. 1y 89 mm. wWasuvua
VUHAUENANE UazTIUIUTOUVBIVARIANGNANLAN 1.29
mm. 7 226 58U 8 1.3¢ mm. 7 220 50U warlUAsuwIn

s Augna LagduIuToureIunaIngIeNAL 0.9 mm.

a

7 242 s9u \0u 0.91 mm. 7 236 58U N15IYAaIRTITILIA
Wurgudnandlugu andiuiuseun1siuunaInaiaves
WAAIANEN BazvaaIntIy LWunavliA1AUAIUNIY LazAn

AnumienivewnaiInanal wrdandlddaiiulszauuinmi

Wude 45 UF Fuduvuiafeafuivuemesduuuy doya
18821880 109UAAIANEN LazunaIntIeidudinised 4

ANBULYBIVARINNITULUUNUNBEYBIUAAL YA TULAa TUll

sUuvumsiuduaguil 11 (4]
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YoeunumanTiln 50PN1300 usbifidoyaveawnuminyinlng
fio 50PNAT0 fstiudwihnissinesnmaut® wavaussnuzng
vhauvesmelned MC3-MC5 aufildioanuuy wagiinauslng

IEGRGHRG

A5 4 ToyavevnalnawineTvesaines MC5

Diameter | thwutn | Awen | muduniu FIUIUTOU
YA
(mm) (ke) (m) () fonoud(sau)
Main 1.34 1.28 95.1 1.1788 220
Auxiliary 0.91 0.6 96.25 2.6063 236

Yoaunuwdnvila 50PN1300 lanan1sAtuiaiannlusunsy
CAMSI U IAn51971 5 FumounisAuam wazsisavidennis
Feuvelusunsy sauvanan1sAwInegeseadu
lonanssnsds (5] wianntiu efigayl uazBusugniaut® uay
ausTouzveLaImasANmIAwesTlFeanwuuly Seiinas
Fnaduemesaounsawes MC1 Fudunowesdusuuidu
geuusn wnuwananes warlsweiiduwila Silicon Steel
Type 50PN1300 dnwauzvesiauaiiiuniiyusne uagduiu
afomdusananslusud 12 Tnaguil 12 (n) Wuunumén
awmes uazguil 12 (1) Wuunuimdnlsines lassaiisvesls

MBS warawmlAasYRINBLNBsAULUUNUSENaULES IS e US oY

A Y ' v a
E‘UW 10 AUANYEUTAN ] NINTULVIAUA

wdwduswandluzud 13 lunsituanaiandn uazunaingie
Admswunuuduvestu vnaausazgeihinnadluiosadent
dnwunidudwanddusui 14 laglusuiBuvaadndviu
wawes MC1 wisaniudnaiisuomes MC2 Fdldunumsn
¥iinlnal Silicon Steel Type 50PN470 wieviraimnasaes
yamesABNMTALRT MCL Uay MC2 unUSeuiisuiunauans
Tugudl 15 9anguaziiiuindefiansanlassadimisnienin
yosamesveIBmeTiansfinuadtafiy ogslafiny

Wingannlaseas1anldlunisdnasauenasnaunsawasn

v
S

dauelunuidediinnuens 2 vuia A 80 mm. @su
yoLmes MCL wag MC2) uaz 89 mm. (d1usunetnas MC3,
MC4 was MC5) atuiietinlassadriwesdmmasifaunn
Hufintihge ve Stack Mumnsneiy 2 YunuSeudiouiu
I§5us1amsnienmvesaianefifudgud 16 Snwme
TssadaneludlovszneuduneumsawesSeusesudniy

o

qg"dﬁ 17
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Electrical : 220 - 240 V / 50 Hz. 1 Ph
PRINCIPAL DIMENSIONS - mm ectrica /50Hz ase

Nominal Performance

Capacity 5,972 Watts
=3 - 20,375 BTU/Hr
if
T A [ Input Power 2,077 Watts
T | L Lock Rotor Amps 51.3 Amps
—E - ! . Rated Load Amps 9.81 Amps
SUCTION TUBE 12.86 1.D. DISCHARGE TUBE 8.07 I.D. =
CoP 2.88 Watts/Watts
EER 9.81 BTU/W-Hr

A: 324] B: 223| C; 191 D: 191 E: 239 Testing Conditions

Condensing Temperature 54.4 °c (129.9 °F)
SCHEMATIC WIRING DIAGRAM P.S.C.
- £ Rela . Evaporating Temperature 7.2 °c (45.0 °F)
L N Liquid Temperature 46.1 °c (115.0 °F)
Return Gas Temperature 35.0 °c (95.0 °F)
COMPRESSOR
INTERNAL Ambient Temperature 35.0 °c (95.0 °F)
OVERLOAD
Application

Evaporating Temp. Range HBP , A/C @ 0.00 °c to 13.00 °c
(132.0 °F to 55.4 °F )
Refrigerant R22

r
RUN CAP

Compressor Cooling Fan

Compressor and Motor Data

Compressor Type Reciprocating

Displacement 43.10 cc.

FUM 10 pauanwalzsng 9 1en1umailn

157971 5 Joysniseanuuy uasnamsavaalnelslusunsy CAMS ualdunuman Silicon Steel Types 50PN1300

. | Stack Main Winding Auxiliary Winding Capacitor | Input | Output | Efficiency
UMD
(mm) | Diameter Turns | Diameter [ o (uF) W) W) (%)
(rnrn) (rnrn)
MC1 80 1.29 226 0.9 242 45 2,075 1,760 84.2
MC3 89 1.29 226 0.9 242 45 2,078 1,760 84.3
MCa 89 1.29 226 0.9 242 35 2,070 1,760 84.7
MC5 89 1.34 220 0.91 236 45 2,064 1,760 84.8
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Main winding (n) YnadIAnan () VaINYIY
L N ——— Auxiliary winding

o . SUT 14 N19UY9aI9998I9%aN UazunaInteTukuuiy
U 11 Winding Diagram vessainas MC5 v

Z28)

() amas @) 15903

FU7 12 lpssasnausiug 1unveunidnvedlsines uay
RH

(n) Stack 80 mm. (9) Stack 89 mm.
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Wudegue 18 n1svadeud198amIuu1nsgiu ASHRAE

(American Society of Heating, Refrigerating and Air-

conditioning Engineers) [6] #01na3ABULNTALTOINNFIYN

nagauneldtauluieliufe 918usasulnin 220 v aud

o ¢

Il 50 Hz idafAnde Ny 1760 W Ll0991nusLn0s
Aousalgasisanuuy wazdnasieluuided Ju
AouLnsalwasuln AW uazdneodludszian High Back

Pressure fsduiidedaudenldarsianubueiin R22 Fadu
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Suiileviinsnageuausavinld Tnedsrnamantifsng q 19
\Wulupdidvunluanss deasunisesnuuy uagnanis
nadouUsTaNSnmN1sAudureNeIneSARLINTALYDS
onunidoyadudissayBoalunsedl 7 dwudeyananis
naaauns Ul wagmsdun AU uresuaines
Aouwmsawesluanzasiiivwandoadufmisd 8 aan
Foyaramunaziiuldereinauiiidustuliin uazanud
Iidoudnvindu
L mc1 umeumsawessunuu fifiussansamnnsyany
Wiy Wity 9.81
[ Mc2 Jupeumsawesiisonuuunowasinl laglduny
wmanamnosiimnsgadefiunumdniosniunuman
AULUU INWANIINAGDUNUI A1 Input Power SiAnanas
dlawleuiiu
MC1 wazUszansamnisvhanuduiisiuain 9.81 1y
9.83

L] MC3 \Wuneumsawesiieanuuunomosiugd Insanan

AU LA UL SILANAY eSSy unide
< a s &

YBILNUMANIAYNNTIRLAINNENYBINBLAa SN 89 mm.
INHANITNAFBUNUIT A Input Power JA18AAY 1D
a 1Y) a a ° < o &
Wiguiu MC1 waguseansninnisyianuduiinduain
9.81 101 9.93

() FuD19 () FUNAS

(P) ATUNTA
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AITNT 6 NMTNATOULINDIADUNIAIYOSUUY High Back Pressure

REFRIGERRANT OF TYPE R-290 ‘ R-22 ‘ R-123 ‘ R-134a ‘ R-404A ‘ R-407C ‘ R-401A ‘ R-410A | R-600a
EVAPORATOR TEMP. a5°F  (7.2°C)

SUCTION PSIG 706 | 7606 | 13'Hg | 4005 | 94.21 70.72 4155 | 13011 | 1445

PRESSURE Psia | 8531 | 9076 | 652 | 5475 | 10891 | 85.42 5625 | 144.81 | 29.15
CONDENSER TEMP. 130 °F  (54.4°C)

HEAR PSIG | 2587 | 2699 | 2055 | 1987 | 35564 | 34074 | 22121 | 41792 | 959
PRESSURE PsiA | 2734 | 3116 | 3525 | 2134 | 37034 | 35544 | 23591 | 49262 | 110.6
AMBIEN TEMP. 95°F (350 C)

GAS OUT OF CAL TEMP. 95°F (350 0)
RETURN GAS TEMP. 95°F (350 0)
LIQUID TEMP. 115°F  (46.10)
VOLTAGE vr
@159 7 N1500NUUY UALKANTTVIAGEUYSEENENMNITIIAIS uYaInaTAeUNTaYeT
Serial MC1 MC2 MC3 MCa MC5
Silicon Steel Types 50PN1300 | 50PN470 | 50PN470 | 50PN4TO | 50PNATO
Stack (mm) 80 80 89 89 89
Diameter(mm) 1.29 1.29 1.29 1.29 1.34
Main Winding
Turns 226 226 226 226 220
Diameter(mm) 0.9 0.9 0.9 0.9 0.91
Auxiliary Winding
Turns 242 242 242 242 236
Capacitor (uF) a5 a5 a5 35 a5

RLA(A) 9.84 9.74 9.38 9.67 9.34
Input (W) 2,077 2,068 2,050 2,099 2,043
Cooling (BTU) 20,375 20,331 20,346 19,960 20,482
EER 9.81 9.83 9.93 9.51 10.03

151971 8 Joyananisneaoun il uasm IR uYBBIma RN SAITDS

Serial MC1 MC2 MC3 MC4 MC5
Voltage(V) 220.67 220.1 220.34 220.56 220.93
Frequency(Hz) 49.98 49.98 49.98 49.98 49.98
RLA(A) 9.84 9.74 9.38 9.67 9.34
Power Input (W) 2,077 2,068 2,050 2,099 2,043
PF 0.96 0.97 0.99 0.98 0.99
Speed(RPM) 2,898 2,894 2,885 2,869 2,893
Cooling (BTU) 20,375 20,331 20,346 19,960 20,482
EER 9.81 9.83 9.93 9.51 10.03
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U mca upsunsawesiivenuuuneweslvl fiandany
nuLULIFULTILanas wavanuuln Capacitor fine
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(Torque start) ¥93uBLABIHBEAY Y1119 Input Power HA1

~ X o A o a a ° <
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anasan 9.81 1w 9.51

[l Mc5 Wuneunsawosiiiniseonuuuimuiann
AoLMSAaS MC3 Taan1sudia Break Down Torque U84
wawmed MC3 liflalndidsatunewmes MCL Tnanisiiiy
YUINAILIVD9IINAIN Main LazanaIn Auxiliary waran
TIUIUTBUVIVAAIA Main Lagunaln Auxiliary 31NKa
ANSVAABUNUT Input Power dAnanas Wewieuiu MCL
Tnelunainasin 5 # uawmas MC5 1iaalwitmednu

N Y

dunnilatesigafie 2,043 W illawSeuiiisuiviemes

:
=

MC1 FadunewesduwuuldiddluimiesiuBunmiian
2,077 W agiiiudildiddluimiesinudunmilesniniiiu
3a W Aenduussuna 1.63% wagiiA1uszansnainnisvia
aruduiadusmsiuewivnanniian e
InuoImes MC1 Fafldn EER winu 9.81 18u 10.03 Fadl
AUz 2.249% nranisnageUsnaLandliy
Wiuegedniauindenwndaiiviauedmiunisiauie
WinUsEAvBANUDaLnD I ADLINTAD S 1a1nas MC5

anansathanldnuldass uagdusednsamiigenan
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