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SINGLE PHASE INDUCTION PERMANENT CAPACITOR MOTOR

Wanchai Potivachiratorn

Suchat Saetang

Suranun Lailon

Associate Professor Thongbai Attaseth Advisor
Associate Professor Sulee Banjonggit Advisor

1987

Abstract

The purpose of this thesis is to demonstrate how to design
the Single-Phase Induction Motor, permanent capacitor type. By using
Electronics Spreadsheet, Lotus 123 mﬁde fast and easily in step of
calculation. The motor performances such as, power input, power
output, line current, and torque etc. was analyzed based on the
Cross Field Theory. The comparison of results from.oalculations and
tests was done, in order to check the accuracy of program in motor

performance prediction .
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10AWYN  (1=9) Aot uALRD S sin(8%90°/9) = 0,985
" (2-8) " sin(6%90 °/9) = 0.866
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" (3-7) " sin(4%90 °/9) = 0.643
" (4-7) . " sin(2%90 °/9) = 0.342
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DESIGN OF SINGLE PHASE INDUCTION MOTOR

'

REREPREERRER R EER22E FERKRNE&T CAPACITOR MGTOR sRfRRytssaassstitenanyy

SPECIFICATIONS :
/
RATING
DUTRUT (W) 93.00
VOLTABE {Volt) 220,00
FRERUENCY of source {Hz) 50.00
CURRENT. {Anp) 0,57
Number of PDLE 6,00
SPEED (rpa) 771.00
TORBUE (Kg-cm) 6.90
CHARACTERISTIC
Voltage' {volt) 50.00
frequency of source (Hz) 220.00
STARTING CURRENT (amp) 0.74
" STARTING-TORBUE {Kg-cw) 4.2
MAXIHUM TORGUE (Kg-ca) 7.25
EFFICIENCY (%) 35.00
POWER FAOTOR (%) 100,00
STAMPING DESIGN ===z
He use LENBTH PER FOLE PITCH = 0.80
¥ = Fower Qutput of motor (W) 93.00
EFF = Efficiency (%) 0,3%
PF = Power factor (%) 1.00
Bav = SPECIFIC MAGNETIC LOADING (wb/sg.s.) 0.43
ac = SPECIFIC ELECTRIC LOADING (AT/a.) 10000.00
Nz = Synchronous speed  (rps) 14,67
\ (rpa) = . 1000.90
Volume of Stamping (cu.m.) 0.00
0 = Inside diameter of stator stasping (a.) 0.08
{ = Stack height of stamping (a.) 0.03
SELECT STATOR DIMENSION :
STATOR SLOTS 34.0000
DUTER DIAMETER of stater stasping, Do (m.) 0.1380
INNER DIAMETER of stator stamping, D (m.) - ¢. 0800
STACK HEIGHT L (m.) 0.0310
WIDTH of stator TEETH, Wts (m.) 0.0032
WIDTH of stator SLOT OPENING, Wos {a.) 0.0023
DEPTH of STATOR SLOT, Dss (e.) 0.0175.
-depth of stater core, Dcs (a.) 0.0115
stator slot pitch, Yss {a.} 0.0070
Slot area, As (sq.mn.) saxisus 87.9840 . -
minisua 87.9840
Set: Flux density in the ctatgqr teeth, Bts (wb/sq.m.) 1,30
Flux per pole, (wh.} &.00
Flux density in stator core, Bes (wb/sg.m) 1.25
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IRRRRRERENLRRALTSARLIRILR0ER HAIN HINDING pexadanstsanesasasanisstrseny

Winding arrangement

Turn require for each coil to form 3 sinusoidal distribution

slot per pole =

Coil { 9-8 ) give coil span
Coil { #-9 } give coil span

Coil { ) give coil span
Loil { ) give coil span
Coil { ) give coil span

* Pitch factor for coil (

Pitch factor for coil
Pitch factor for coil
Fitch factor for coil
Pitch factor for coil

5-
4-

(
(
(
{

8)
9
)
)
)

Fercentage of turn per pole in coil ( 5-B
Percentage of turn per pole in coil { 4-%
Percentage of turn per pole inm coil {
Percentage of turn per pale in coil [
Percentage of turn per pole in coil

Binding factor for aain winding,

— — —— — —

Knm (turﬁs)

Mumber of series turn in main winding, Ta (turns)

Number aof series turn per pole,

Turns in each coil per pole

Tpa {turns)
CHOOSE

Ta (tur

Coil (5- 8) 181,74 turn
Coil (4-9) 248.26  turn
Coil { ) 0,00 turn
Coil [ ) 0.00 turn
Cail ( ] 0.00 turn

COMDUCTOR SIZE (mm.)

Current in Main Winding (amp.)
ASSUNE current density of conductor {amp/sg.em.)
Cross section area of Main Winding

conductor, fm (sq.n8.)

Diameter of conductor {ams.)

USE

SHE Mo.

SHG No.

_34_

Total

Tpm (turns)

ns)

Total

46.00

3.00
3.09
0.00
0.00
0.00

1214.90
202,48
430.00

2580.00

CHODSE
150.00
280,00
0.00
0.00
0.00

0.1190
0,389
28.0

3.0



Diameter of conductor (ma.) 0.30

Cross section area (sq.mm.) 0.0707
Dverall cross section area {sq.ma.) 0,0948
Haxisum of conductor resistance
at 20 dec.C (ohm/Ka) 254,0000
Length of mean turn (a.)
Lat{ 5-8 ) LattT 0.13 19.54
Let{ 4-9 )  LatsT 0.18 49,21
Lnt{ ) Lat$T 0.00 0.00
Lat{ ) Latil 0.00 0.00
Lat{ ) LetdT 0.00 0.00
Length of mean turn of eain winding,Lata (m.) 0.14

PRISERIQNARLR 002000884080 ROTOR DESIGN $X4339R032b00ssaasbntasssees

ROTOR SLOTS 48.00
Check; ratio rotor slot/stator slot 1,33
{1f less than 1.5 is satisfied) -
Length of Air Gap, lg {m.) 0.00
SET g 0.00
Rotor diameter, Dr (m.) 0.08
HIDTH of ROTOR SLOT OPEMING, Wor (m.) 0.00
WIDTH of ROTOR TEETH, Wtr (m.) 0.00
Rotor slot pitch, Ysr (a.) . ) 0,01
" .Rotor bar
ROTOR BAR AREA, Ab (sq.nm.) 11.83
Total rotor bars area, Ar (sq.ma.) 568.80
End ring
END RING AREA, Ae (sq.me.) 30.34
USE Te (am.) 6,500
De (na.) 3 6.350
fie {sq.8m.)} 41.28 °

Total area of Stator conductors, Ra (sg.am.) 364,74
Ratio Ar/he 1.34

Gap contraction factor :
Ratio of stator slat opening/gap length 7.67
Kcs = Carter’s Coefficient (p.123) 0.78
Kg for stater slot, Kgss 1,33
Ratic of slot opening/gap length 133
Ker = Carter’s Coefficient (p.123) 0.30
Kq for rotor slat, Kgsr 1.1
Ky = ' 1.47
Saturation factor (assumed value), Fs 1,13

HIARRERLLATLARLLIRAILR002042 RESISTANCE SEaR03800ss2ssaatsasanstanin
Main winding

Rsn (at 20 deg.C) 104,77 |
(at 75 deq.C) 129,42
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The siot are skewed through one slot pitch

Length of each rotor bar, Lb (a.) 0.03
QUTER diaseter of end ring, Dero (a.) 0.08
INNER diameter of end ring, Deri {a.} 0.07
Mean diameter of end ring, De (a.) 0.07
Ratio Deri/Dero 0.84
50, K ring (p.780) 1,00
Resistance of rotor refered to aain winding
Rra' {at 73 deg,C) 74.72
{at 20 deg.l) - bo.48

PEIRTARARIARARRRRLLIRERRLL04 %Y REACTANCE 240423 HE INPUT THE PERMEANCE ¢

Slot leakage reactance”
From the stator constant

al = 0.0041 n.
a2 = 0.0068 am.
b = 0.0015 - ne.
c = ¢,0008 18
d = 0.0007 an.
g = 0.0023 22,
b/a2 =  0,2204
at/a2 = = 0,6029
from fig'4.38 (p.183), F = 0.42
From the rotor slot constant ]
h o= 7.3750
hi = 0.1150
Hs = 3.0700
Specific permeance for stator slots, Lss B.43E-07
Specific permeance for rotor slot, Lsr 2.4BE-06
Cx 1.12
\ Slot leakage reactance in ters of main winding, Xs 33.64
Specific permeance for zigzag leakage, Lz 1.26E-07
Iigzag leakage reactance in tera of main winding, Xz 1.33
/
Overhang leakage reactance, Yo 13.67
Magnetizing reactance, Xa . 458,37
Angle of skew {rad.) 0.52
fissused stator slot leakage factor, Kl 0.9
L3 t
Skew leakag!reactance, sk .29
Total leakage reactance refer to sain winding, Xim {ohs) 62,93
Open circuit reactance, Xoa {ohm) £89.83
Leakage factor, Kr = . 0.91
K1{new) 0.95

HIRIIAINR LIRS RS04 028 08y CORE LOSS taRtRsraatinatasnsdtstrasssin
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Core materidl : H&C

1 Thickness {m.) 0.00
1 Density of lamination, (Ko/sq.m.) 7500,00
i Maximum core loss at 1.5 wh/sq.m. (Watt/Kg.,) 11,00
-Height of stator teeth, {¥g) 0.45
Maximum flux density in stator teeth, {wb/sgq.m.) 2.3b
loss per kg at flux density in stator teeth 11.00
- iron loss in stator teeth 4.9%
Mean diameter of stator core{Do-dcs) 0.13
Weight of stator core, (Kg.) 1.02
fluy density in core 1.12
loss per kg at flux density in stator core 3.60
iron loss in core 3.48
Core loss due to fundamental flux, {Hatt) 8.65
TOTAL care loss (stator + rotor) 17.29
Friction and windage loss assumed to be 0,30
Design for auxiliary winding

H Assupe, A = Tatkwa/Tm$Kua 1,04
Eoil [ 7:12} give coil span 3.00
foil { 8-11) give coil span 3.00
Coil |{ } give cail span 0.00
Cail { ) give coil span 0,00

Turn require for each coil to fore a sinusoidal distribution
" Pitch factor for coil { 7-12) 0,97
Pitch factor for coil ( 8-11] 0.74
Fitch factor for coil ( } 0,00
Pitch factor for coil ( ) 0.00
Total JL.67
Percentage of turn per pole in coil { 7-12) ' a7.74
Percentage of turn per pole in coil { B-11) 42,28
Percentage of turn per pole in coil ( ) 0.00
Percentage of turn per pole in coil { ) 0.00
Hinding factor for Auxilary winding, Kua 0.84
Number of series turn in auxilary winding, Ta (turns) 2683.20
Tpa 447,20

Turns in each coil per pole

Choose
Coil ( 7-12) 258.19  turn 300,00
Coil ( 8-11) 189.01  turn 150,00
Coil { } 0.00 turn 0.00
Loil { ) 0.00  turn -0,00
Total 450,00

USED;
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3 Diameter of conductor {mm.) 0.03
Haximum of conductor resistance
at 20 dec.C (oha/Knm}
Cross section area (sq.mm.)
Overall cross section area (sg.mm.)

5HE No.
Length of mean turn, Lat {m.}
Lat(2 -7) LatiT 0,18,
Lat{3-6 ) " 0,13
Lat( ) " 0.00
Lat( ) * 0.00

Length of mean turn of auxilary winding,lmta (m.)
RESISTANCE .
Aux winding

Rsa (at 20 deq.C)
(at 75 deq.C)

0.26

341,80
0.05
0,07

32,50

52.73
19.54
0.00

0.00

0.16

147.27
181.93

EREAERSAEAAALIRER802S PERFORMANCE CALCULATION ReBxstfasasantestisasasy

2 = secendary leakage reactance,
refered to main winding
%1 = primary leakage reactance of main winding

10 = "ppen circuit® reactance

{X45EE CELL Wig1)
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SI11E OF CONDUCTOR (by area)

area diameter SHE area dia-insulation resistance
(pa"2) (an) ,add insulator (nm) ‘at 20 €
0.0079 0,10 42,00 0.0152 0.139 2381.000
0.0093 D.11 41.00 0.0174 0.149 1957.000
- 0.0413 0.12 40.00 0.0204 0.161 1634.000
0.0133 0.13 39.00 . 0.0230 0.171 1389.00¢
0.0154 0.14 38.30 0.0257 0.181 1193.000
0.0177 0.13 38.00 0.0287 0.1%1 1037.000
0.0201 0.16 37.50 0.0324 0,203 208.700
0,0227 0.17 37.00 0.0354 0.213 803.200
0.0254 0.18 36.50 0.0398 0.225 714.900
0.0284 0.19 36.00 0,0434 0,235 640. 4600
0.0314 0.20 35,50 0.0471 0.245 577.100
0,0346 0.21 35.00 0.0511 0.255 322.800
0.0413 0.23 34.00 0.0603 0,277 438,600
0,0491 0,23 33.00 0.0693 0.297 370,200
0.0531 0.26 32.350 0.0750 0.307 341.800
0.0373 0.27 32.00 0.0799 0.319 *  316.400
0.0707 0.30 31,00 0.0968 0.354 254,000
0.0804 0.32 30.00 0.1081 C0.3 222.800
0.0962 0,35 27.00 0.12463 0.401 185.700
0.1134 0.38 28.00 0.1466 0.432 157.100
0,1257 8.40 27.30 0.1619 0.454 141.700
0,1385. 0,42 27.00 0.17B0 0.476 129.400
0.1390 0,43 26.00 0.2011 0.306 112.100
0.1963 0.50 25,00 0.2445 0.338 89.950
0.237 © 0,53 24,00 0.3000 0.618 74,180
0.2827 0.60 ° 23.00 0.3526 D.670 62,640
0.3318 0.463 22.50 0.4094 0.722 33.260
08,3848 0.70 22.00 0.4705 0.774 43.84¢
0.4418 0.75 21.580 17,9383 0.828 39.870
0.9027 0.B0 21.00 0.4082 0.BBO 33,170
0.5675 0,85 20,50 0,6822 0.932 31110
0,4362 0.90 20,00 0.7605 0.984 27.740
0.7088 0.95 19.50 0.8430 1.034 24,840
0.7854 1.00 19.00 0.9303 1.100 22.490
1.1310 1.20 18.00 1.3314 {,302 13,640
1.3394- 1.49 17.00 1.7313 1.506 11.500
2.0106 1.50 16.90 < 2.2968 1,710 8.793
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SI1E OF CONDUCTOR (by SWG)

SKE area diameter area dia-insulation resistance
{(an"2) (n#)  add insulator {nn) at 20 €

16,00 2.0104 1.60 2,296 1,710 8.793
17.00 1,33 1.40 1,7813 1.506 11.500
18.00 1.1310 1.20 1.3314 1.302 13,660
19.00 0,7B34 1.00 0.9503 1.}00 22,490
19.50 0.7088 0.93 0.8430 1.036 24.840
20.00 0,4362 0.90 0.7603 0.904 21.710
20,50 0,54673 0.83 0.6822 0.932 3110
21.00 0.5027 0.80 0.6082 0.880 35,170
21,50 0.4418 0.73 0.3383 0.828 39.87¢
22.00 0,3848 0.70 0.4705  « 0.774 43.840
22,30 0.3318 0.635 0.4094 0.722 33.260
23.00 0.2827 0.60 0.3526 0.670 62,640
26,00 0.2374 0.55 0.3000 0.618 74.180
25.00 0.1963 0.30 0.2445 ¢, 359 89.930
26,00 0.1590 0.45 0.2011 0.504 112.100
27,00 0.1383 0.42 0.1780 0.476 129.400
27.50 0.1237 0.40 0.1619 0,454 - 141,700
28,00 0.1134 0.38 0. 1444 0.432 157,100
29.00 0.0962 0.35 0.1263 0.401 185.700
30,00 0.0804 0.32 0.1081 0.371 222.800
31,00 0.0707 0.30 0.0968 0.331 254,000
32.00 0.0573 0.27 0.079% 0.319 316,600
32.30 0.0531 0.26 0,0730 0.309 341.80¢
33.00 0.04%1 0.29 0.04%3 0.297 370,200
34,00 0.0413 0.23 0, 0603 0.277 438,600
35.00 Q<0346 0.21 6.0511 0,253 922.800
35.90 0.0314 < 0.20 0.0471 0,243 577.100
36.00 0.0284 .19 0.0434 0.233 640,400
36.50 0,0254 0.18 0.0398 0.223 714.900
37.00 0,0227 0.17 0.0336 0,213 803.200
37.50 0.0201 0.14 0,0324 0.203 908.700
38.00 0.0177 0.13 0.0287 0,191 1037.000
38.50 0.0134 0.14 0.0257 0.181 1193.000
39.00 0.0133 0,13 0.0230 0,171 1389.000
40,00 0.0113 0.12 0.0204 0.181 1636.000
41,00 0.0093 0.11 0.0174 0,149 1957.000
42:00 0.0079 0.10 - 0,0152 0.139 2381.000
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£2: 'DESIGN OF SINGLE PHASE INDUCTION MOTOR

L3
R4: *
"RreteaRRL Rttt et PERMANENT CAPACITOR MOTOR fRtfttrsestatststsistsning
"SPECIFICATIONS

‘RATING

#5:

A7:

.

£10:
6102
Cil:
61l
€12:
Bi2:
Ci3:
613:
IREH
Gi4:
Ci5:
613:
C16:
614
Big:
C19:
619:
£20:
6204
C21:
621
C22:
§22:
£23:
623:
c24:
624:
£25:
623:

A27:

A29:
E29:
B30:
H30:
R31:
H31
B32:
H32:
B33:
H33:
. B34:
H34:
R3S
H33:
E36:
H36:
B37:
H37:
B38:
H3g:
B39;

"QUTPUT (W)
(W] 53
"VOLTASE (Volt} i
(W3] 220

'FREQUENCY of source {Hz)

(W9} 30

"CURRENT (Amp)

(9] 0.573

‘Number of POLE

(K91 4

‘SPEED (rpm) -
(9] 778

‘TORAUE (Kg-ca)

(W71 6.9

'CHARACTERISTIC

‘Yoltage (volt)

[W7] +F

‘Frequency of source {Hz)

{W9] v 1

‘STARTINE CURRENT (amp)

[H?] 0.753

"STARTING TORRUE (Kg-cm)

(W91 4.2

"HAXIMUH TORQUE (Kg-ca!

(W3] 7.25
'EFFICIENCY (%)
[H9) 35

‘POWER FACTOR (%)
[¥9] 100

= = STRAKPING DESIGN ===
‘We use LENGTH PER FOLE PITCH =

0.8

‘Y = Power Dutput of motor (W)

(W91 +QUTPUT

‘EFF = Efficiency (1)

+ (F2) [W7] +EFF/10 ~

‘PF = Power factar (%)

(F2) [H9] +PF/10Q

‘Ray = SPECIFIC MAGNETIC LDADING (wb/sq.m.)
{(F2) [W9] 0.45

‘ac = SPECIFIC ELECTRIC LOADING (AT/m.)

(W91 10000

‘Ns = Bynchronous speed  (rps)

(W3] 2tF/F

“{rpm) =

(¥9] 120%F/F

"Volume of Stamping (cu.n.)

{#9] +DUTPUT!1000ﬁ/(1IlKHM!BﬂvxﬂC!EFFlPFlRPS)
‘D = Inside diameter of stator stamping (m. )
[H9] (D2LCALRP/{E2912P])}~0.333333

‘L = Stack height of staamping {m.)
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H3%s

Adl:
B43:
H43:
844;
H44:
B45:
H43:
B44:
Hab:
B4T:
H4T:
B48:
H48:
B4R
H49:
B50:
Hi0:
B3l:
Hils
B52:
H32:

B33: °

H53:
B35:
H3ds
B3h:
H36:
B57:
"HE57:
As9:
Del:
Hb1:
nb3:
D&4:
664
Hb4:
Db
651
Hb3:
D&bs
Gbb:
Hbb:
D&7:
G4T:
He7:
© DB:

G6B:.

Hb8:
5&7:
a70:
£72:
H72:
£73:
R73:
C74:
H74:

[W?] +D2LCAL/ (HIBLHIG)

"SELECT STATOR DIMENSION :

"STATOR SLOTS S
(F4) [H9] 36 ’

‘QUTER DIAMETER of stator stamping, Do (e.)

(F4) [W9] 0.138

"INNER DIAMETER of stator stamping, D {a.)

(F4) [W7] 0.08

"STACK HEIGHT L (&.)

(F4) [H9] 0.031

"WIDTH of stator TEETH, Wts (a.)

(F4) {H9) 0.0032

"WIDTH of stator SLOT OPENING, Hos {m.)

(F4) [¥9] 0.0023

"DEPTH of STATOR S5LOT, Dss (a.)

(F4) [H9] 0.0175

"depth of stator core, Des {m.) -
{F4) [H9] 0.0415

"stator slot pitch, Yss (m.)

(F4) [H9] @PI1DI/SS

'Slot area, As {sq.mm.) maxiaus

(F4) [W?] 97.984 .
pinisum

{F4) [#9] 87.984

‘Bet: Flug density in the stator teeth, Bts (wh?sq.m.)
[W9] 1.3

"Flux per pole, (wb.}

(7] +BTSHSSH0. F68LANTS/P

‘Flux™ensity in stator core, Bes (wb/sg.a)

[H9] +FLUX/(210.968L2DC5) T
‘3tt{tttttttttttl!ttltttt!ttt HAIN HINDING staestsnestinagradisntanssasy
‘slot per pole =

{91 +55/P

‘Hinding arrangement

‘Coil ( 5-8 ) give coil span

{H) [W9] @IF({SPANL=0,0,1)

[49] 3

‘Ceil ( 4-9 ) qgive coil span

(HY [W9] RIF(SPAN2=0,0,1)

(W31 &

‘Coil { } give coil span
{H}) [W7] @IF(5PAN3=0,0,1)
{491 0

‘Coil ( ) give coil span
(H) (W91 GIF(SPAN4=0,0,1)
{He1 0

"Coil {( ) qive coil span

(H) [W9] GIF(SPANS=0,0,1)

W9] 0

(H) [W9] RSLNH{Gb4..GhE}

‘Turn require for each coil to form a sinusoidal distribution

‘Pitch factor for coil { 3-8 )

[HF] 8SIN((SPANI/$SPP)43018P1/180)

"Pitch factor for coil ( 4-9 ) a
{#7) @SIN((SPANZ/$SPF)1903€FI/1B0)

‘Pitch factor for coil ( ]

[W9] BSIN(({SPANI/$SPF)3701@P1/180)
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£73:
H735:
C76:
H76:
HT7:

A7B:

H1B:
H79:
BRO:
H8O:
BBL:
Hal:
R82:
HEZ:
Ba3:
Ha3:
B84
HB4:
AB4:
Ha4:
£98:
Ha8:
ATD:
H70:
E92:

‘Pitch factor far coil { )

(W3] @SIN((SPANA/SSPPIET0L8P]/180)

‘Pitch facter for coil ( )

[W9) BSIN({SPANS/$SPR)E904P1/180)

[H9] \-

Total
[W9] @SUM(HT2..HT&)

(W9 \-

‘Percentage of turn per pole in coil ( 5-8 )

[W91 (PITCHL/$SUMPITCH)$100

‘Percentgge of turn per pale in coil ( 4-9 )

{W91 (PITCH2/%SUNPITCH) %100

‘Percentage of turn per pole in coil ( )

[W9) (FITCH3/$SUNPITCH)t100

‘Pdrcentage of turn per pole in coil { )

[#71 (PITCHA/$SUNFITCHIL100

‘Percentage of turn per pole in coil ( )

(W91 (PITCHS/3SUNPITCH) 100

"Winding factor for main winding, Kea (turns}

(H9) (PITCHL$PERCENTL+P1TCHZIPERCENT2+PITCHIEPERCENTI+F ITCHA4PERCENT4+PITCHIEPERCENTS) /100

‘Number of series turn in main winding, Tm (turns}
[H9T 0.98V/ {4, 842FLFLUXSENN)

"Number of Series turn per pole, Tpa (turns)
[W9] +HBB/P

‘CHOOSE ~ Tpa (turns)

H92: TW7] 430

E94: °

H74:
A95:
H?6:
£97:
E97:
Fe7:
H9T:
£9e:
£78:
FoB:
H98:
£99:
£99:
F99:
H99:
£100:
E100:
F100:
H100:
Ciol:
E101:
Fiot:
Hiol:
Hi02:
G103:
H103:
Hi04:
A105:
B107:
H107:

Ts (turns)
fH7] +TPMIF

‘Turns in each coil per pole
[¥9] "CHDOSE
‘Coil (5- 8)
+3TPHIPERCENT 1/ 100
~turn
{ue] 1350
‘Coil (4- 9)
+$TPHIPERCENT2/100
*turn
[H9] 280
"Cail { )
+$TPM4PERCENTI/ 100
*turn
(W3] 0
"Coil ( )
+$TPMIPERCENT4/100
Aturn
[H91 0
‘Coil ¢ )
+$TPMIPERCENTS/ 100
*turn
[H3] ©
[H9] \-
[W9) ‘Total
[H9] 8SUM(H97..H101)
[H?] \-
'CONDUCTOR SIZE (ma.)
‘Current in Main HWinding {a=p.)
(F2) [W9) +0UTPUTEI0000/ (VREFFEPF)
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B108: 'ASSUME current density of conductor (amp/sg.om.}
H108: [W9) &

£10%: 'Cross section area of Main Winding

Ci1o: conductor, As (sq.am.)

H110: (F4) [W9] +CURRENT/DENSITY

Citl: 'Diameter of conductor (ma.)

Hii1ts (F3) [W9] @5QRT(HI1014/@PI)

E112: 'SWG No.

H112: (F1) [W9] @VLDDKUP{H110,HIRE,2) .
Bil#: "USE ¢

E114: 'SHG No,

Hit4: (F1) [N9] 31

C113: 'Diameter of conductor {mm.)

HI15: (F2) [W9] BVLOOKUP(Hil4,WIREL,2)

C116: "Cross section area (sq.mm.)

Hilk: (F4) [WY) @YLOOKUP(H114,WIREL, 1)

£117: 'Overall cross section area (sg.mm.)

Hi17: (F4) [W9] @VLOOKUP(H114,HIREL,T)

£118: "Haximum of conductor resistance

D119: 'at 20 dec.C (ohm/Ka)

Ri19: (F4) [W9] @VLDOKUP(H114,WIREL, &)

B121: ‘Length of mean turn <(n.)

C122: 'Let({ 5-8 } LattT

§122: [H9] RIF(SPAN1=0,0,B.4%($DI+$DS5)R(5PANL/$SS)+204L )
H122: [W9) +COIL1%G122

€123: ‘Lat({ 4-9 ) LotdT

5123: [H9] @IF(SPAN2=0,0,B.4%(4DI+4$D55)t(5PANZ/$55)+20%L)
H123: (W91 +COILZ$6123 )

Ci24: ‘Lat( ) LattT

G124t (H?] BIF(SPANI=0,0,8.41{$DI+$DSS)2{SPANT/$SS) +20¢L)
HiZ4: [W9] +COIL336124

C123: 'Lat( ) LntdT

B123: [H9] BIF(SFAN4=0,0,8.4%($D1+$DS5)2(5PANA/S55)+218L)
Hi25s [W9] +COIL4G125 ,
Ci26: 'Latd ) Lot1T

6126 [W9) @IF(SPANS=0,0,8.48($DI1+$DSS)R(SPANG/$55) +288L)
Hi26: [W9] +COILSLG124

B128: ‘Length of mean turn of main winding,Leta {&.)
HI28: [W7] BSUM{H122..HI26)/TPH

ALI0: "ERRPRRRERRRSTALRRLRLNALLL2IE ROTOR DESIGN tR3RRBIXUIBLLLILERERILANLLLL
B132: 'ROTOR SLOTS

H132: [W9) 4R

P133: ‘Check; ratio rotor siot/stator slot

H133: [W9] +5R/S5

Bi34; * {I1f less than 1.3 is satisfied)

B133: ‘Length of Air Bap, lg (m.)

H135: TH?] 0,007¢D1/@SERT(F)

F136: “SET 1g

H136: [H9] 0.0003

B138: 'Rotor diameter, Dr (m.) |
Hi38: [H?] 0.0794

B139: "WIDTH of ROTOR SLOT OPENING, Wor {m.)

H139: [H9] 0.001

Bi40: 'WIDTH of ROTOR TEETH, Wir (a.)

H140: {W9] 0.002

Bi41: 'Rotor slot pitch, Ysr (a.)

Hi41: [W9] BPISDR/SR
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A142: ~'Rotor bar

Bi43: "ROTOR.BAR AREA, Ab {sq.am.)

Hi43: [W9] 11.85

Bi#4: ‘Total rotor bars area, fr (sg.emm.)
H144s {N7] +5REAR

A145: “End ring
Aldg: Area of each end ring (sg.aa.)
Bid: 'END RING AREA, Ae (sq.am,)

Hid6: (F2} [W9) 0.328SRHAB/P

D147: "USE Te {ms.)

Hi47: (F3) [H9] 6.3

Di4g: - De (ms.)
H14B: (F3) [W9] 4.33
D149 fie {sq.ns.)

H149: (F2) [W9] +DERTE

Bl31: ‘Total area of Stator conducters, Am {sg.mn.)
Rial: [H9] 28THEAH

0152; 'Ratio Ar/fa

Hi32: (W91 +H{44/HI5L

A134: 'Gap contraction factor :

B133: 'Ratic of stator slot opening/gap length
Hi53: (H9] +WOS/LE

Bi36: 'Kcs = Carter’s Coefficient (p.125)
Hi36: [W9] 0.73

B137: 'Kg for stator slot, Kgss

Hi57: [W9] +YSS/(VS5-H154340S)

B138: ‘Ratio of slot opening/gap length

Hi58: [H?] +WOR/LE

B159: 'Kcr = Carter’s Coefficiend (p.125)
H139: [H9] 0.5

B160: '¥g for rotor slot, Kgsr

Hi&0: [W?] +YSR/(VER-HLS94HOR)

F162: 'Kg =

H162: [W7] +H1BORH1G?

Aléd: "Baturation factor (assumed value), Fs
H168: [W9] 1.15

ALGb: “ISRRIRIAEARLRLLLIRLRSLLRL200 RESISTANCE $ARRERORRLXRRRRRALILSRARSLILS
B168: 'Main winding

A4St Rsa (at 20 deg.C)
H169: [HT) +H119SLMTHATNEO.001
A70: {at 75 deg.C)

H170: [W9] +H16930,21/0.17

B172: 'Rator

L173: 'The slat are skewed through one slot pitch
Ci74: "Length of each rotor bar, Lb (a.)

H174: [WS] @SART{LAL+YSR*2) .
C175: 'OUTER diameter of end ring, Dero {m.)
Hi75: (H9] 0.0797

C176: 'INNER diameter of end ring, Deri (m.)
Hi7&6: [N9] 0.047

C177: 'Hean diameter of end ring, De (m.)

H177: [W9] (H173+H176)/2

D178: 'Ratio  Deri/Dere

H178: [HS] +H1T&/HLTS

D179 '58, K ring {p.780)

HLT9: [W9) 4

C181: 'Resistance of rotor refered to main winding
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£i82:
H182:

£183:

H183:
AL1BS:
pig7:
C108:
C189:
Digg:
E189:
£190:
D1%0:
E190:
ci191:
Di91:
E191:

Ci92: *

D192:
E192:
A193:
C193:
D193:
E193:
AL94:
C194:
D194:
E194:

AL9S:

€193:
D1935:
A196:
£19a:
D196:
E197:
H197:
£198:
£199:
Di99:

£200s '

D200
£201:
0201
B202¢
H202¢
B203:
H203:

F204
H204:

B206:
H206:
B208:
H208:
8210
K210
B212:
H212:
B214:

‘Rra’ (at 73 deg,C}

(H9] BR(THEKWM)~220.0343(H174/ (SREAB) +24H1TTEHLTA/ (BPIRPA24AE))

{at 20 deg.C)

[W9) 0,0173H1B82/0.021

TERRRNLRSARRRRRASNLARRRIRRILLLL REACTANCE t22428 WE INPFUT THE PERMEANCE 332
'Slot leakage reactance

‘From the stator constant

‘al =

(F4) 0,0041

"mm.

‘a? = \
{F4) 0.0068

"an.

T

[(F4) ¢.0013

ne.
C =
(F4) 0.0008

M,
.

d =
(F4) 0.0007
"am.

‘8 =
(F4} 0,0023
"B8.

‘b/a2 =
{F4) +D191/D190

'al/az'=
(F4) +D1B9/D1%0

"from fig 4.38 (p.165), F =
[W9] 0.42

‘From the rotor slot constant
T

{F4) 7.37%

hi =

(F4) 0.115

‘s =

(F4) 3.07

"Specific perseance for stator slots, Lss

(82) [#9] 0.000000843

"Specific permeance for rotor slot, Lsr

(52) [W?] 0.00000248 '

Ty

(W91 (COIL1“2+EUIL2“2+CDIL‘*2+E0IL4*2+EDIL1*2)ITPM“2¥SS/(KHM‘2X41P)
"Slot leakage reactance in ters of main winding, Is

[W9] 161RPIIFETH ZEKHN 28 (L/55) tH2044 (LS5+(5S/5R)LLSR)

‘S8pecific permeance for zigzag leakage, Lz

(52) [W9] &PILD, 0000004!HTStWTRt(HTS‘2+HTR‘2)/(1&!L6¥YSS‘21YSR)
‘ligzag leakage reactance in tera of gain winding, Xz

[H9] 1638FIEFATH28KHM28 (L/55) $H208

"Overhang leakage reactance, o

[W9] L{63EPTLFITHA20KHH 23(0.000000438P1/ (4. 44554F) }2@PIX (DI +D5S) 1 (BSUM(HE, (HEB) /66T)
‘Magnetizing reactance, =
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H214:
A214:
H216:
A217;
H217:
B219:
H219:
Az221:
H221:
B223:
K223:
B224:
H224:
R225: °
K225:
A227:
A229:
#230;
H230:
#231:
H231:
A232:
H232:
A233:
H233:
8234:
H234:
A235:
H235:
A23b:
H236:
A237:
H237:

H238:
B239:
H23%:

H240:
A241:
H241:
7242: ¢
H242:
f244:
H244:
A246:
H246:
7248:

2302

A252:
H252:

A254:
(H) [H9] BIF(H254=0,0,1)

§254:
H234:

A235:

B255:
H235:

(W] L1638PTAFL{THEKHM)~28(8PI10. 0000004!L1@PI!DI/P)l(lO#LB!YBXPXFS)
Angle of skew {rad.)

[H?] BPI/{5R/P)${5R/5S)
Assumed stator slot leakage factor, Kl

(9] 0.9%

'Skew leakage reactance, Xsk

[H9] +XHI(H216"2/12)1KL

“Total leakage reactance refer to main winding, Xla (oha) 26.37870

[H9] +XS+XI+X0+XBK
‘Open circuit reactance, Yom (oha)
[H9] +XM+XLM/2
‘Leakage factor, kr = _ .
[U9] (XOH-XLH)/XOM
K1{new)

{49] @SORT(H2Z4)
ltttt!tttttttxttttttttttttltltt CORE LOSS takiafisersasassaaaasasstasts

Core material @ H&O
't Thickness (a.) L0003
{491 0.0005
3 Density of lamination, (Kg/sq.m.) 7830
[H9] 7600 §
g Maxisum core loss at 1.5 wh/sg.a. (Watt/Kg.) B.3
(K9] it ’

Height of stator teeth, (Kq)

[H?] +558HTSDS510, 953LLH2Z3

Maxinua flux density im stator teeth, (wb/sg.m.) ~  1.706210
[N?] @P1/2¢BTS

loss per kg at flux density in stater teeth
{W9] 1t

iron loss in stator teeth

[39] *+HZ2331H235

Mean diameter of stator core{Do-dcs)

TH9] +D0-DCS
AZ38: -’

Weight of stator core, (Xa.)
{H9] @PISH2I74DCSLQ.F5LAH2IL
“flux density in core

TW9T 112
A240:

loss per kg at flux density in stator core
(W91 3.6 . -«
iron loss in core
(K9] +H2381H240
Core loss due to fundamental flux, (HWatt)
[H9] +HZ3h+H241
) TOTAL core loss (stator 4 rotor)
[H?] 23H242
- Friction and windage loss assumed to be
(491 0.3

Design for auxiliary winding

1 Assume, A = TatKwa/Tatkwa 1
[H9] 1.04

Coil ( 7-12) give caoil span

[H9] 5

Coil ( 8-11) give coil span
{H) [W9) eIF(H255=0,0,1)

W91 3 .



A256: ' ¢ Coil | give coil span
5256: (H)-[W9] @IF(H256=0,0,1) :
H25b: [H9] 0

A257:

§257: (H) [W9] BIF(H2537=0,0,1)
H257: [W9] 0

6258: (H) [W97] @SUN(G234..6257) .

#259: 'Turn require for each coil to fore a sinusoidal distribution

Loil ( ) give coil span

>

AZ61:s Pitch factor for ceil { 7-12}
H261: (M9] @SIN(({H234/$5PP)15088P1/180)
- AZ62: Pitch factor for coil [ 8-11)
H262: [W?] BSIN{(H255/%SPF)t5088P1/180)
A263: " © Pitch factor for coil ( )
H263: [W9] BSIN((H256/45PP)17038P1/180)
AZb4: Pitch factor for coil { )
H264: (W91 BRIN{(H257/45PP)t9010P]1/180)
A2b6: Total
H266: [H7] BOUM{HZ61..H264)
A248: Percentage of turn per pale in coil { 7-12) ,
H268: [H9] (H261/$H$264)8100
A269: - Percentage of turn per pole in coil ( 8-11)
H269: (W3] (H262/%H$265)1100
az70: * Percentage of turn per pole in coil { .}
H270: (U] (H263/$H$264)4100
A271s Percentage of turn per pele in coil { )

H271: [W9] (H264/$H$266)4100

A273: (T} "Winding factor for Auxilary winding, Kua
H273: [H9) (H2611H26B+H2623H269+H2638H270+H2648H271) /100

. A275: "Number of series’ turm in auxilary winding, Ta (turns)
H275: [H9] +H2GZETHIKHH/H273

AZ276: ° Tpa

H274: (W3] +TA/P

&77: 'Turns in each coil per pole

A278: / Choose
€277: 'Coil ( 7-12)

E27%: +H26B1H$276/100

F27%: “turn

HZ279: [W%]) 300

£280: ‘Coil ¢ 8-11)

E280: +H269148276/100

F280: “turn

H280: [W9] 130 ,

C281: 'Coil { )

E?81: +H2703H$276/100 .
F281: “turn

H28L: W91 0

{2823 “Coil {( )

£282: +H271%H$276/100

F282: “turn

H282: [W7] 0

A283: -

AZ284; * ' Total 300
H284: [W91 BSUM(H279..H282) '
A285: * USED;

AZBA: 't ' Diaseter of conductor (&m.)

G28b: (W91 (H286/2)"118P1
H286: [W9] 0.26 i
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A318:

Maximum of conductor resisfance

"{44SEE CELL WIt%)

. =49~

Kp

it

6. 741357
19.83734
297.43%
9337548

26.13210

A287: °

#288: at 20 dec.C {cha/¥m)

H288: [W9) @VLOOKUP (6284 ,WIRE,S)

Az89: ’ Cross section area (sg.as.)
H287: [H?] BVLDOKUP (G2B4,HIRE,D) . .
h290: Overall cross section area {(sq.om.)
H290: {W9] GYLOOKUP{B2B6 WIRE,3)

B291: [W7] "GHG No.

H291: [W9] 32.3

AZ92: Length of eean turn, Lat {m.)

A293: Lat{2 -7} Lnti?
£293: [W9] RIF(H2534=0,0,8,48($D1+$D5S) K (H254/455)+218L)
H293: [W3] +H2771629]

82%4: Let{3-6 ) :

5294: [W9] RIF{H255=0,0,8.48(¢$DI+$D5S)$(H255/488)+218L)
H294: [W9] +H28016254

A293: Lat{ ] f

B295: [H?] @IF(HZ56=0,0,8. 4!($Dl+$DSS]X(H256/$SS)+2¥$L)'

H295: [W7] +H2BL#6293

A296: * Lat{ ) 2
B296: [W9] RIF(H257=0,0,8, 4!($DI+$DSS)t(HLﬁ7/$SS)*2¥$L)

H2%6: [H9] +H2B216296

AZ98: ° Length of mean turn of aux1lary winding,Lnta (A.)
299: [H7} @SUM(HZ93,.H297)/H28B4

A300:" "RESISTANCE

A302: ° Aux winding

AJO3: Rea (at 20 deg.C)

H303: [W9] +TASLHTARHZB8%0.001

A304: - {at 75 deg.C)

H304: [W9] +H30380.21/0.17 d

A306: #BE8SLERELEIILLELA1420 PERFORMANCE CALCULATION SRARtssasssssasatitisny

A308: ! %2 = secondary leakage reactance,

A30R: ¢ refered to main winding

H309: [H?] 1688PTEFS{ THEKWM] 28 (L/55)4155/SR) #LSR+XSK

A3l 41 = primary leakage reactance of sain winding

HIL1: {W9] +XLM-H30?

A3L3: ! X0 = "open circuit" reactance

H313: (W9 +HIL11+3H

A31G: °

H3L5:. [HT1 +XM/HILT

A7

“HILT7: (9] +HILL+{HIOFEHILE)
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129.420
0.000
0.000

-69.334

-707.010

638,370
9.000
0.060

0.004
0.008
0,000
9,000
0.002
0.002
0.000
0.000

0.883
0.840
0.086
0.046
0.460
0.333
-0.244
-0.237

R
R
!
R
X
X

i=
2=
f=
la=

i=

§

7

7
LN
-1

0,000
4.710
0.000
4,433
8,370
7.010

£.000

0.000

0,004

I
24
1A
128

IL

0,004

0,000

0.000
0.002
0.002
0.000
4.000

1.046 5=

127.420 RC=
74.710 (L=
704,330 x2=
182.970 floss=
£58.370

45,180

129.420  0.000
0.000 74.710
0.000 0,000

-69.5334 74,433

704,550 -438.370
-638.370 704,330
0,000 0,000
0.000  0.000

0.101

0.100
-90%.3
35,330
17.000

0.000
69.334
183.070
0.000

0.000
0.000

0.000
-74.433
4.000
BL.744

]

0.009
0.000
-138.397 -720.333
-720,333  770.839

0,000 0,000 707,010 -638.370

£9.354 -74.433
183.070  0.000
0.000 B1.741
0.000  0.000
0,000 - 0.000
135,906 720,333
720,333 -773.53

0.000 0,000
0,000  0.000
0.000 0,000
0.000  0.000
0,000 ©.000
0.000  0.00¢
-0,001  -0.001
-0.001  0.000

0.997
0.923
0,261
0.242

0.995

-638.370

0.000
0.000
129,420 -
0.000
0,000
-69.534

-0.002
-0.002
0.000
0.000
0.004
0.004
0.000
0.000

707,010
0.000
0,000
0.000

74.7110
0.000
74,432

-0.002
-0.002
£.000
6.004
0.004
0.000
0,000

0,000
0.000
-1353.706
-7120.333
0,000
69,334
183.070
0.000

0.000
0.000
0.001
0.001
0,000
0.000
0,000
0.000

-51-

0.000
0.000
-720,333
773,551
0.000
~74.433
0.000
81,741

0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000

220,000
0,000

220.000
0.000
0.000
0.000
0.000
0.000



I1
I24
IA
128

IL

ilm

iZn

ila

iZa.
jila
jila
jila
ji2za

1.000
2,000
3,000
4,000
5,000
5,000
7.000
8.000
2,000

10.000
11,000
12.000
13,000
14,000
15,000
16,900
17.000

19,000

19,000
20,000
21,000
22.000
23.000
24,000
25.000
26,000
27.000
28.000
29.000
30,000
31.000"
32,000
33.000
34,000
35.000
36.000
37.000
38.000
39.000
10,000

D.980
0.293
0,074
0.405
0.177

0.311
-0.012
-0.071

0.320

0.003

0.293
-0.022
-0.24%9
-0,177

0.980
1,046
0.003
0,185

-0.012
0,293
-0.071
-0,022
0.059
0.315
$58.370
0,000
0.001
0.011
-0,058
-38.279
-1.787
-0.074
-0.023
0.320
-0.249
0,003
-0.177
0.317
-0.072
-0,023
0.005
-0.007
-0.002

-16.440

1,205

-9,002
-21.819
21.819
21,383

11.148
0.407
30.082
0.014

0.806  0.701

0.564  0.712
0.478 0,435
0.297  0.274
0.213 0,223
0.701  0.812
0.493  0.637
0.476  0.b21
0,205 0.148
0.016  0.023
0.274  0.319
0.057  0.13
-0.214  -0.217
0,213 0,222
0.806  0.701
1086 1.044
0,017 -~ 0.024
0223 0.232
0,493  0.437
0276 0.319
0.476  0.621
0,057 0.134
0.017 0,016
0.217  0.185
658,370 458.370
0.000  0.000
0.004  0.005
0.004 0,004
» 0,048 -0.043
-31.603 -28,059
-4,922 5,374
0.498 0,650
0.060  0.140
0205 0.148
0,214 -0.217
0,016 0.623
-0,213  -0.222
0.189  0.145
-0.002 0005
0.09  0.0%
~0.001  0.003
0.011  0.020
0.000 0,001

62,109 61,309
-6.922 -15.484
2,001 10,087
-93.712 -89.548
93.712  89.5348
73,332 62.787

41.212  65.680
17,431 30.170
16,121 13.774
0.009  0.008

0.404
0.803
0.728
0.263
0.229

0.875
0.720
0,703
0.143
4.029
0,336
0.1%0
-0.221
-0.227

0,404
1,044
0.030
0.237
0,720
0,356
0,703
0,130
0,017
0,466
558,370 &
0.001
0.003
0,004
-0.039
-25.636 -
-5,945
0,735
0.199
0.145
-0,221
0,029
-0.227
0.117
0.005
0,086
0,004
0.023,
-0.001
55,491
-17.812 -
11,867
_ 8132 -
81.32
49,284

BI. 447
39,593
12.836

0.007

._52'_

0.303
0.871
0.7%
0.260
0.233

0.921
0.779
0.740
0,128
0,034
0,389
0,237

-0.227

-0,230

98.370
0.001
0.005
0.003

-0.037

23.494

~6.322
0.793
0.248
0.128

-0.227
0.034

-0.230
0.094
0,003
0,073
0.003
0.023

-0.9001

48,495

17.134

10.642

72,389

72.389

35,956

98.187
47.378
12.391

0.007

0.400
0.921
0.844
0.239
0.234

0.933
0.822
0.804
0,114
(.038

0.416 -

0.274
-0.232
-0.233

0,400
1.084
0,039
0.243
0.822
0.416
0.801
0.274
0.021
0.142

458,370
0,001
0.006
0,005

-0.035
~22.191
~7.041
0.838
0.287
0.114
-0.232
0,038
-0.233
0.076
0.001

0.064 .

07000
0.022
0.000
41.864
-14.640
7.5%99
-64.,057
64.037
25,623

109.818
53.333
12.229

0.007

{

0.302
0.953
0.880
0.238
0.238

0.974
0.830
0.827
0.103
0.041
0.435
0,300
-0.237
-0.234

0.302
1,044
8.043
0,243
0.850
0.433
0.827

©0.300

0.023
0,135
658,370
0.001
0.004
0,004
-0,033
-21.146
-7.448
0.864
0.314
0.103
-0.237
0.041
-0,234
0.062
-0.002
0,034
-0.002
0.020
0001
36,125
-11.492
4,044
-57.271
57.271
17.29

118.024
97.881
12,224

0.007

0.207
0.979
0.504
0.239
0.240

0.987
0.870
0.844
0.095
0,043
0.449
0,319

-0.241

-0,236

0.207
1,086
0.045
0.247
0.870
0.449
0.846
0.319
0.024
0.130
658,370
0.001
0.0
0.006
~0.032
-20.394
-7.778
0.885
0.333
0.095
-0.241
0.043
-0.236
0.031
~0.003
0,045
~0.00

0.017°

0.002
31,075
-8.059

0.281

~31.449
31.449
10,654

124,009
61,064
12,295

0.007

0.101
0.9%7
0.923
0.261
0.242

0,595
0.885
0.840
0.086
0.044
0,440
0.333
-0,244
-0.237

0.101
1.044
0.048
0,248
0.685
0.440
0.840
0.333
0.025
0.126
458,370
0.001
0.004
0,004
-0.031
-19.805
-8.082
0.900
0.349
0.084
-0.246
0,044
-0,237
0,040
-0,009
0,036
-0.,008
0.014
0.003
25.874
-3.992
-4,089
-45,479
45,479
4,614

128.770
83.611
12,431

0,007



11.000
floss 42
tloss 43

44,000
o/p 43
rom 44
tor 47
ifp 48
eff 49
p.f 3D

pUTRUT
TORBUE
EFF
P.F

IL
INPUT
In

la

2,363
17,000
61.218

4,383
980.000
0.434
45,401
6.681
0.939

4,670
0.464
6.670
0.993
0.321
70.000
0.294
0.423

3,722 4,085
11,499  B.698
89.714 122,397
64.012 54,087
806.000 701,000

7.743  1.520
193,747 176.48%
41,648 30.648

0997 0,988
34400 52,100

6,381 7.236
45.500 38.000

1.000 0,998

0,543 0.623

119,000 135.000
6,337  0.493
0.334 0,305 °

Tl
A

4,269 4,423
6,500 4,314

186,679 164.%00
42,783  32.042

604,000 503,000
6,881 4,184

189,458 198.943
22.382 16,104
0.784 0,982
DATA

44,200 34.300
7.097 5.433
30,000 22,000
0.993 0,992
0.471 0,708

147.000 154,000
0,367 0,428
0.289  0.279
HACCRD

/o0t

{CALC)™

/RVB10.E13*B20™

fRVBIOEL13“F24~
4] B

/DM~

{DOWN}

{RVD40,DAS™ -

{down 6}

/rvb40, ba7%"

{up 6}

{RIGHT}

{ur}

{BRANCH A}~
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4,342
2.832
182.962

22.7%4
406.000
3,533
205,732
11.077
0.98¢

24.900
6.068
13,600
0.989
0.732

159.000

0.673
0.274

4,430
f.614
194.380

15,682
302,000
* 5.061
210,061
7,465
0.981

17.300
5,571
10,600
0.987
0.747
162,000
0.704
0.274

4,700  4.768
0.758  0.181
202,832 209.76b6
7.896 4.433
207.000 101.000
4,639  4.278
212,728 214,199
4,632  2.070
0.980  0.979
10.760 4,820
3,031 4451
6,330 2,790
0.987 0,984
0,737  0.742
164,000 163,409
0.727 0,743
0.2711 .21
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1984.11.27

T.SHINOZAK]

==============================____.._._.._..__:::::::=========================¢=====
‘ SA-1048 , S4-12868 , SA/ELE .
ﬁgﬁCTERI?TICS 1o
\=2261V] - .
NO, LORD FuLL LORD E.D.T LOCK
z| lc. Fi Ic Pi N F.F |E.F 1 Fo 1B 1c Fi TS
TR D Ay | W |rpm | %> |X#%y | Kacm] CH) (acml <A> | (WY | Kocm
16,296 €4.216.575]126.2] 7r1] 160]43.5 7. 93| 54.9|7.250|6.705]164,3]|4.216
JRRACTERISTICS ¢2)
T Hz 56 60
VYD 226 226
THP Hi Lol
NO LORD(|Ic¢ (R 0.296+1G%|0.238210% 2107 hl X16% +10G%
Pi (W) |64.25+15%|50. 262152 5% +15% +15% 1154
FULL Tc (A>) |B.573+£18%|6.5252:8% 107 Tio% T10v 1%
LOAD|Fi (W) |12€,3*+15%]|114.4215% £15% *15% $15% +15%
T(Kocmy €. 9332154 4.5362154 +15% *15% +15% +15%
N Crpmn’ 771 . €20 1
B.D.T |TBC(Kagcm) 6.162AB0V|3.946HEDY HREOV ABOV AEOV REOV
Lock . |lc (R> 6.755+t16%|8.6632110% *16% *16% +i8% +106%
' Pi (M) |164.3%¥15%|132.2215% +15% $15% +15% T15%
. TSC(Kacm> |[3.579AB0OY 2.08529RB0OY AEOV REQV ABOY AEOV |
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=======================================.‘==========:======;===================
TYPE FC6S-51F5P ) DATE 1984.11.27
= 3.5 microfF ’ HRME T.SHINOZARKI
RT= 24.0 °C

i LOAD TEST

TAF Hz v Fi Ic ' 1 la Ya | Yc H .| F.F

. VD (W) CAY CH) (R V) V) | Crpm) | T%0D
Hi .| Se 220 €4.25 8.29¢6 6.z99 6.433 368 3e9 989 98.8
Lol =1 219 $56.26 0.23¢ 6.2062 @B.379 170 325 °98S 9€. 5
0AD TEST T

{RP{Hz}_V T Pi. Ic Im a Va |V N Po E.F |F.F

(&' Kacm (W) (R (H) CAY <V CYD rpin CWY | %D | %D

1i |5@]228|08.464) 70.0/06.321|0.291 6.422]299|379| 986 4.67|6.€7]99.3
H 1 sel22ele.5811119.216.54218.38718.324|222|299| 86&| S4.4}145.5 166
H i 50|220|7.236|13€.9|6.622|6.42316.365(18&|273| 701 £2.1(28.0199,.¢
H i sgleoel7.697]1147.2|6.€671]0,. 567 |6.289(|1€65]|25%| 66¢E " 44.2]26.619%.5
Hi Iselzze|6.€531154.8106.70816.€28]|6.279]145|250 56%| =4.3|22.2]|99.2
Hi |S6|226 6.0681159.5|6.732|8.67210.274[129]245| 4e0] 24.9]15.6]98.9
Hi |56|220|5.57111€2.5|6.747|6.704{06.271|11€|242| 362 17.3|16.6}9&8.7
Hi 56|l226|5.851|1€4.5|6.7572({6.727|6.271 106243 207 16.716.52]%¢.7
Hi saloza|4.45111€5,4106,.7€2]|6.74216G.271 9€1243 161 4.6212.79(98. ¢
Lol|58|228|8.3591 55.6|6.261106.294|0.3€9[1€5(13361 9€9| 5.82]16.6197.1
Lol |[S0]|219]4.3682]| 93.7[0.434}18.270(0.319(123|285 801 36.6138.5198.6
Lol |58121914.6421167.3]16.49416.446]0.364]185|271 762| 32.5131.27199.2
Lot|56l21914.458]116.€16.535(6.497106.295| 91(263] 6e0a 27.5(22.6€199.6
Lo1|56|219{4.1686}122.510.561|0.537106.289| 81|258| S04 cl1.3117.4199.9
Lol lselz19(3.€672|128.4|@.5°79 0.5672|@.286| 722|255 467| 15.4)12.2|99.9
Lol |56|21913.216112%,2|0.591]6.590|@.285| €€z 65| 16.412.04199.9
Lol lsaelziglz. 951 |131.0|6.599|06. 60 0. 284 &€2|255) 282) €.12]4.€7| 1ou
Letlsalzielz.ves|iaz.0la. c04l0. 616 0. 284 S2|253] 102]. 2.90}2.260399.9] -
oCK TEEZT

THP Hz K Fi lc ; 1w la Va e F.F T

- YD Tl (A CH?Y CHY D) YD (%Y CKaQeom)
H1 So gt 124, 3 vw.75% @.745 @,27% A £4% o9&, 9 4.210
Lol S 219 122.%2 a, 63, 0,819 @, =2E SO =] 160 2,422
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