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SUMMARY

I. Title
The Study on IPM traction motor of urban railway vehicles

II. Purpose and Necessity of the Study

If existing induction motor is replaced by traction motor of urban railway vehicles, electric
fee 1s reduced by 2,500 million won. In this study, the goal is to develop IPSM for towing
urban railway vehicles. Because dust getting in rotor make motor degraded and damaged,
for practical use of traction IPMSM, totally—enclosed machine must be studied. But because
motor that adopted totally—enclosed enclosure is vulnerable to heat, the housing structure
cooling down heat is studied and the permanent magnet is designed not to generate
demagnetization. Because IPMSM requires separate driver and wide velocity control
technique for towing vehicle, driver and control techniques are developed with IPMSM.

Also, IPM motor performance evaluation testing techniques are developed for qualification
of IPMSM.

IMl. Contents and Results of the Study

1) Development of design technique of IPM motor for towing urban railway vehicles and
production of prototype

- Development of design technique of IPM motor

- Design performance comparison between IPM motor and prototype

- Research for increasing efficiency of IPM motor

— Reliability research for practical use of IPM motor

- Development of production technique of IPM motor

2) Development of drivers for driving 210kW IPM motor and control algorithm
- Accuracy of co—analysis simulation of IPM motor

- Manufacture of inverter for IPM motor and unit test

- Development of control algorithm of IPM motor

3) Development of techniques to test and evaluate 210kW IPM motor
- Development of evaluation technique of efficiency of motor and inverter
- Evaluation test of output and efficiency of IPM motor and inverter

- Demagnetization durability test for practical use of IPM motor

IV. Application plan of research development result

[Field application plan]

O Replacement of existing traction motor of urban railway vehicles

- Manufacturing enclosure of IPM motor and inverter to install to existing tractor, possible
to replace existing induction motor and inverter

- Applying to partial tractor and comparing the progression of power consumption, possible
to prove validity of IPM motor



[Commercialization plan]

O IPM motorization of new railroad vehicles

- Possible to run IPM motor as newly manufactured traction motor of urban railway
vehicles

O Holding a seminar for promoting research result

- Visiting the persons of railroad major company, public office and management agency

- Constructing and using an advisory committee

[Creating new industry]

O Design technique of IPM motor is applicable not to urban railway vehicles but to light
subway and high-speed trai and, if IPM motor is adopted as traction motor of light
subway and high-speed train, Design technique is utilized usefully

O If IPM motor is used for traction motor of railroad vehicles, invigoration of IPM motor

industry and inverter industry is expected
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=

=

0.993025 T
Bg 0474366979 T =
B.gl 0465376743 T =
Com 6079973634 =g
D.g 0.25286726 m a5 9E
L stk 0.214937171 m =9 20|
D_ro 0.25186726 m SIFA 97
wW.m 0.071930551 m HIATA
Brdecl 0.083413791 T Rib FERSTE
Brtempl (0.909611209 T e e
B g 04345203 T =y ST
B.gl 0426285241 T SSASEE 7D
Com 5569257757 EC R ES
D.g 0.26037187 m 33 93
L_stk 0.22131600 m =g 20|
D_ro 0.25837187 m TR 9
W.m 0.074099622 m TR Y|
Br_dec? 0080372073 T Rib S4REEE
Br temp2 0912052927 T BMERSIC
B g 0.435686706 i Z=RE2n
Bgl 0427429541 T ESMSLE 7|0
C_om 5584207617 EEA S
D.g 0.260139309 m == 2E
L_stk 0221118413 m =g Lo
Do 0250139300 m IR b elp=]
Wom 0074032405 m AT e
Pos.m 0122603577 m SR 2%
psigl 0012873423 Wb SE S
MN.ph 4562148428 =] ACEEE B4
N.gh a5 E =3 H
alpha.m2 0.606575285 HIARM BT 2582
W_web 004783428 m HE
20 5 - ERF EH2
f.a 220 A HEAFEIA)
A slet | 4074074074 mm2 =5 HE
Wt 7326455148 mm x| =
W.sy 3296904817 mm  DEA 23 A
R_sS 1335696547 mm  R_si+dl+dZ
H t 38.884758 mm #.20|
a9 212 AA Zrae AFv] AA BE

beta 36 HE A5ZEE 55
La 220 A HEEEIA)
Zc 5 - 28 EH=0
a 2 - EECE
N_poles 6 - =2
D.ro 260 mm S| FHA 9|
L_stie 291 mm g 20|
W.m 74 mm 7R F5
T m 16 mm R i
Pos_m 122.0 mm HPEAA 2fA]
W_web 47.8 mim 4=
T rib 15 mm EEa
g 1 mm =520
D _shaft 156 mm S| HAE Y EH
B so 411.8 mm DER ol E
W_sy 33 mm RECRERET]
Wt 74 mm X =
Ht 389 mm 7 2o
W_so 25 mm =E WFE
di 15 mm 7 =50
dz 15 mm T =0
Oy 213 AA ZEae HdE7] A AAAY Y FE
WA ZRads B9 wdd
AME ds7] AgE 7ML AA Z2aPE ol&ste] 17l 149 o] R eglnt
=5, EE5T P 65 MER JHEA FUIAS A Ho 1602 REEE Aolth
T3 0F &% FHo AR RUysHA dF X7 "AHAT. AN FAE
10mm, & 74mmeo] il 3 A2 9 74-E& 260mm, LA € 74-E 43mm=E At 3 A Aot
2gAe 4EAolt 20mmelH 14 BA HNFE 458, 2RF =ASE 1070/ o



W oggse Ase 2otk AAFE 34 20Ams7t Bk ofd) 2REL AAE Ve
Wi FELRAAPOR Ao AT AA4A Y FAE nojEh

a9 214 AFAN F1AE ) N2aA wd

B[teslal
. . GOEE e +ARE
. B71k4e +AEE
. EU42Oe +AEEH
. 4143 +AEE
. 2857 +A0E
157 1e+EEE
. BZ86e +ARE
AEGRE -FE 1
7143e-801
4286e-EE1
142 9e-BE1
. 6572e-E01
. 5715e-A01
. 2857 -E@1
3.8181e-086

R R = T B e e e e e

X% (2400rpm, B=40deg)

A% (2400rpm, B=40deg)
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400

300

B, e e e
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Rotate Angle [degE]

a% 217 712AA BEde] EA 99 (2400rpm, B=40deg)

1000

600

400

200

Electromagnetic Potential [V]

-800

-1000

800 +

30 0 90 12 150 80 210 2 270 00 330 360

Rotate Angle [degE]

a9 218 712AA 2ol B3 38 (2400rpm, B=40deg)

L | e | | | | B

400

Torque [Nm]

200

300 +44-4-H-+H-FHH--H-V - H--H - H--H-- -

0 30 60 90 120 150 180 210 240 270 300 330 360

Rotate Angle [degE]

29 219 7| 2AA 2l B 99 (6000rpm, B=78deg)
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Electromagnetic Potential [V]

Rotate Angle [degE]

a9 2110 712AA 2del EA 3% (6000rpm, B=78deg)

10% olvE 2dsAth

2. IPM AF7] HAAA (FFdgua)

NZ2AA B2 EAEEA QS derIRAMe 87 Atds wEeA R, A A<l
asxlsdde]l 2 5 e EAdEe] vluA 2 ol Fdxtel FaApae] widH o9l
TEREAS TRAoR AAdA e it kA gQle] dasith ofE #s ofefel 2ol
23 4S AR

W FEe § 32
=% J7aalel 9
6000rpme. 2 3 Hstes A

0.47223 Min
A Ay (@6000rpm)

EN

% 2111 7 RAA mde T
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440 40 o
1756.7 g (max%)(_ )
Tz A3 Aol 0252 /EAN 150l wake] v mEEHE FEol%,
o) £AE FERACE FAHA Rahe] JTAMN HHE sbsAe] W Erhe
& a8 AR J1E 542 fAEA A4 TN T2 o

L 3l da 2 HE

ZNZ2AA mdel ddxte]l A wAdEe lAdst] Sl 17 229 #Zo]
T-AHAL Abole] 17§9] BridgeE zt= FEfO I AA 725 HESHAT. Bridgeo
F7= Immeo]th

0.10598 Min

9 2.1.13 Bridge 17 229 F+x34 A3} (@6000rpm)

440
385.26

440
max4kt

(

= &)

T -
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AA WMAE vERAL A FEEAs Ay A b sl 114® 7]EA?) 1590 oA
3

o]
24 Abel 9] Bridge - Stress7tF wi§- AlsHAl YERRLY] w ol

74 Txe) AWl B,

kA 1R 249 o] JTAA Alole] 2709 BridgeEs Ztv dEO 3 dA FxE A
E3A =913 Bridge®l 7% Ilmm=Z 38kt

440 440

=1.62 =Qhd &

003~ 102 (G &)
A HA FERAAS st Ay 19 259 o] bz &0l 1622 7|+=X <2 15 o) FS
ST AR B AE7]Y A 2SS A= 2712 BridgeE = )
\ Az, AT EAAEN) A AAR A9
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a9 2116 A s1dE7] AAMS

g
Zzte] MG} Ba% EaY S| dvh) B GHe M= SAs] e uz
E 24 ANEAr @4 A9 o 9570 HASES 2400pmen AAe T &%

Z(Slot Width)< 7.6mm, % *(Web Width)2 43mm, #g]¢] Z}=(Barrier Angle):

13deg® AAA . w3 A AdS S 3ETH 7] ZH=(Magnet Angle),
g A 9] 9% (Magnet X-Position, Magnet Y-Position)oll thate] a4& 33 ch
(1) Magnet Angle ¥ 3}o] W& £33 EA
Magnet Angle W 3lo] W& E=1o] A7) W3l B3 229 W3le RS WA
oHsitt & AANMGT JEFS et AS gl
‘ JESE— —m=TsgieRipple ‘ ‘ —+—Torque 8 Torque Ripple

840 154 834

152 832
L so
148
146
144
142
o+ 140
138 e e S S e e
136 S 185
826 . . : 134 s14 : ! , 180

Torque [Nm]
Torque [Nm]

Torque Ripple [Nm]
Torque Ripple [Nm]

Magnet Angle [deg] Magnet Angle [deg]

Mag X-Pos=120[mm]
Mag Y-Pos=36.6[mm]

Mag X-Pos=122[mm]
Mag Y-Pos=38.6[mm]

‘ —4—Torque

—8-Torque Ripple ‘

Torque [Nm]
2
Torque Ripple [Nm]

Magnet Angle [deg]

Mag X-Pos=122[mm]
Mag Y-Pos=36.6[mm]
9 2.1.17 Magnet angle W3l w2 E354
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(2) Magnet X-Position ¥3le] m& B3 54

Magnet X-Position®] ko] ARTE EaE Z71stn Eag S giste 43S g9
g 5 Aok webd HAdgel 122mmE Aeshr,
| ——Torque -mTorque Ripple ‘ ‘ —4—Torque —#-Torque Ripple
834
832 - _
T 830 B g
= Z — 828 - z
g n%é 8;2 2
812 t - 0
120 121 122 120 121 122
Magnet X-Position [mm] Magnet X-Position [mm]
Mag Y-Pos=36.6[mm] Mag Y-Pos=38.6[mm]
Mag Angle=0[deg] Mag Angle=15[deg]
19 2.1.18 Magnet X_position H3}o] & EFTEA
(3) Magnet Y-Position ¥3}e]] & E3 54
Magnet Y-Position®] #to] A-AGFE ExE= 74, E3dE F718E S B2
kA g0 36.6mm=z Al 8t
‘ —+—Torque ~B-Torque Ripple ‘ —4—Torque ~fi-Torque Ripple
_ E_ :
: 2é 2
:
36.6 37‘A6 35.6
Magnet Y-Position [mm]
Mag X-Pos=120[mm] Mag X-Pos=122[mm]
Mag Angle=0[deg] Mag Angle=15[deg]
1% 2.1.19 Magnet Y_position ¥ 3lo] W& EAEA
AzHow AA W5 F ARAL 2 WrES 0o g go nAsy
Slot Width = 7.6mm, Web Width = 43mm,
Barrier Angle = 13deg, Magnet X-Position = 122mm,
Magnet Y-Position = 36.6mm
¢ WM$EELS uAHI Aol Magnet Angle W3lo] w2 Ea EAS g3 A
Magnet Angle 15degoll A H o] E= A 20degoll 4] EFEE H A7) He= EAS HY

W, A% R9e Eav} Aoy, EaeFe] mud e 15deg® A5
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=
)

%
1z
kY

4 4A =9
MPE BN FH Qe Fa AAME HA Aol2E /3 1Y 21.19% 2ol A
487 mag magst

B[tesl1al
. . BEED & +AEE
E714e+EEE
5429 e+BEE
4143 e+EE0
2857 e+0E0
1571 e+EEG
A2 56 e+00E
ARHE - HE1
7143e-001
. 4286 e-AE1
L 1429e-A51
6571 e-@E1
5714 e-@E1
. 2857 e-@@1
. DAEY ¢ +BPD

[ R A s e

a9 2120 HHEA ] ASUELEE (2400rpm, B=40deg)

/ __—

gy 2121 FAEA 24 AE&HE (2400rpm, =40deg)




1000

e e

800

L

Torque [Nm]

A0 == e

B0 o - mm e

R e e e

0

T T T T T T T T T T T
0 30 60 20 120 150 180 210 240 270 300 330 360

Rotate Angle [degE]
a9 2121 HAHAA B £33 93 (2400rpm, B=40deg)

1000

Electromagnetic Potential [ V]

-1000

Rotate Angle [degE]

9 2122 HAEAA 2l H71d9 39 (2400rpm, B=40deg)

500

Torque [Nm]|

100 == ]

0

0 30 60 90 120 150 180 210 240 270 300 330 360
Rotate Angle [degE]

a9 2123 HAAA Bde E= 93 (6000rpm, B=78deg)
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12 ne

B2 B

1200

L L W

600 -

300 -4

o 4

=300 1

Electromagnetic Potential [V]

soo AL

-1200

Rotate Angle [degE]

a9 2124 HAAA 2] 9718 99 (6000rpm, B=78deg)

1100
900 -\ A\ b LA L L
E 700 -
z
Y 600 e e — 7|24 22
=
£ S00 f ——%|HEH B2 |
E
00 |
)
R
0

0 30 60 20 1200 150 180 210 240 270 300 330 360

Rotate Angle [degE]

a9 2125 712AA 2y HAMAA 2del 3 33 vl W (2400rpm, B=40deg)

600

Torque [Nm|]

e —sj2aA A |
—A5gH 2
0

T T T T T T T T T T T
0 30 60 %0 120 150 180 210 240 270 300 330 360

Rotate Angle [degE]

19 2126 712AA Ry HAAA 2del E4 38 Hlnl (6000rpm, B=78deg)

1’

AV

i
=

ST

(o

i

[ o—

)

2o
=3
=33

fFreta sy A7 19 2149 Zo] 2400rpmell 4 853.1Nme] E A7k

=
o},

Azkel 835.6Nm thH] 2171 2.09%7F HozZHA 10% ©|Wel x4

_23_



Ol

3. IPM A&7 nx3 Azl A AT

IAdxe AAgk IPM As7] HAH AAE FalA 27 < HAAZAA 2d A5
(2400rpm, B=40deg) >¢} & RdS dow, AA Az Bdors dE7]e F l =9]
el 28 < 12 ANAE A 2d LM E(2400rpm, B=40deg) >} o] 3| M At Af

974e golu FETE FrsHAh

< HAAA B 24 E(2400rpm, B=40deg) > < 12 A AE AF 2l 2454 = (2400rpm, B=40deg) >
a9 2127 FAHAEAA mAI 1ZA A Ee] AEAE

Rae 3o AFZE AN SF T FF Aol7k & B 9 A & F AR
of gl FaFe A FA F7] wol VAN 5EAALS A9 Atk 1A AlAE Al
Tdo mis EYE FIeLS HAAEH A, F3F A Xézﬂw—. 2,400rpmell A ¢] <71 =
gy H &% 6,000rpmol A9 G71AHS FE53 v FFT(Fast Fourier Transform) #4&
T3 v 19 o] nEky AR aHzEs ddd

900
00 =i s e e S e
700 |- JJ -

400 - = = .
B0 eI e e e e e S
200 -
100 |-

Induced Voltage [V]

Harmonic Order
Y 2128 97148 nzu A4 A aH(AA F=220A (peak))



1]

S

&t

A9 AT Hdgke] 220AY W 2,400rpm ©]

g]

|

7

75deg =

o
gdn—y

Ko, 6,000rpm A= AR/

op

o

)
o
T
o)

)l

FshAl €k 2 2

s el b FEHAE AL 9 g

N
No

i)

—_—

_*0’—|

=4

2400rpm,

S
=

&

gl
oF
il

~N

=K

B
i)

2 =
=T

solth. 19 < AYEA Ao] A

3 2

A

= 93 (2400rpm) >+

6000rpmel| A1 Al & ©]

2,400rpmell A
Al

]

A=
A&

g

s

=1
s

o
w
M
=
Ar
—_

o}

<

e 2

H 3y =
1__:11—-2

e
.

]
I
i

44/

=

ol

A= 6,000rpmel A

ke
|

(6000rpm) >

R

ol

[W/kg]

+ '[(thl'?] ax

2
max

:K;fQ

We + Wi,

w; =

14 A3} deoly

Feta s

s

2

mﬁw]

2
O,n

2
r.n +

" —l—B(in)dv}—i- Z

2

T,

i
el
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2 i 2
E E
2 z
E Y E
g | 4
’a [ T e mmeaEo cLEE e - =T} '5
4 b 30 60 N\50 120 150 180 210440 270 300 330 360 =
= I = # LY

g 4 | 5 i »
E‘ ! - S *

= __""__‘

= =

2 I 2 .

Ruotation Angle [degE] Rotation Angle [degE]

CoreLoss[W/m~3]

1.0800e «B26

i : 9, DOPDe+2B5
B = 4ﬂ&gg 8,000 605
' 7. 8000 +005

G, 0008 +E05
5. 0E00e+005
4, 00 e+005
| 3. 00D0e+205
2. 0008:+205
1. 8008+E05
8, 2000 +0a0

| — B - | | — B¢ ——Bb |
= | E )
£ £y
E | E RN A OO o T L R R
= R R R T
5 e ——— B o iy TRTR Y TR LTRGBS
= T‘ 076 VT VA TR T TRE Y SRR :-E|:| E YoUsd sa'izh Bovigh Bovaad Folid Botieo
= 2
o ; A
g
= =

Hotation Angle [degE] Rotation Angle [degE|

g% 2129 HHEA Ao] A HE X 2 4 B9 5% 99 (2400rpm)
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e == =

i B
F g
é £
g £
= =
: E
= =
= Rotation Angle [degE)] = Ratation Angle [degE]
CoreLoss[W/m~3]
ﬂ o i 1. 3080 +306
60 ﬂIP - 9, BPOPe-ES
ﬁ = ?Sﬁﬂg .0080+095
7. 0o0Be-0a5
o_fXI--":“'- | §.0008:+005
IiIO'i 5. 0B00e+225
. Doade -0A5
3. 0000 +0A5
2. 0008e+605
1. BE8Ge+245
O, BEdde +0O0
[ —Br — | [ — -—=B8 l
z =’
z z
E e e e e e et S o E
B 0 bcamrossoossososeonrmenasd g o
= 6% e 9 120 150 160 110 240 370 360 330 sm = 0 30 60 80 120 150 180 210 240 270 300 130 ;aiu
2 4l = o [
H §
= = |
) Rotation Asgle [degE] ) Rotatlon Angle [degE]
a9 2.1.30 kAR Aol Al HE EE R 7 F9E 25U E 98 (6000rpm)

° rlo

P
o
=2,
E

FHFEL Fukg Aol vlEska, 3| 2EHEAE e

?1 At A& T Wyt A AY HIMe g Oﬂ d o] 57}8}7%1 HE Ao
E3 Ao] Al HE By 9 7 2oy &% 919 (2400rpm) >9F < oF
]

B9 Aol wol WA=

7 2 HEol AA FTUeHA HW, AR A F
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Sof 54w
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s
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R

b}

af oF

mBA

uBr
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—DBr

Magnet Harmonics

L k=
= =

[

Fundameantal
o
o
§ i (PR

|

04
0

=]

L] Sypsuagy xngq apauiegy

.

210 240 270 300 330 360

-
o ———

20 150

(4
#

0 60

~

&

= o =
i

[LL] ppsuacy xmp g apasie gy

i%

i2

a

[
Harmoupic Order

o 48] A& = 3¢ (6,000rpm)

B

=4

Rotation Angle [degE]

B
T

=]

a9 2131 AR 83

mEH

Magnet Harmonics

mBr
Fundamental

- o -] - L =
=] = =] o

L] Sxpsura g xm g smaud gy

--- B0

Br

-

[LL] Aypsuaqq xnp g sppausegy

=]

Harmaonic Order

Rotation Angle [degE]
a9 21.32 AR A

3} (6,000rpm)

i
H)

0
i

2F

A% ¥t 183, 36

I 3AAA 2]

KN
O 1o
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B o] A
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= 7|2
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ot} 184

o] At} webA

ol e} Zo] 3] Aol A

=},

e o

W, S oA A
o)k

ol A e} =}

-
it

s A

[e)

u] ]
29 4R 79 ey

AAAS} B & 3
844

o

T

Eyl_
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E
N
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, = AT IPM A

ez 77F sl A

5

N

K
A

~
HO

3 oF

dd Tz A

ekl

®BH
50 1]
L JE]

Stator slot ripples
40

._u.l;.-l‘h.;J.u..:._....-....]__..__._._....._.J.__.

o

30
Harmonic Order
= 33 (6,000rpm)

uBr
EBr

1

=
=

10

Ea
=

30 40 50 60

Harmonic Order
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08
0

ol M el =

Ll fysuacy xmpyg spauitely Ll Ssuaq xnpg apauitugy

==
T

b 360

-==Bf
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=

21

---B6

Rotation Angle [degE]
Br

19 2.1.33 3 A=A}

——Br
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O 30 60 90 120 150 180 210 240 270 300 330 360
9

0 4
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Y 21.34 AR k& RE| A 2
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LL] Lapsuacy xnpq apaude gy

94 (6,000rpm)
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Iy 2135 ZW H7E AT AE71Y A=

L84

9 age Ay HAE ASBS Agel IPM % %71 ASARE e 294 uo)
21e]

NE AN AAE ABTOZA AASl S gl S o g
2 FA% 4 glvh

| m Prototype m Magnet Wedge Model

900
800
600

20 e
200

Induced Voltage [V]

Harmomc Order

9 2136 AAl BRI 2 A ] o) Y)Y Fubk 24 2 9H6,000rpm)

F 213 AA 2l 2 7] e 54 1 0(6,000rpm)

12k AlAF AA =Y 24 #H7) =g

THD [%] 49.09 46.62

Wi E3 [Nm] 428.16 436.17

E3 g% [Nm] 192.51 188.72

HE [kW] 7.11 7.21

=9 [kW] 269.02 274.05

528 (%] 96.34 96.37

HAE/EE (%] 2.64 2.63
DA &% Y& o nxI AES =ol7] A& A HAVE AT A5, 9rIdY
o] axat JEE oF 25% =R, HES 99 el o] oF 14% FUlskth oA 97
o g e] 7]ial Aol F7FsHA AAAR] €% A S7FL7] wholth ?Gﬂ;} H LS 9|3l A]
=9 div] ZEY vlES Alte Boked AlAl 2 oF 264%, A A7) EEE oF 2.63%9
=9 giv] HE HES Zdetes A4S glstdnt mebA, A H7] Bhe] Jrjde iz
datol AztElom, ojd we} AELE A AEHJATL B Ao E=3 HE A3 E9E

ola] &&o] 96.34%N A 96.37%= °F 0.03% W ATt



A2d 1x 2d 3t 7]

N

TEXHNET719 Hluw

1.IPM AE719 €89 = va (FFHa)

w2 7€ fredEriel 97N 71 7| IPMSM) H A A4A 2de] (L
32)% 71E Fr=dE7]ek IPMSM H A4 e A7 A4 3.1)E YA Aotk

oy Agst 29EE HaE 9ste] & 329 333 o] AErE olF= 4 TAHEE

STEANS vTH A AA S o] &kl sttt

#* 221 FT=d5719 IPMSMe] A 2

= =57 IPMSM
A 7% [mm] 520 435
2AZ WA [mm] 330 262
I/ EF F 48 54
&= [mm] 2 1

AHE T A (5x1.4)x2 (7x3.5)x1
L2 =4 & 18 10

A 238X 25 8xd

A 2 x STAR 2 x STAR
3 A2 74 [mm] 326 260
342 W7 [mm] 160 160
AZ4o] [mm] 270 220
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¥ 222 AT T AL
d

g5 v [keg/L] A=A (L] % [kel
A A T 8.93 8.22 73.45
TR A4 | 35PN230(S08) 7.60 26.60 202.16
3][A d4) | 35PN230(S08) 7.60 14.41 109.50
312 Fnt T 8.93 2.67 23.84
AFEZE SCM440 7.85 5.43 42.62
2 = — 57.33 451.57
¥ 223 IPMSMe] F= A4t
T A4 H]Z [kg/L] A=A [L] =% [kel
A A T2 8.93 6.34 56.60
IAA A | 35PN230(S08) 7.60 15.91 120.94
3 HA A4 | 35PN230(S08) 7.60 6.65 50.50
FTAA Nd-Fe—B 7.50 0.95 7.13
AFEZE SCM440 7.85 3.89 30.52
A - - 33.73 265.69
¥ 224 FEAE7e IPMSMe E8HE =
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3 A 55/ 24 v &
A 2A AIW 32454 2A 44 x 1.7
2749 Mica Tape 0.065t
1/2 OL 23
Winding Winding Pin Pin to Pin
rd N,
f\
2% | 508.5 _ g
Coil Winding 2 Reel, 5 Turn/Coil
Mica® 72 Hz}sAl 275 o2 53]
1= Hlolx F& olEZ A Adslar 674l AE 2ol X
vl g
Lead Cleaing A=At 30mm 2 A A
Coil Spreading A e Coil A, AR Ao
Forming Coil %, Coil Head 9], ZI %=
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A 55/ 24 y &
Insulation | Coil Taping - 44
Mica Tape 0.13t 1/2 OL 33]
o NS
NN A A
N 73
- FAE AART
PT(¥4=% Tape) 0.13t 1/2 OL 13]
- NS
B AN
= X
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RN #
- B E Taped @& g+= 2= A2 Tape
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)
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12
A

- 259, THOE HAHAZFA Ho}

A AWEES 2 Inserting 2 F1 e

- Coil Pitch @ @49 ALE
8 Slot (A (#1 ~ #9)

- Nomex#410 0.18t Z} 1#j
Slot Bottom, Middle, Upper
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Top Wedge 4]
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MN
)

Brazing

- Top Wedge : SGL (Silicone Glass

Laminate) A&

- 7} Coiloll
100MQ o]+

- 7} Coildl 3,200V, 18%F 24

Coil-Core 7+

- Surge Test (Coil-Coil %)
7zt fde] Fyo] S A

- PCuP3 ARE 2k

=41 ¢ 15,000

Vv

&

al

DC 1,000V (Coil-Core %}

- 44 M dEelM DC 11kV, 333t

q
A

=

- 4% 24 %

h s

!

o

[

T

(Coil - Core b
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24, 74 ol dng A4S agsteiof stk Az FHe] A ¥ RWHASE
7] o SRS AEE ¥ S glojof

duk Mg AEr|e = ARERE BE ATERE 8427 ZAKSDHIY) T
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- A (Rigidity) @ Foll 283t stz ot Ad w7l A3 sHAE et Ze
= 3th, w3 RWEES WE & AP or HEY RHEZS W
© HF2 HEH 7oz A
& (Vibration) : 59 ZFZsol] W2 YIS EAA FH3] Hold S 4
St A A5k oF fihjr.

T= 974,000 * kW

= 85,225 [kgf » mm]

/1T . ] 16%85,22
6 6852 0 = 60.1 mm

(3) =9 A4

B \ ] 210
d= 130 A =130 5100 = 70.7 [mm]
Wb 24 2 29 7 70.7mm °)EE S ZoA 75mmE A= st
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Rotation Angle [degE]

1Y 3320 sk 9718 Ak

Vertical * Tim 8 Trgger

Measure Plms(CH) P2:freq(C1) Pa:pkpk(C1l Pd:ampl(C1) P5:rms(C2} P6:pkokiC2) PT:ms(C3) PB:pkpk(C3)
value 60V £9.7495278 Hz 143 kV 1426 kY EN 143KV 358V 143KV
" £ v i v v

TELEDYNE LECROY 41212014 1:10:38A0
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CElA I AlE el oA el
- IPM A &7] 53t 97144 14 7k @ 357[Vrmsl]
- IPM A&7] F53s 971414 A1g g ¢ 360[Vrms]
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S AAARE AHF AW A3 2L 10% old Wl THE] R &)
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- 2akE s AAEAAEE => 06%
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O 40 20 120 160 200 240 280 320 360

Rotation Angle [degE]

a9 3323 A A IPM A 57 E= 93 (2400rpm, B=40deg)
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Sa=S Al BAE S
#* 338 A Al IPM d&E7] &&

7 2 A4 @ g )
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T B4 861 Nm

&A1 0.039 Q
A+ 220 Apeak
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FTAA ek FE 0.2 kW
T =9 216 kW
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A 7w ggor 3 X1 w9 HAES 33%A 58%7HA] FsA AT
HYS st 49 HS Fo7] f8 AREEE ST vy Fx= ”74]5]
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B
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ojn
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-Radial : Free
-Axial : Fixed
-Tangential : Fixed
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O 417 HAEAA 2ol FES 97| Ad9E 93] (2400rpm)
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B7 L4 e+BEE
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. 2857 e+BEE
L 15371e+B08
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. BEREE -Ba1
L 7l43e-Bal
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o7 1l4e-Bal
. 2857 e-Ba1
. BEERE e +BEAE

[ N N R R R S e e

% 418 HAAAA RaY ALY =R FELE (2400rpm, B=40deg)

a9 419 HAAA B AEHHAE (2400rpm, B=40deg)

Torque U4 SuPCOITEZuade) &

o N\ﬁ\/\/»\/l\/\/»\ﬁ\/\/»\ﬂ\/\/»wg S e o |

T
0.00 250 sdo 750 <0l 1250 PR 17's0
Tiene st

Max Value : 851.44[Nm]
pk2pk : 97.01[Nm]
a9 4110 HAAA wde] ¥4 33 (2400rpm, B=40deg)
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Max Value : 757.22[V]

a9 4111 HAHAA B 971d™ 338 (2400rpm, B=40deg)
A71d8 ATAE oty il DC ¥EL 1500VE vt

7]

DC_Link = 1500[V]

SVPWM= @':. 866

V3

Controlof safety factor10% = 779[ V]
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XY Piot 1

Aol TI9V oo #hs THAW AAE

et

L L
ke h o
Frale
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a9 4112 HAAA B 9rjd™ axz3E4] (2400rpm, B=40deg)

a9 4113 HHAEAA e AS-EZEE (6000rpm, B=76deg)
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obo 1.bo 240 3.b0 abo sbha s.bo 7.00
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Max Value : 418.03[Nm
pk2pk : 190.98[Nm]
a9 4115 FAHAA 2de B3 33 (6000rpm, B=76deg)

InducedVotags 14 Goanm peti 4

v

s " A" £ Io = oo

Max Value : 1080.9[V]
a9 4116 HAAEA B 971d=™ 133 (6000rpm, B=76deg)
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