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ABSTRACT

The purpose of this study is to improve the continuous operation ability of induction
motor for electric vehicle. To achieve this, we tried reducing heat sources and increasing
heat dissipation at the same time. To reduce heat sources without changing most of the
geometry of the motor, the magnetic circuit was optimized to increase efficiency. We
adjusted the parameters of winding pitch, stator and rotor slot shapes sequentially and
find out the combination of parameter values with the highest efficiency as a magnetic
circuit optimization solution. To increase the heat dissipation, we used a lumped-circuit
thermal model software to create a heat transfer model of the motor to investigate the
strategies to improve motor cooling. One the one hand, we improved the design for the
flow fields of cooling water to figure out the water channel form with better cooling ability.
On the other hand, we designed a new cooling path for internal air that can directly
transfer heat from air to the water jacket. Finally, we integrated the design with the
optimized magnetic circuit and motor cooling and analyzed efficiency in consideration of
temperature-dependent resistance. We obtained the temperature rise and the average
efficiency of the motor operating for 30 minutes continuously. Thus, we found out the
maximal power with which the motor can operate continuously for 30 minutes. To
conclude, the continuous operation ability of the improved motor design was indeed

promoted.

Keyword: induction motor, electric vehicle, magnetic circuit, cooling, electric

vehicle, motor design
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Pout
Pout+PCu1+PCu2+Ph+Pe+Pm+Pw+Pstray

= x 100% (29)

oo RN A 4 B AT G AT R e

- 43R5 50Hz & 60Hz < /n 7 o &5 E fp LA A v B4R
2-12> e B 5 B FRAAFAEE DL PEF LB G R
Bt dow &5 i & 12000rpm § ik P ¢ 400Hz 0 5 0 gt EEABIET vt B & 3
fo Aok AT AERR R T 0 PIAFIE A B § 5 e

Copper (1?R) Stator loss
loss 58% Rotor loss

Total losses

—
—

Stray losses
15%

Bearing, grease, loading spring

Surface loss due to current
Harmonics

B 2-12 & A

Leakage flux

Eddy current loss 2

(‘Tore glggp) y , S

088 127 Hysteresis loss =

g

e rnal fan wini >

Friction and EX dage ,_°1
windage loss Internal fan windage

14%

BB A4 0 b2

0 120

R

Friction and windage  Tasghorem iv s 2y o G

Load (%)

g2 B[]
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HPRZTHERZHETRPFDTIL > Rygoc v 20CPFFenT 12
— LB PR A 200PF 2 T L 1.72x10°%Qm > TR A A s

3.93x10°°C"» 4 HiE A K 2000 2 5] 75CPFF I s 4e 22% > + 2 3] 165°C B H 4

57% o
2212 R
B AL A BEF R R GEROHE S R g 5 8L

BEY A2 ABE BREREG M EEN R ER S TG G
T E BRI R Aok 2-10 MR R HEA LGS P AL ER TR LT
E2F A RN o FRFPERERIENHFFRRIF FIRFAFRS £
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% 2-1 TEC 60085 118 % 4 + L 7 4 £ % [9]

Permitted design Permitted average
temperature rise winding temperature
[K], when the determined by
Previous Hot spot ambient temperature resistance
Thermal class designation allowance [*C] is 40 [*C] measurement [*C]
90 Y 90
105 A 105 60
120 E 120 75
130 B 130 80 120
155 F 155 100 140
180 H 180 125 165
200 200
220 220
250 250
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(2) Rotational flux
(1) Flux distribution ‘ (3) Stress/ strain

(7) Temperature
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H. Kanzaki, K. Sato, and M. Kumagai, “A Study of an Estimation Method for
Predicting the Equivalent Thermal Conductivity of an Electric Coil,” Trans.
JSME, 56 (526), 1990, 1753-1758.
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TR T F SRR B i f‘ﬂrﬁ—ﬁ{/%@’ Fla B F il o A
PR MR AR AR ETR AR EAFEFE R PHRTIET AZ
RO P R Y ERR PR RO TR AT RE SR 2 RK
B W g Ak R MA R T B o AR e B R MBI B
Bk B g ¢ AR o gl G R AIVEY § P M IR

é&‘"fr’ﬁ'v iéﬁ'ﬁtl%‘l‘i °

B 3-28 BRI %
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s 8 & 3 4000rpm o 8000rpm T iy > Ik e F SpAid A AT (] 3-29)
B EIEAET 9 4000rpm PERAIL R G S~ TIRA{ 4o SRR FT RS SR
S RS R ot A AT SRR E S ]
FARE AR (24) S L R RS AT RS R R R
AREITIARF TN AN EHET ERERR R RA R AR TR
d QST EHEE TN BRSO 0 A RS R B BAEET A F
§ FIT g e H e REFRARL B A LR

B [teslal

2. BBADE +BEE
l 1., GOBDE+BED
1., GEECDE+BE0

1. +BE0E+DB0

1. 2BAGDE +BHEGE

1. BEAGDE +BHEGE

5. DEEDE-DEL

5. BEEDE-DEL

4. BBABE-BA1

2, B0EDE-DE 1

B, BOBDE +DEE

(a) 4000rpm

215A

B [tesla]

2. BEE0E +0E0
l 1. GAADE +BAA
1. GAADE +BAA

1. +tOBDE+DEE

1. 2B@DE+DB0

1. BBADE+DEO

8. BEADE-BE1

6. BEADE-BE1

4, BEECE-BEL

2. DEa0E-BBL1

B, DEADE +B2H0

(b) 8000rpm

R3-298EhiBd HRAT
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B % %R 1 8000rpm - FIR R S I U0 R i o A £ & Al R i
Toms b Ak €0 4000rpm PEA R A BB RES TS 0 4 B A
AR s A £ 0 (LA B 3-30(b) t T&,—EL;}F] 5 NIEZ S SR s B £ H 4 » o
B B IS NS B A BERA TN TR AN e F e
Mo PR ETEEL FEKRR AT T

9 B 3-29(b)7 45 3 8000rpm T AL AR § DI ZRAERA T 16T 11 F e
B o d P hed B AF B T aokS o T UG I 0 @ AT S

o KRR R B TE Y LR RR G A L AR RE T RE AR S

A [Wbh/m] A [Wh/m]
2.83€-002 || 4. B4E-003
SipE-08e 2.31E-003
2,11€-002 Ly a7c:cos

— 1,756-002 s
1.39€-002 -4, 66E-003
1,03E-002 Py
6. 68E-003 | | -9. 30E-003 -
3.08E-003 L3 456-005
-5. 20E-004 —1. voe-oez |11
-4.12€-003 _1.63E-002 ‘
-7.726-003 Ly BEions
-1.13E-002 -2.09e-002 ||l
-1, 49E-002 -2.326-002 | |/l]|
-1.856-002||= -2.56€-002 |1/
-2, 21€-002 -2.79e-002 ||/
-2.57€-002 ||~ -3.02¢-002 ||l /|

(a) 4000rpm

4 Din/al w A [Wb/n] =
| == 215A 2. 66€-002
9. 47€-003 3 ioe s
6. 94€-003 e

W . oc-ca3 |} S 1. 8se-002
1.87€-003 oo
-6. 69E-004  ttio0s
pRomee 1.10E-002
-5, 74E-003 S iEces
o 5. 84£-003 |||
-1.08€-002 || o 2ve-o03 |
o | 4 6. use-o0v |[ [}
-1.sse-002 | [ -1.956-003 |||
-1.84€-002 ||\ -4.54€-003 [\
-2.09E-092 -7.14€-003 [ ||\
-2. 35€-002 -9, 74€-003 || ||\

-2. 60E-002 -1.23E-002

(b) 8000rpm
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Pl fe RS 4 Kb - PR G AT § HERT L mnggmig%;mﬁ
L s o AT ] 0§ RS RS e § % 6 S PR 4B 513 ] 3-29(0)
Hp A A 16T ke SApd * > R I B oo Y sz;-Jééfrﬁ%a-

Bt B REEBRAD DBl B E I K R R

& FHES S § e P e o

H [A/m]

H [A/m]

1.00E+006
4. B4E+0aS
2.1SE+0@5
1.00E+025
4. BYE+00Y4
2.1SE+00Y4 =
1.00E+004
4. B4E+003
2.15E+003
1.00E+003
4, BYE+002
2.15E+002
1.00E+002

1.00E+006
4. B4E+BBS
2.15E+085
1.00E+085

4. B4E+BBY
2. 15E+004
1.00E+B04
4. B4E+003
2.15E+003
1.00E+003
4. B4E+002
2.15E+@02
1.00E+002

(a) 4000rpm

H [A/m]

H [A/m]

215A

1.00E+206
4. B4E+00S
2.15E+005
1.00E+005
4. B4E+00Y
2.15E+004
1.00E+00Y4
4. B4E+003
2.15E+003
1.00E+003
4. B4E+002
2.15E+002
1.00E+002

1.00E+006
4. B4E+BDS
2. 15E+085
1.00E+005

4. BHE+00Y4
2. 1SE+004
1.00E+204
4. B4E+0D3
2.15E+003
1.00E+003
4. B4E+002
2.15E+002
1.00E+002

(b) 8000rpm

B 3-31 82 RhANBEIREALT
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FUREIESR Y KRB F e Bt e
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AIBERE LSRR RFEEIF > SR RRORE S 2L A
Vi eng o H R & R AR P bR kR MR T A B I Y RN
AL ECENE MR N e g S ) .
331 BMFIEVR

BERA EERE L E A G BT A LR B FOik
%Hﬂgiﬁiﬁﬁﬁﬁﬁﬁ’gi%iﬁ*%ﬂ?%ﬁﬁ?mﬁ’ﬁﬁﬁ%?%
T RS T R AR AR Y o TR A R 7 e
T ¥ j AR D I 3 B e Tt b B AR

AT I SR G e G 0 E N T RS My B ha el o

SEEL & B PR - R R R e g < R R AR

1 ke sopi il 48 B A T B el B> & T B AT GG 2k 0 A BB T
#K, 84 & G FlieK 2 & 5 T K, o

Ky = Kq - Kp (3-1)

A FlcE F AP ARBTR T R e R e B E ot B0 Ak - pdEE
P BRUE BREIME > THEAGAZEY LR RN THR I N AE R
WA R FHY 0 Fla AL A S T fEEadiip i L o A FERK
E, 2 sin (%) sin (n;a)
m'E_stin(%)_msin(%)

e S EZEPERTHER L ELE- RBEITHF > » £ B 40F 3-32 -

Kd=

(3-2)

Bl 3-32 b g B v & B
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SEETHK, S BE RS SRR PR B bR B R L B
B & IB0 R T F ERIALE 2 EIESEE PEEEEFK EL 10§ S 2 &

BBl PR G RS IESEE > BREETIEE F £ 5B Bl & IEFKK,

K, = sin (E) (3-3)

2

1.00
5 0.95 —
S
=]
5 0.90 //
2 /
Soss
20.80

0.75

7 8 9  pitch 10 11 12

Bl 3-33 = 4pw & 48 14 4 1 467 b & B2 ¥l Flik

PO GEnERRE Y RATEE AR AL PR MR TS =
g g iy BRb gk B3 F WA JERIMAAL T EE S
BAGARE TR R R P R A - U Bl A R Bl T -
T Tt o Jd PibaE e Bgiid P o kot B L L Sk K B
MEFAEF R LD TFRBEAL GO BEL R R IR B )
FIEIR S AR oo g L] BRI g RAF IR PEL - §
KA A BT TEEI RO T Bkt M0 s T BEERE M

deh s B E R B IR R AR O B S 0 T AR R IR AR R R T
FEAFAE FIA R R 2 BEIR RSB b A R R )

i AR 5 4 ﬁ L RS TIRM R R KR E e

®
i
1%
=H
E \»
~,»\

Ak deR] 3-34 0 FlEAERE T 2 0 3 B S EET digE
HRLRBIRZ 5 P RAE PRy IR0 WA R LT L > B
HERANEFEL 80 B Y B kg > FEE) BB RN T HAERE > SRS T
YA e T R g AR > (e SRR 4o B 10 pEICT R q‘é«ﬂ:ﬁkti FlkgiE £ =

PR 40 FE 1 o
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B ORERE 3-35 e i S M G ABR ok ARk o HiE] AR D
TR F 0 M E T HIE10F ek o AR RF  HEEL 89510

P ot gk el E SR HIED 8 FRRATEY R

<l
A
Sk
A
L3
i

B EESEL I0OR AL ATH SR TR RiEnF o

Bofs - ER SIS 10 BP0 F B > F] L R R S
{Hemag > - 50 §mB 7% AfF € F PP RE o R MR B o
Lo BHINFRLENNERAPEZLEL I B i °

0.385
0.38
< —«—PITCH7
£0.375
z —+—PITCHS
s 0% — e PITCHO
=
$0:365 -—+--PITCH 10
=
E 036 = PITCH11
— = ~PITCH12
0.355 -
/
0.35 T v .
100 200 300 400 500
Current(A)
Bl 3-34 7 Fr & jEendd e 7R A %
|
96.0 :\'3_\ =
955 ~=
95.0 ——PITCH7
£ 945 —+—PITCHS
£ 940 = PITCH9
935 --+--PITCH 10
93.0 s PITCH 11
925 — « ~PITCH12
92.0
30 50 70 90 110 130 150
Power(kW)

Bl 3-35 7 fo G pEcdmei B s XM 4
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332 &I HAER

TR ARSI A 0 @ HEEC $ 5 10 h B B AR 0 T3
BoRdE A8 0 P h T R AR el R lcE AR L m b T
HiF R AR RE B fdi TR B SEET G o AT g
1 i¥8k 5 4000rpm T 225N 4= 90Nm ~ 8000rpm & 180Nm fr 72Nm > = # 1 (¥ ghA
LR B MR T2 A # FED > eiE 4 8000rpm R FlE S GH B D @
80~100km/h > 5 B i# 22 & i# > 4000rpm PI$H ™ ® 2 & i > 3 # F &1 5 ferd
Z 4eid AR 0 M PRI RE (TR T e 4§ o

d 237 F 2 BB TSI LS R RPEL B F R EcE > BT

- B R R e 0 f BT R 1S Bois B0t Rk T 85T U R3S & 4000

SFAE R ) 0 3 L Ao B S & KR SRR 22 e R
BEGHERT > LAY ek o Ft EERE A TR S N
A e BERAEZ F R F 5 56% 0 BT F AR B F R A
BTG F ey FE'P,Tfui e e ﬁ""%fj-‘u;ﬁ“"" iR T i Wad B
B g F R ST AR AR 4

BAB R AR £ > £ 0.254mm T i 1.524mm 0 H4e 5 B0 Aot iR iTih R
FIEF 2 Rl 3-15 e 3RS R P > T g T A R L REAR SR K
TRAEERDERT L § AR B E > PR TS 1.524mm R

BT L S AR & i s bR o

BEFAFL T 5 ERAHTF SRS 4428mm A 54 Fee S 3.7 3| 4.9mm
rn gl A B PR IR S R S N ARG A BT

BREMSMA {23 EREfo AR RFRIBEETEIRBBRR S TN
AR RSP OIE PR OFREE RS TILERS > - W - B

e A s g chg it o
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& % 4o @] 3-36 0 8000rpm PF 2§ g T 40 @ T 'F > 4000rpm B L3 L

et T eniE R gl o e A 4000rpm PERAE B R 48 fren B BRI AR SRS 0 L
B 3-37 7 g Bl T F &K 4mm F& ISR R AR ED] 17T > 49mm PR R &
F| 15T > # 4% % 35H250 ) fe 1.5T B 4pie » 2L R T & > PO Gpeil % AR
¢14000rpm PFe Bl € % & gt TR S > 243 1| 49mm B E F 4 il

FBg 0 R RGR S A R A § o Tk R - a2 Fp

B B L B IES 40mm D AT e & E .

97

9 E —e—38000rpm,
;\3 95 :
SS9 L —w——————y " 000Pm
§ 93 + 90Nm
é 92 ——8000rpm,
(NN} -

91 180Nm

90 —+—4000rpm,

89 225Nm

88 {

3.7 4 4.3 4.6 49
EFEE(mm)

B 3-36 T & BT

B [tesla]

2. AABAE +BAE
1. BAGAE +BAG
1. GAGAE +BAG
1. 4ABAE +EAE
1. 208AE +BAG
1. AAGAE +EAE

&, ARBAE-BA1

(a) =+ % %  4mm (b) T+ #% % 4.9mm

6. BEERE-Bal

4. AAEAE-BA1

2. AABAE-BA1

@, BEEgE +aeE

Bl 3-37 %% % B $HEE B 28(4000rpm, 90Nm)
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£ RAERFE > R4 5 2032mm o 19 F| 23mm & 7 R 0 Bk 4o
B 3-38 > % 8000rpm P¥if i3 4c § i¢ 2 LM ik § £ %% % > 4000mpm B3R 2
LT AT AR A R e R R R RS R R TG fe e i
ET R EOT G H e R E R R R R R AR E S
HgH 4e 0 B 3-39 F 00 PR E R 23mm NS RN Bl R E T 2T %

it = B 19.5mm PFR] % FR4 & 1.9T 12T - 8000rpm »x 3 % it | ch i F]E_F] 5

=i

98
—e—38000rpm,
%6 72Nm
)
°\; 94 ~#-4000rpm,
£ 92 90Nm
£ 90 * 3000
5 g ﬁ\i\.\l\L ~ P
: 180Nm
88 A
e O ~ 4000
86 - — rpm,
: : 225Nm
84
19 20 21 22 23
EFEE(mm)

Bl 3-38 3 H ek P

B [teslal

2. DEBDE +2a0
l 1. GEEDE +@a6
1. GOBEE +BEE
1. 4EEEE +BaE

1., 208EE +BEE

1. BEBAE +AAE

8. BEBAE @A 1

5. DEBBE-Ba1

4. BEBEE-Ba1

2. DEBaE-8a1

(a) =+ 19.5mm (b) =T F H# /% : 23mm

8. BEEEE +@8E

Bl 3-39 =F 4 iE R B 8 $(4000rpm, 225N m)
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LR TSt R S LIRS S
ARG RBREAAT F A BT R B > T e R e AR R L AT
PATItR e i EE ee RI FRES IR B0 B il b
% 0 B F SIS R R R A4

o gl Rk 5 20.32mm 0t E o 4 17 F 5 10 B 20mm 2 2 0§
3-40 BE R 47 1 ERET S ARAEH A 4 @ 4 0 £ F 8000rpm, 180Nm P o T g it
ﬁ+’?H%éﬁ?ﬁﬂﬁiﬁwémg%*ﬁﬁ’Eﬁﬁﬁ‘ﬁ%$@$%’ﬂ
BRI SR AR FO RS S AR L B RERKLER S B G
{ $RmAdsd o 4ol 3-41 ¢ g4 5> 20mm F v 10mm { % s 4 Al S

AL 20 R IR B T I i I 4 2 L R

3

BB R R i AR T A - Bl ARkl iR 2

AR AR LR EROHREE KRR
% %
. —— o » —9® _e-2000rpm,
: 72Nm
® 94
9 4000rpm,
> 93
: 90Nm
2 92
:E 2 ——8000rpm,
180Nm
90
4000rpm,
89 £
: 225Nm
88 |
10 12 14 16 18 20
B F1EFE(mm)

B 3-40 # =+ 7 5
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A [Whim]

2, 3BE-B82

1. 84E-@E82
1. 5BE-RE2
1. 29E-882
1.01E-8682
7. 3BE-BE3
4. EBE-RE3
1. 84E-8E83
-49. ZAE-DAY
-3. GBE-D@3
-6, Y4E-BE3
-9, 28E-B@3
-1. 28E-D@2
-1. 47E-B@Z
-1, 75E-BE2
-2, B2E-B@2
-2, 38E-DA2

(a) &+ /% 10mm (b) # -+ /% : 20mm

B 3-41 3 3 H, F 42 5 45(8000rpm, 180Nm)

EAAFRI R T S TR 40T Rokend T35 3.12mm o R
# %% 2.48 | 3.28mm ced it > B 3-42 B 8000rpm PF e K SE R e
%15 4000rpm PFRIA R F L KMo B2 wm BB LSO FHRAY R
TR A foen T 7o 4o B 3-43 0 F 045 1% ET] 2.78mm pE 38 Rl A ©
£ LIT 2 > & F 3.02mm BRI A 16T =+ @ @ o Flptdek # T 5
2.78mm 12 F o gk focnfs B B T I 0 F]p Bt E 4% 4000rpm, 225Nm P A

BB 2. 78mm # 3 % B G HES HAe LanE s Rt o

97
9 + —e—8000rpm,
E.__. & L *—& s 4 ——9 72Nm
9 95 +
9\; 94 - ~m-4000rpm,
+ == = = — —
= [ ™ 90Nm
S 93
& : ——38000rpm,
w92 1 180N
s m
91 :‘ _"—'—-Q:_..__m._____’____
9 g I ——— ~+—4000rpm,
= L 225Nm
89 —+
245 2.65 2.85 3.05 3.25
BFEE(mm)

B 3-42 & 5 & T R
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B [teslal

2. BRAEE +RAE
l 1. BAAEE +RAE
1. BABEE +AEE

1. YARHE +AEE
1. 2AAEE +RAE
1, BBEEE +DeE
8. HBAEE-BA1
6. QER0E-G81
4. PEEEE-Be1

2. P0ggE-Be1

8. DRBEE+2RE ||

(a) #+ % % : 2.78mm (b) # 3+ % @ 3.12mm

B 3-43 # 5 & TR 2(4000rpm, 225Nm)

334 @ pEVR
BB R AL S N TR R R B N LR e g TR e

Tl LR TR M R 3-43 ¥ U PR gl % & & F o 4000rpm,

34

225Nm pF > gl &+ £ 3 E 3 12T =+ » B3 15T 2 a2t % & §F
BT IR E RN R S R G e B B A TS RS
BWibem M RePFE*FRIFFT U R Do 3-44 3 b 3L do bk ipiRenid

Batac @ BEERFEOIFA L W FPP R FREE TS kg ¢ 4% o T

P AT g N R34 3] 40 T 75mm e S g o
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W 3-45 ¢ ¥ 00 RN LI S 31 50mm B 4000rpm v e B 477 # > 8000mpm
AU 60mm - B 4s™ % > d gt R8T A K R IV BRF AL P A JE 50mm 2
Roo[F) 3-46 ¢ AT L S0mm PEHE S BRRenpad %A A 1.1 T > 60mm B 4e ) 1.5T-
Bhsd Flarfro sk B e A5 BT N Eared b L d d AR kR

B GHEPBARTERL AR -

98
——3000rpm,
96 72Nm
Q
°\; 94 - - —I—4000rp m,
s 92
£ — o —s—s . oo | —+8000rpm,
90 44— 180Nm
88 | — —+—4000rpm,
- ‘\n 225Nm
86
40 45 50 55 60 65

EFAE(mMm)

] 3-45 5 P § R B

B [teslal

2. BARRE +B08

1. SOEEE+BO0

1. GREEE+BER
1. YAREE+B0R

1. ZEBEE-+EEE | |

1. BREEE +BER
&. DARAE-BR1
B, BREEE-BE1

Y. BARERE-BA1

2. DAEE-BE1

B BRI E + B

(a) #+ pj2 ¢ 50mm (b) #-+ pZ  60mm

Bl 3-46 4+ p i< ¥ R R 25(8000rpm, 180Nm)
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REUES e R0 KT 7 B 5B PR B A R K K

7 % > 8000rpm ~ 179Nm

BEAZAET LR l'&ﬁ—z‘ﬁ'frl'ﬁ_ # B EAEIRA “;:L,“”ﬁ RN e N
BAE BRI R T A e UREHR b AL (R ek > 7]
Pt- ERRT R R R T A SR

97

05 o] [+033%] ol |+0.10%|

95 [+0.50%] H
g 94 4o DEERE
= 93 | i
[

92 - H o1suh 1 ,
2. oo} DM R0
E 2l —{+150% ]| M
90 H | = = H i

89 + | o] | o m S E FHER %

88 -+ | I I » 1] Hol—{-005%]

87 - = =N mEEFiERE

6 | | inl~| 1N nl

a5 | [

4000rpm, 4000rpm, 8000rpm, 8000rpm, 12000rpm, 12000rpm,

9ONm  225Nm  72Nm  179Nm  38Nm  95Nm
B 3-47 B L {8 2 pa gL
el # TR i N
\l || ‘I 4.428 & 5 4 | |
| ‘|‘ |“ | 20193 |2 * 4 REE(ERE) | 195 \
N 0.254 T3 AN L 1.524 b
P L 3.12 %45 2.78 L
@l 3-48 SRR S
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Fyr i OIS aicid

EABAA R TRAERY ¥ LEAFAE R L ASR Y

Bt B BB R H R R ERELF TV - BRI 4
i 2R LS R R

ALY e o A BhA s B0 6 F B~ P INTRE T

PR e xRk 08 E RO AT IS ] RHEREY § IR AR

fe X TG E TR T R RSN E R E R AR ek £
MROUFR-BHAE S FZF e ok BB S %T#’WFFFK%E\'J L~
',% éﬁ‘—’fé.ﬁ‘:‘m SRS IAS () %—F%”’E@_ﬂ rrJ“‘L NV PR ;g}a o TF]pt 7]\’1\53 ¥

PHEER Y RBEEANGHEFRG o NERREF LS E LR ESNR L o
AEABLITEE A 8000rpm T A ot Feg A g O (TR R 30

AT A EAc Rl 4-30 AR A B RG0S Ry R EBBRER AR E

8000 —
- || ==——t=— RotorOhmic /

7000 1 —m— StatorOhmic //
6000 - —®— Stray

- || — ® =1Iron // o
. 5000 .
2 - || — % - Frictional /
@ 4000 + / »
3000 £

: //r L
2000 + d

cemappEEe Uk Tk

Los:

1000

0 20 40 60 80 100 120 140
Power [kW]

Bl 4-1 @ L5473 % 2 80()Orpm'f$§]ﬂ:;r4 FAEF A EM R
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4.1 8§ E# G2 2
Ay hEFEERASBMBEAE: > & * 2 1 5 5 Motor-CAD #c48 - #-
= ERERE S SIEC N E A S U AL 2 LE SRR L S5 Sta Sl
A kT BSR4 o Bl LR AR T e 5 o
Motor-CAD A_P # S AR L1 * chf 8 RS2 47 50l 5 % S wal
G R LR S R S R IR B S VRt

ST A R S IR R T A AT LB R R B

B i %43 204 ¢ Motor-CAD & i ¢ < 047 2 3 324 RMxprt A4 > 2%
B~ kB85 AN 4 0 Motor-CAD 7 12 Rk s e ff B e R
ALIcR 42 PGP T2 BM 2B ERe FEKRAN Y RS
FOLEMEPRABE R RS EREF LS g BN TS B
TG R TS R B R A A RO~ 0 15 R 1R % R
BEZAREFEDHE VP TR DLERRINN o d BRI LEF] > 21
BFE RS RWREHRDAFRTGEY DEAR B REAAR ¢ G EGTF P

&8> e Motor-CAD ® Fav ks H -4l p#aF AKX E lmm o

Bl 4-2 5 i£ & ] Motor-CAD #t & & fe 7]
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B MR % NEMA 48 23AWG 7k & R RS T 5 0.574mm > & 3
G B o tHE L 0.6426mm S EEATFTHE AT AL HE LSRR
WL 47 EMAE . FPEH P G 188 BEAR - MEHFF 0.25mm Bl Ko L5
B E RER R A BB i o B 4-3 B2 m Motor-CAD -5 507 8 <

LP At S

B 4-3 5 i & 3] Motor-CAD 340 #-4)
BERTIEIAGLIFT hE Sk
1. 40 RTE ST H Z,I«@?J;\ Bl 4-1 ¢ cdf 4 i o
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