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ARTICLE INFO ABSTRACT

Article history:

Typical traction motors of electric vehicles utilize water jacket-based or

Rec?ived 12 May 2022 air-based cooling. Currently, lightweight traction motors are preferred to extend
Revised = 24 May 2022 the range of electric vehicles. As a result, direct cooling techniques have garnered
Accepted 31 May 2022 o ] ) . . .
significant attention from researchers. Direct coil-based cooling methods are of
two types: oil injection type and oil spraying type. Direct oil-based cooling
Keywords: ‘ methods exhibit high cooling capacities. In this study, we investigate the
é;;;lase fluid analysis transient increments in temperature in 160 KW traction motors. To this end, the
oil ed mot power losses of motors were estimated using JMAG software . Using two-phase
' COO? fnotor computational fluid dynamics (CFD) simulation over a duration of 18 s, the
EV traction motor transient increase in temperature was predicted . The CFD predictions agreed
well with the experimental observations, with an error less than 5%. We expect
that the conclusions of this study will contribute to the improvement of the
cooling performance of 160 KW traction motors.
1.ME of AHARI Jgrg 7] wiEo] 439 FHete 158 188 &
E]9] 7ol wie- Fosith &0l 1 A 7HHE IS
2A7IA HIE TS IS A AR AT ABEEA W 5 BZEE A fsiMe 2E Y W Ads5e w0l Ao
7125 A (electric vehicle, A7127h 4% Ud71 9 X2k oA WAAHoIT Bl Wk WAL BN, £, GUAOE
af Uzbar QI B8] u]at Teslarke] 343 H7IAHQ1 Model 4= Qlom 3843t Al RElo] ol 3714 8& 355t
S| =43t TP YT lAIN R7IARe] HiTie] MBS of WARHE WAlolm SYAlL TE U] 0US SIAA W
EASIITH. A 29 eHgA Aol A7 EAIE st Zske WAolch
T om], ZAFoIN SRR, 24Y A/ AAY Ble] 15O AR 15 welo] ubgoR Agd Wz YA 4
E] 502 A5 99 oA, 878 e gt uie 9 fJE AFl(water jacket) O, E‘ﬂ 517l W BRE
©) Alg A, TER NESE, LY HAT S A e el 9 S Alsl R WAl Fule] A, ot
o Tf% QAL ] WHFolTys, 1A 27130 F2 2531, 5] BMWSE 229 YAT 5ol
WA loiN FEREE VY 328 MY 712 FYAY % 2] WA 5 Re] £49 e 97 S A8l
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o} gy, A7 3435 BFE e FAE gl tigk
7F AXHA L 2ES] BRlEE Y]l BIEEE ST
7171 Slsf 712 el A FAlol| A = B2k A A
294g By Ui A YA Azt £ B9l ERee
A 2 gzt *% ol it A7t A&E L Qi E3]
TeslaZ} Model 3& SAISFHA L5 BElo] {1 WAle AEst
HA HEQ HISHS SHsheigly, AU & T A E
HE ARAREE 0|5 AEshs 5 #3 WAlol Mk AgEe &
Aol
TN AT BE 2E UR 2Ee 24 dei7t gl Fig. 1 3-D motor model for FEA
wEol] F2 HEdol AHA ez o BApt 7hsstu| o]z ¢
3 Th2 WHAlofl BIsiA W7 Aol 4ot f WAl ok w2 HIEEE V] A% AR FERE EA Al [t
Aol Zojg Bl 2dS dAd 59 THEY AF el AFHUES F017] 9J8l £ WA tiy] ZUo] AA|sh: HlE
At 0dE e YR ¥ FE e HolA Akl 3] Rl U HAES 45% oo E Al &2 B W
ol oJaf H]AtAI7E WAleR RS 4 gl B AoNE  SE JAS A HEY 54 A AR} 37IAe HAelA B
B0 gt oA HlAF W7 WAl A& A7 E BE] AYshe SAR HE =3 vie 7] wigel, olF A%sty] fls)
o] dg%5 NS FPoiTh A7IAE 160kWH FEREE A HE o] Ar|1dEe At d8ARY Foet =
AR, HAA f3t84 3A(finite element analysis, & A% ALY FrAA o] FrElE AR £3F F7ISH =
FEA)S B3 Htf B3 Al BE9] &4 ZhE AbEsto] o] @ olo] wt ebfl{ &Aool AXA Het, oIS Hasksty] 94l
% oMt Agooitt o|2RE RE|Q e 15 Al A FTAAE ol 240 FIsgitt
o] HUi2E=E oSshe 2 7 &Al &4 7ol tisl 71e
shoitth. w3k siA] A2 AY Aztet wlmstel 1A 7lHel B 2.2 WA £A A a4
BHe Azl W7e 2xle] WAL Fig 17 2on), 75 S48 BAsa
WA fTLL A4S S 2 AN A el B
2. TSZE MA F HAHA 54 &4 29 HEAE #o17] 913 1= A4 (end-winding)oll 2]
3R PR 2, A7 52 aEE 4 Qe 3AE sk
21 TEE A7 Hsig. 15 2Ele) A ARt bt HRA B4
el aA ol TEREL ZUEE 160 kWEO. O;r'LE] of 28 =& Hoi7h H= A0l 7P Ao ARet Ed vl
» 29 M F= Table 13} 7t} oju, 2 Azre. 371 TRl HiESY w AR st S A ot Ho, AR
182 Yoz zAED 1zmeo R o g H]o] nzy 8 o2 o] Aol SRS v oR A 215l 5
(specific power)o] 3.5 kWikg ol4o] FEZ Z8g 2ustely] e 9 UET 78 BEIY £ 54 Table 200 BT
98] 201 mE Ujto] 2# ZQlsh= 98 HAlS A -5t JE=REQ] &Aoo 7B 2 AL 357 Nme] HUE3E 7}
o] el 1Y 2 4L vlAE Qe M welo] o F oI, SSImE 4300 pmelt 160 kwe] HrEHS 7hd
3 Beolnl, &3 WYY BEle) AA WeE He) pgmy T Aol S2E ARl ST FEE 13,546 WE AR,
otk S AT A 4 YA AR, Yrpygso) ¢ A SUT AT oldE AAUT. e, 24 o8 A
7] Wol] AFUE G A A AT 4 Qonely,  HEASE PAAATE Ao] nE SRS SHAYIE Hel
Table 2 FEA results of motor losses
Table 1 Motor design requirements Copper loss 13,546 W
Max. power 160 kW Stator iron loss 413 W
Weight limit 45 kg Rotor iron loss 47 W
Cooling type Direct oil cooling Eddy current loss of Magnets SW
Protection marking P67 Friction loss of bearings 688 W
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Fig. 2 Initial oil volume fraction

Fig. 3 Mesh for CFD
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Table 3 Material property

Specific heat Thermal
Part name Material capacity conductivity
(/kg/K) (W/n/k)
Housing Aluminum 903 237
alloy
Coil Copper 385 401
Rotor, Stator, Steel 434 25.14
Bearing
slolz Bele] &3S wEel] I 28 Fi4EE Aeleith
$5 mhe  Floh 959 ARl dmet geiol FU
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(a) Oil distribution result

Temperature
Contour 2

110.163

l 106.506

102.849
r99.193
95.536

91.879
[ 88.222

I€]

84.565

80.908

77.251
73.594

(c) Stator core temperature distribution
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(b) Rotor temperature distribution
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Fig. 4 Transient CFD analysis result
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Fig. 6 Coil temperature rise data from experiment
130
120
110
)
© 100
=
s
g w
2
80

~
o

60
0

2

4 6 8 10

Time (sec)

12 14 16 18

Fig. 7 CFD temperature rise data vs. experiment data
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