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Study on the Shape of a 30 kW Fan Motor for Cooling the Hydrogen
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This paper studies ways to optimize the shape of a 30 kW fan motor for cooling in a hydrogen fuel cell thermal management system
and reduce permanent magnets. Commercial vehicles using hydrogen fuel cells are attracting attention to reduce greenhouse gas
emissions, but thermal management is important because the high heat generated during fuel cell operation negatively affects the
system performance and lifespan. Based on the existing fan motor, this study sought to maintain the same performance while reducing
the use of rare earth permanent magnets. The magnet thickness was reduced in half by optimizing the main design variables such as
the thickness of the permanent magnet, magnet guide, and air gap, and interpreted problems such as increased cogging torque and
reduced efficiency in this process. As a result, the reduced model maintained the same output even though the magnet size was
reduced by 51% compared to the existing model, and problems such as increased current and current density and decreased efficiency
were partially caused. In addition, stability in a high-temperature environment was confirmed through temperature and irreversible
demagnetization analysis confirming that it is structurally sufficiently safe.
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Fig. 2. (Color online) Design variable.

Table I. Design specifications.

Target Specification

s : 24
73 mm 265
q
il 4z7e]  mm 57
212 - S18-0.35t
e : 16
QA7 mm 179.4/-
) Mz7e]  mm 57
Airgap mm 0.9
1A - S$18-0.35t
o2 212 - N40UH
=8 J7 54

Ath Table 1S REY] AAAYS et 34 E=
150 Nmoll &%= 2,000 rpme] =3 30 kW #EEolo}, 3
FdS 7| mdE 53 GPARES 71AATE WEke 2
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Table II. Analysis results by permanent magnet thickness.

Target Specification

oA T [mm]

S )

4 R 6 55 5 45 4 35 3
A3} Q 0.034
R EE] Vrms_ph 125.1 123.9 122.4 120.4 117.9 114.8 110.7
FRES mNm 482 464 444 409 375 350 319
% kW 31.48 31.40 31.44 31.43 31.43 31.45 31.47
ApIQF Vrms_ph 146.4 146.6 147.1 147.8 148.8 150.5 153.4
7Pt Vpeak L2L 389.4 3924 396.6 4013 406.8 4173 4367
AR5 Arms 86.5 87.4 89 90.9 93.5 97.2 102.8
A Arms/mm? 11.41 11.53 11.74 11.99 12.34 12.82 13.56
e rpm 2,000
Ez Nm 150.4 150 150.2 150.1 150.1 150.2 150.3
B3 g= Nm 7.16 74 8.03 8.81 9.77 11.26 13.14
C N W 763.2 779.2 807.9 842.8 891.7 963.7 1078
Az W 897.6 899.4 905.1 913.5 925.8 946.5 979.2
s % 94.99 94.93 94.83 94.71 94.53 9427 93.86
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Fig. 3. (Color online) Main result graph by magnet thickness, (a) Cogging torque, torque ripple graph, (b) Load voltage, load current graph, (c)
Current density, efficiency graph.

AAE WK fekeAdlds gt EHe| JEEE A olee} 22 HhFAls wE
Fig. 2= AAloA M3 HFES Rl ot | I
A GFAY) FAE 1€ 6 mmolA 3 mm7EA] 0.5 mm © V=IR +Ld_t+ € (1

A= g7 AL i3 FAE HaAE o 3]

7 moje) FARSL b RRYE oM molgaz 5 @ kY @)
9 9ot 844t Adl= Table 119} 2t} Fig. 32 dfA%h Vo QEAY V] 1 QEAFAL R - 282 3O
s 3 3R} BEAE, RS Reig, AR L g2 AEEAH], ¢ ¢ 7RV,

ok BEG TR Mg gl ko718 A%, v AW, o : 313 S5 [rpm]



L ATE=7> Journal of the Korean Magnetics Society Vol. 35, No. 3, June 2025
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Table I11. Main analysis results for each magnet guide.
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Table 11> v}l 7lo]=5 w73 sijilEe] 8 Zijo|

ST =7 %] e e EE A7 w0
7ol = L] 2 g AR i 1= =
mm mNm Vrms Vpeak Arms Nm Arms/mm? %
1.1 319 110.7 436.7 102.8 13.14 13.56 93.86
1 108 111.8 431.5 101.8 12.78 13.43 93.92
0.9 457 112.8 429.2 100.9 12.58 13.31 94.01
0.8 863 113.9 426 100 12.33 13.19 94.08
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Fig. 4. (Color online) Graph of main results by magnet guide, (a) Cogging torque, torque ripple graph, (b) Load voltage, load current graph, (c)

Current density, efficiency graph.
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Table IV. Main analysis results by air gap.

N ED 7] 23} 23} == A5 ae
° == ik g AR = A= -
mm mNm Vrms Vpeak Arms Nm Arms/mm?> %
0.9 0.863 110.7 426 100 12.33 13.19 94.08
0.8 0.964 111.8 429.1 97.8 12.86 12.90 94.15
0.7 1.064 112.8 4333 952 13.22 12.56 9423
0.6 1.172 1139 440.7 93 13.8 12.27 94.30
0.5 1.298 129.5 448.4 90.7 14.54 11.97 94.35
—e—Cogging Torque —#—Torque Ripple —&—Load Voltage —8&—Load Current
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Fig. 5. (Color online) Main result graph by air gap, (a) Cogging torque, torque ripple graph, (b) Load voltage, load current graph, (c) Current
density, efficiency graph.
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Fig. 6. (Color online) Model geometry comparison.
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71ERE AR MEde] s dE vt 3ot
Hw Ay FZEI= 0482 NmolA 1298 N.mE IA &
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EI8E 53 7.16 Nmeld 1454 N.m& ZA 71tk 1

Table V. Analysis comparison results of existing model and
permanent magnet reduction model.
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Table VI. Comparison of final model analysis results and test
results.

Target Specification

Target Specification

J

9% asl slesw ST 9% 9] Aewy A
AR 5F Q 0.034 AP} Q 0.044
A}ed 72 Vrms 125.1 129.5 715 Vrms 112.3 117.6
FNES mNm 0.482 1.298 F)ES mNm 0.326 1.081
Z= kW 31.48 3143 Z kW 31.42 31.42
AbA st Vrms 146.4 157.1 A Vrms 147.26 160.9
A7PAgt Vpeak 389.4 448.4 A7FAgH Vpeak 469 448 4
AR F Arms 86.5 90.7 A5 Arms 94.6 102
A= Arms/mm? 11.41 11.97 AE e Arms/mm? 12.48 13.46
e rpm 2,000 e tpm 2,000
E3 Nm 150.4 150.16 ] Nm 150.08 150.1
E3 = Nm 7.16 14.54 B3 9= Nm 112 18.67
=& w 763.2 839.1 LN w 1,181.3 1,373.3
Az w 897.6 1,043.1 ESPS W 912.6 1,089.3
e % 94.99 94.35 s % 93.75 92.73
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Fig. 7. (Color online) Demagnetization analysis voltage current graph, (a) Current voltage graph of existing model, (b) Current voltage graph of

reduced model.
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Fig. 8. (Color online) Demagnetization simulation magnetic flux
density distribution, (a) B-H Curve, (b) Magnetic flux density
distribution of existing model, (c) Magnetic flux density distribution
of reduced model.

Table VII. Comparison of back EMF demagnetization analysis.

Target Specification

z7) 718 A F 947)HE
19) Vrms Vrms %
MEAE 112.26 112.27 -0.01
oI AN x|7kwel 117.66 117.67 -0.01
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