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Design of an Electric Water Pump Motor with a PCB Stator
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This paper presents a slotless axial-flux motor (AFM) for automotive electric water pump (EWP) applications that employs a
printed circuit board (PCB) stator and a design approach aimed at reducing axial length. In EWP assemblies, the volute primarily
occupies space in the radial (outer-diameter) direction; therefore, rather than minimizing the motor outer diameter, shortening the axial
length is more effective for securing in-vehicle space. Compared with conventional EWP motors based on radial-flux motor (RFM),
which typically have longer axial dimensions and are disadvantageous for packaging, the proposed PCB-stator AFM achieves a more
compact form factor by shortening the stack length while meeting the target performance. Although single-rotor AFM are attractive
for compactness, stator fabrication is challenging; the PCB stator offers high manufacturability, rapid production, and suitability for
mass manufacturing. In addition, capacity scaling across multiple power levels is facilitated by stacking modular PCB stators. A single
modular PCB stator consists of multiple layers; such a multi-layer construction is referred to as a multilayer PCB. Leveraging a
multilayer PCB allows the phase current to be distributed across the stacked conductor layers, enabling a higher effective current
density than in conventional motors. Based on these characteristics, this study proposes an effective design methodology for a PCB-
stator EWP AFM and verifies the approach through electromagnetic analysis.

Keywords : axial flux motor, coreless, EWP, PCB motor, PCB stator, slotless

PCB NENE X283 X128 HSA YEEz RE A

=8

7R etal At EE S UAIN 2SSk, Al TR 1342, 13120

O}

7Rt 718k, AEAl AAETHE 1342, 13120
(2025 9¢ 18 "S-, 20259 9Y 249 HFTFAE WhE, 20259 9 25U ARNEA)

B =S A8 A AEEZ(EWP, Electric Water Pump)l] 218 7Fs3h E22]2 S303 A& B0l Q13]27|3HPCB,
Printed Circuit Board) A} 283101, 543 2o] A7hS 218t AAIE ARKITE EWPIME BFEZ 2 ) Wk
3RS RFEE KE 9173S Fole AN A Ye] F7He FRE s ek Zo] #zto] af-Zolt). 71E WAL
215 25 7)(RFM, Radial Flux Motor) 7 EWP EE= Z343F dol7t o] #17]1%) el E2]3h v, & =ollA] ARkl
PCB T4} 93F A& HE7](AFM, Axial Flux Motor)e 53t 35S TE3IHA AE 2ol A7sle] BT} compactet 374
gt @ ZE] AFMS AFslo) fEfsiAR A} AlEto] offthe $HAI7F 1o, PCB IAE =& AIZMY, ke AL,
g Azl felsht). B3k 253 PCB 8RS A53o2ZH Tt Su= ggo] golsith. shue] 253 PCB 1A=
ofei7fe] ooz o] Har, o]3k ofe7le] dlolo] PCBE WEld|olo] PCBERAL 3t} Elo|o] PCBE &85l HFE &
2AA 32 SR AAZE 7FsElaL, ol 7IE BE U] AREUEE A AR 5 gl o] dth B A od 54
< HlEOE PCB 2GAIE Z88F AFM EWP EEQ] 531291 A7 WS AR, o8 MApside 53l 1S3

FAO| : S A% R, 30fels, AEASIEEL, PCB W), PCB T4, £5£82

© The Korean Magnetics Society. All rights reserved.

*Corresponding author: Tel: +82-31-750-4776, Fax: +82-31-750-8571, e-mail: wh15@gachon.ac.kr

-225-



- 226 —
L. M E

B35 X (teeth) T2 AZ 540 7IkEE
F =) 7|6k AR tiAste] A=A -
<)

KR
5 itk oo, W7 13w Hola HF
sl AR o] % PAVIZ Xof| ZYS ol ARz
Alto]l o8 Ze|x vl Feo] At v xEsE 3
o2 A= PCBE UiF Akl s, 1Al dAS
3z ggoz Ao =N Ax FA desht 7hssith
PCB AAZ] FAES] FR-4= 3719 fAldE FA-S 7}
Aa1, £%o0] glo] A|AE Apol7t MAEHA] e EFE-
Tzolt}. oo met AT X|o] FeAgollx 7IRIsh=
FREA7} o]2H 0T WA et FEI= AT
A7t AEEEe Jo=H HE I At W5-Ad
< st Aehd SRkt 1A} Alolol] T $13e] =
olA=H|, PCB A= A7} gloB = olejgh &Al|7F A
SHA] et & Arelie o9k 2& PCB 572 AFM
< 28 EWpll #8313t Ewpe e BE7F o
A= T8 Wl s AA7F 53] F8shH, dhei=
A AS AEleg REd 2o 2y E97) 979
t}. AFME REMO| BI8] f2j3 EF IS AFdlal, &
EE2 P2 ANH FF0] AR, FEAEC] ST
w3l AFMOl| A-83le] &52]2~ RFM UH] E3E 7]9-a1,
27E 719w AR BaE 4 Qo

T E582 BEME G7A 2&o] TAl] AR
FHoE Wlshe AAIE FAd3ted PCB Tl SEoA
AC £40] Z71817] 4928, AC &4 A7 AP D53
ot} old] B =%2 pCcB @A HES AC £ APS
23k inverse trace AAIE F3l] AR Z7]oA AFEE
& FHAigeha, BEe 58 AE HAgsh= PCB EH
AAE ARk

I & H

A 7A FEAHES WEkE <l weEA AEs)
AlzElo g A= Qlom, 53] AFEAf oA Fart
FEslal ok 53] x1ERE YEEZE WAz Xkl
T2 A7 WS a8l 7141 AHEZE ASS) ko,
HEV, PHEV, EV, EREV 53 22 X}&golA 52 e
2Z7F ERdEo] Azl YzRERE ope} FEEH, wiEE7HA|
Wz dido] SjEint. o]xH Wzlsllord Hago] B Ak
FE sl Aa"dMe FE 2EH viElRe 28 A

PCB GAE 483 A8 A4 gz 28 47 - H=d - 1

ol

T8 A7) W= EWPZF 8Ty 1 Ay 2§
tioll &A== EWP EE 47} Bo] Q= 3la, tH
717 I3+ Aoz Qs 7t BEe] AFsPyt F4Z ol
a3y 71¥ RFM EWPE FW3F Zo] Aztol ue} &9
A7} WAEle] A% o] =28t BhE PCB REE
1A AE PCB IBARE et ek dolg A
=Y 4= Qo] =Zo] ¥+ FHy} Lol old] e oF
gFAo)de] we} PCB IAAE 285t e A7} Eids)
Al &= k. PCB BE B Hl A FAZ= dnl
magnetS ARSI TAEAES Fola FEAEEEE £9|
£ PCB motor[1] THF, PCB EEd)] dmpxjals &8s 7
T AC &4 Afdolle frElshATr AlzRlgo] S7IsHA €
o} trace widtholl WE }AF{ =23} glojojo| ujE 43}
A S tigk A7 23pt =T ol w- T8k I
2 PCB EEIA A AC &4 AP A= vl$ =
Sict. o, B =ollA] Abshs Al Wl uls) HlES
Q1 AAlelt}. Hg Ao =Z dEH peb 17}l tigh A
T B2 A7 A= QAN 28 Ewpel 2
Azt ofF Aol A= A HuRg £y JE A
A7 && SN FElsr] wiEdd] 2 dgelMe Exd
PCB 3 Aol thgh AFE At} B3, traced]] slitS
Tflo] AC £4& S0l AF[SIE ole AA ZYdM =
Aol AAF7F LA = 7] wWiEel slitS B3 HE 7=
£ A&3le AL AFT & Uk TRE 8RRt
g8 pCBE 83+ RFM AT[6]= ZdAE pCBY

$- FR ZA1€9] PCBELT} AlxH|g0] =i, 9 Zo] A
o] a3t EWP ojZgAlol A= AFSHA &t ¥,

& RFM EHO| IAEA A7e 93l thdst F3-AH4-
A} A AEE ] Sith 718l FE3lEIl = RFM
REN IAEAS A7el] 918 AR SRt g}
b dAN] TSk A [7], RFEMoIA Q] G721 &2dol] st
AT[8,9], AFMOIIAe] G2 el gk AA| AH10],
AFMS] 7AMoY dual-skewS A-83F A AH11,12], 2L
AR} &l thsl A ATH13,14]9F 2L A 7EEC] F
= 2ol AFEoR|a o). I o]HI WHHvte 2=
FREAZ $38] AAS] ofHth. dEFHOE FHEAS]
o3 S WSl 1gR}; Flgoll ] A71A Aol
7F EAIEIA] @otot gtk Wb PCB 8AFE EE | A
B31H BEY AR 2 A R opE) AX1H

FRAES WS WAL F ok

Rl oo oY ox M

AHge BE A TIEES £2Hd 5 Aok AR



LATE=1> Journal of the Korean Magnetics Society Vol. 35, No. 5, October 2025

PCB 7]3e] 757} BolAA "ok AE= A2=o)=
ZoM= 2 7ol wddo] WAskal, TIste] Rk A}
71H T= SR A A ol SR wiEel ©lE 1
2fsle] gloje] 5 Adgsfolzitt.

PCB 3gAel M= S]dA} s)3del] whe} g7 e} A 2}
Foll o8l AC &do] WAsH HaL, o= PCB EEoA
T8 &4 T spolrt. dubHog EAle) F5 v e
st AC E4S Agshe s HaR {1 A ST
2 T2 ST "t webd, PCB BE A= AC
S TEY AR T B0l ofsl 58 Adde B
star, A7 WgE AAsioRRith. mWEb PCB EH| F8
S A A RS AR

III. 7|& EWP 2E Ms % PCB 1HX}

Fig. 12 38 AT EEZ EWP PCB TH<Q| A]RRE
olt}. 71& HBAR1 EEEe] Hlsle] PCB 1A &-83t
EWP REl= SH3ko 2 3As] viysle As & 4 ok
EWPE HE¥T o} Jde] AAE F83517] wie] &
B A 79 A5 88y 271E st AlFkE AL,
ool Bt ¥k Ho|E Hslele] AAISIT

Table & 7]& Zdo] Zi= EWPd 2-8%F RFMS] Az}
7] /4% HlolE] 2 Alo]=olth. BE Active part®] A 2

EWP PCB Motor

Fig. 1. (Color online) PCB-stator motor for an Electric Water Pump
(EWP).

Table 1. Specifications of the basic EWP model.

Parameters Unit Value
Rated Torque Nm 022
Rated Speed rpm 4500
Rated power 'Y 103.67
Input Current Amms 14
Load Line to Line Voltage Vpeak 8.1
Copper loss w 20.34
Core loss \Y% 1.08
Efficiency % 82.62
Stator Diameter mm 56
Stack Length mm 244
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Fig. 2. (Color online) Configuration of the EWP PCB motor.
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(b) Electromagnetic Torque
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Fig. 3. (Color online) Effect of PCB-stator module count on 3D FEA results.
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Fig. 4. (Color online) AC loss in PCB traces and magnetic flux-line distributions at various rotor positions.
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Fig. 5. (Color online) Effect of PCB trace pattern on AC loss.

Table I1. Specifications of the final EWP PCB motor.

Parameters Unit Value
Pole/Slot - 10/30
Stator Diameter (Outer) mm 80
Rotor Diameter (Outer) mm 68.4
Airgap length mm 0.5
Stack Length (Active) mm 16.1
Copper Thickness Oz 2
PCB Layer (1EA) Layer 6
Magnet - N45UH
PCB - FR-4
Stator Core - 35PN300
Rotor Core - S45C
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Table I1I. Specifications of the conventional traces and CTC PCB traces 3D FEA data.

Parameters Unit Ref EWP CTC Trace PCB
Rated speed rpm 4500 4500
Rated power w 103.67 103.67
Load Line to Line Voltage Vpeak 8.1 10.2
Rated torque Nm 0.22 0.22
3D FEA Input Current Ams 14 10.1
performance Data Current Density Ap/mm? 14.1 37.42
Copper loss w 20.34 23.43
Core loss w 1.1 -
AC loss w - 4.99
Efficiency % 82.62 78.48
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Fig. 6. (Color online) Design variables of the PCB-stator end-turn.
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Fig. 10. (Color online) AC loss waveform of the final model.



LATE=1> Journal of the Korean Magnetics Society Vol. 35, No. 5, October 2025

“wn

—RFM EWP
—PCB EWP

40 80 120 160 200 240 280 320

Noload BEMF FFT [V]

Noload Back EMF [V]

[ R S T SIS

Rotating Angle [DegE]

=

wn

IS

w

()

o

-233 -

S = RFM EWP
Eo . uPCB EWP
= o1 6% torque harmonic source
EOO\
5 006 12% torque harmonic source
s 0.04
=
.S 00 J
= — - J B e, R
< 056‘%)10111I‘lJl‘lélHl)Ol 23242526

Harmonic orders

IS

5 6 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27|

Harmonic orders

Fig. 11. (Color online) Noload back-EMF waveform and FFT analysis of the final model.
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Fig. 12. (Color online) Noload line-to-line voltage waveform and FFT analysis of the final model.
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Fig. 13. (Color online) Load torque waveform and FFT analysis of the final model.
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Table IV. Specifications of the final model.

Parameters Unit Value
Rated Torque Nm 022
Rated Speed rpm 4500
Rated power 'Y 103.67
Input Current A 10.7
Current Density Ap/mm? 30.9
Load Line to Line Voltage Veak 10.2
Copper loss 'Y 20.53
AC loss w 6.92
Core loss w 1.5
Efficiency % 78.2
Stator Diameter mm 80
Axial Stack Length mm 16.1
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