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Loss Analysis of Multi-stranded Litz Wire and Its Bundle Separation Compensation Method
for Wireless Power Transfer System
MAI Jianwei, YANG Ao’, ZHANG Jiewen, WANG Yijie, LI Tao, YAO Yousu, XU Dianguo

(School of Electrical Engineer and Automation, Harbin Institute of Technology, Harbin 150001, Heilongjiang Province, China)

ABSTRACT: In low and medium frequency wireless power
transfer (WPT) system, the loosely coupled transformer (LCT)
is often wound with Litz wire. Incomplete stranding of Litz
wire leads to unbalanced currents in each bundle, so this paper
analyzes this phenomenon in detail, describes the effect of this
phenomenon on coil loss, and proposes a novel bundle
separation compensation method. Eliminating the requirement
for extra components, this approach enables current
equalization across all strand bundles of the Litz wire while
preserving the system’s inherent output characteristics,
ultimately boosting overall transmission efficiency. First, the
twisted structure of Litz wire is studied, and the reasons for
unbalanced current in each bundle are analyzed by circuit
modeling of a traditional S/S compensated WPT system. Then,
a separate bundle compensation method is proposed, similarly
by circuit modeling, the effect of balancing current and
efficiency improvement of each bundle is analyzed. Finally, a
2kW prototype is built to verify the effectiveness and
correctness of the proposed method. The experiments show that
the output current of the system with the traditional and novel
methods varies less than 1% under different load conditions.
The light-load and full-load efficiency can be improved by
3.1% and 1.1%, respectively, while keeping the constant
current output characteristics.

KEY WORDS: wireless power transfer (WPT); bundle
separation compensation; high efficiency; Litz wire; loss
analysis
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Fig. 1 Schematic diagram of cross section of Litz wire
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Fig. 2 Schematic diagram of WPT system with
traditional compensation
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Fig. 3 Schematic diagram of controlled source equivalent
model with traditional compensation
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Table 1 Electrical parameters of WPT system
Y HE| % HWE| % HE | 2% BE
Lpt/uH 4135 Lpo/uH  4137| Lpg/uH 4128 || Lp/uH 4140
Los/uH 4135 Lpg/uH 4143| Lo/uH 4138 | Mp/uH  40.08
Mpia/uH 40.04 | Mpia/uH 40.09 | Mpis/uH  39.28 | Mpie/uH  39.10
Mpiz/puH  39.29 | Mpss/uH  40.03| Mpoa/uH 3930 | Mpas/uH  39.06
Mpos/uH  39.32 | Mpoz/uH  40.09 | Mpas/uH  40.07 | Mpas/uH  40.04
Mpas/uH 40.05| Mysr/uH 40.04 | Mpss/uH  40.09 | Mpss/uH  39.33
Mpsz/uH  39.10 | Mpse/uH  40.12| Mpsz/pH 3930 | Mper/uH 4011
La/uH 4032| Lo/uH 4032 La/uH 4021 | Lya/uH  40.30
Le/uH 4028 | Lg/uH 40.23| Lo/uH 4024 | Mgo/uH  39.07
Mga/uH 39.01 | Mya/uH 38.28 | Mgs/uH  39.06 | Mye/uH  38.04
Mgz/uH 38.26 | Mya/pH 39.02 | Mga/uH  39.10 | Mos/uH 3830
Mgg/uH 38.28 | Myr/uH  38.08 | Msaa/uH  39.00 || Mss/uH  39.01
Mgag/uH 38.96 | Msaz/pH 38.98 | Mys/uH  38.08 || Mye/uH  39.05
Mz/uH 38.27 | Mssg/uH  38.25| Mss7/uH  39.03 || Mssr/uH  39.03
Lp/uH 39.88| Lo/uH 38.91| Ry/mQ 133.23 | Rig/mQ 133.79
Co/NF 7038 Co/nF 7213 | Rep/mQ  18.77 | Re/mQ  17.72
UV 100 | RJQ 5 |Mps/uH 631 | flkHz 95
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Fig. 5 Theoretical current waveforms of primary and

secondary coils with traditional method
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separate bundle compensation capacitors

8 B | % BE | S8 BUE | 28 Hfl
Co/nF 10.28 | CpolnF 10.27 | Co/nfF 10.20 | CpunF  10.27
Cp/nF 10.28 | Co/nF 10.28 | Cpr/nF 10.28 | Rey/mQ  104.87
CaMF 1032 | Co/nF 1031 | C@nF 1024 | Cu/nF 1032
CsiNF 1032 | Ce/MF 1033 | Ca/nF  10.32

T EHARIL AR, FIREFR]FH (20).
(25)HEATHUE TH L, T4 5 R 2R P A5 R F e
B, WE9FIR. BAR, SHEMEAEL,
MR EE. BidXEe)itHHar 5B BN
4051W, SAEGaMETEMIEL, BE(IKT 20.76 W,

BARG TR, o . HE S it
I £1%30 Bl A I BENLRSN, WS ip AR R AR
A5t 2%, W 10 FioR. #E 500 IREENLILS
WO AREAEH R 0.1428, BAS R A¥HEE 0. &
R 3 R 7 V0 T AT R B T AT A% R H K
THRIZZ S BBV BUR S, SEIRI 25 28 % R 50

Res/mQ 10114

VA

(a) R

HLIUVA

0 5 10 15 20 25
tus

(b) FliL
9 EGERIREND LB B IRERIL K
Fig. 9 Theoretical current waveforms of primary and
secondary coils with novel method
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