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Consideration on Influences of Number of Strands on AC Resistance of Litz Wire
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Tsutomu MIZUNO (Mem.), Akira KAMIYA, Shimura Yusuke SHIMURA, Kazutaka TIDA,
Daisuke YAMAMOTO, Naoki MIYAQ, Hideaki SASADAIRA

Litz wires are used in induction cooking appliances and transformers, because litz wires can reduce the resistance
due to skin and proximity effects. AC resistance of a litz wire is composed of DC resistance and resistances due to the
skin and proximity effects. This paper describes the theoretical expression of AC resistance considering each strand of
a litz wire. Range of number of strands for reducing AC resistance of litz wire is considered in the case that the litz
wire is certain cross section area of conductor. Number of strands for the ratio of AC resistance to DC resistance R/Rg,
=1.2 at frequency /=50, 100, 500 kHz are 35, 190, 3000, respectively.
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Fig. 2 Model for deriving the expressions for skin effect
in copper wire.
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Fig. 3 Model for deriving the expressions for proximity
effect in copper wire.

Fig. 3IZi#f (GEf) O RoHR=EHET v
LT, ZOETIVE EROEIZHD, P
DERRTH D, SR f O—FE/R IR S iR -
BICEAT 5 & 2 OMmBEIEZ RO T, THERICK
K9 DO HHN A EH T 5,

— KRNI NMER L2808l (FRYD o
MESHT OWEFEPIL, FHRUAEH T 287D
RISHOBE L 72> TEY, PENIIKRA LR B[3], 72
B, KFPOT AL VR 7 (*NTHBEEREEEL WD,

P(H)= ——1_— TCplklsi"lCc c.’
J

<APPLG )L k) - PR G k)G )

(Wim)  (4)
C. - 4,Ll0HI"1
© Pukarn (TG kr) = LGk} + 200

A

2T, Co: IEEMICET ARENA), uo: B
2 DBER (Hm), H: BEAROIRE(A/m)

Fig. 4 12V » VOB D BT 1 30K D
ROBEER LT, U v VROFRER m(x,, y)D=
BUCTEIR I SR TI Y, RHRES n(x, y,) DR
ROBE Hy WEA LTV, BRAOBE H,, 1%, x
FEVRETY HXpm & ¥ ST Hy V70T 5 2 E M T X,
FENTRE 22 5(10],

I yn_ym
H: wm =TT A/ 6
o G oy @

1 X0 = X

2% (X = Xm) + (Vo = ¥m)’
ZZZ, L %ﬁa:{ﬁﬂégﬁéﬁ(A)’ N e
FB m OEROTLERE(m), x, v BB

FRREN ROV I BOBE, %ﬁ@%ﬁ%%n(xm

Hy,p =— (A/m) @)

(125) 301

NI | -El ectronic Library Service



The Japan Society Applied El ectromagnetics and Mechanics

HARAEMFEEE

Vol.18, No.3 (2010)

T Eddy current

/ Strand m

X, Yu)

t e
v (Xm, Yir)
¥ /
\ /
L \\ — - -

Fig. 4 Magnetic field made by current flowing in strand of
' litz wire.
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Fig. 5 Structure of copper wire for litz wire (unit: pm ).
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Fig. 6 Structure of litz wire (unit: mm ).
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Fig. 7 Coordinate of strands for theoretical calculation of
litz wire (N = 1200, 4 =2.36 mm?).
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Fig. 8 Comparison with measured and calculated values
of resistance of litz wire (N = 1200, 4 =2.36 mm?, /=1m).
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Fig. 9 Model of litz wire (N =7, 4 =2.36 mm’, unit: um ).

Table. 1 Specification of litz wires for theoretical
calculation (4 =2.36 mm?, Rg.= 7.29 m<2).

Number of Diameter of Thickness of insulating
strands, N strands, 27, (um) firm, ¢ (um)

1 1732 0
5 774.6 15
7 654.6 12
19 3974 11
50 244.9 9
75 200 8
100 173.2 7
300 100 5
600 70.7 4
1200 50 4
2000 38.7 3
2977 31.7 3
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Fig. 10 Calculated values of AC resistance for litz wires
(I=1m, 4=2.36 mm’, Ry = 7.29 mQ).
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Fig. 11 Resistance vs. number of strands characteristic
of litz wires (/=1 m, A =2.36 mm? R4 = 7.29 mQ).
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Fig. 12 Range of number of strands for reducing AC
resistance of litz wire
(I=1m, A =236 mny, Rg. = 7.29 mC).
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