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The High-frequency Phenomenon of Copper Clad Aluminum Wires which are Lower
the Alternating Current Resistance than Copper Solid Wires, and the Application of

Copper Clad Aluminum Wires to the Electrical Equipment

Katsuhiko Ueda*®, Member, Chefen Hung**, Non-member

(20224E5 B 31 B2+, 20224E 10 A 4 BESZ)

The paper is proposed approximate formulas of the ac resistance of lead wires and coils which made by using copper
clad aluminum (CCA) wires. There are the frequency range that the ac resistance of CCA wires is lower than it of
cupper solid wires for lead wires and coils of an electrical equipment. It is shown that the application of CCA wires
is economical as comparing with copper solid wires, if the design is due to successful calculation in the electrical
equipment. The measured resistance is compared with the formula, CCA wires is an example of multiple conductors

which shall be expected to apply in future.
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Table 1. Factors of skin effect for metals.

Metal Specific I Conductivity | Skin Efect I
Resistance o Depth &
o (Qm) (S /m) | (m)
Silver | 1.59x 107 | 6.30x 107 | 0.0634//f
Copper | 1.72x107% | 5.80x107 | 0.0660//f

| Aluminum | 2.82x10% | 3.54x 107 | 0.0846//F

TRALBDTHB, 20K, AUXHPEBLEV LI
FHT A EBBEOBEZITRTIEE LAY,

Table | CEBEBOEEHRRET T Lo, AURO
B ETE LR -7z, Table ] DERHEIE 5 13, BREu
=4n x 1077 (H/m) & Bk f (Hz) B L UK EROEER
o(S/m) #FHHLT, 6= \2/ucw POEELLETH L,

CCA #i3, ASTM B566 Hi&IZ T 7 7 v FROERIL
AP 10%~20%0HETHESNTED, 15%WEET
20%mhSFARICERT S LB s Tw b,
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ASTM BEBHENICRET 2 L IDHESH L 255,
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R LT r 3SMASE Y 5 v FEE, r BEATIL I 8RS
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Table 2. The numerical calculation to each factors of CCA round wires.

Factors of CCA Formulas of Calculation
Area Rate of Copper Layer (%) 1 5 15 20 | 50 A=100 G2 — &) / 7Z |
Aluminum Radius (mm) r. 0.9757, 0.922r, 0.8947, 0.707r, r o= ri-41 _l
Thickness of Copper Layer (mm) ¢ 0.0257, 0.0787, 0.1067, 0.2937, t =n (1 —V1=1)
Conductivity (8/m) o | 3.65x107 | 3.88x 107 - 3.99x 107 | 467x107 | 0 =40, + (1-Ao,,
Specific Gravity (g/em®) g 3.00 | 3.63 3.94 5.80 g= 8892+ 27(1—1)
%o 10|
Table 2 {ZRT &340, 7> 7 FETHAEND 5%CCA 1L\ sa .
BIZIZLALT IV IEETH DD, 50%CCA BB I E o \ e ?
W, BERICBWTRY Yy FE GITCURESED) &% 0.5 \
L R B FRE A THR TV, LA L, 50%% TE e”! \ﬂ~
(T B LMLES89 1T & ), BREIREHENIEL & Sy
B8, AXTIIENLHEZHRE 1SHRCCAREFEAL TR 0
B I L7ze 15%CCA DEER oecy 1, 3.88x107 (S/m) “— 3§ —+l
Thb, x
RELZEURZAVTEANE 2/ VO R, Kitx & Fig.1. The figure of skin effect in an infinity conductor.
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Fig.2. Equivalent skin effect depth in radius r. of a CU
solid conductor.

1.0|
|l.i| [\ Sa
0
(t-1)
0.6 e~ &
e-!
SB.
0
—»| 5, —— 4
«— t —» T
Ty 1

Fig.3. Equivalent skin effect depth of a tubular conductor.
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PEfEH L7 LRC # — %13, Quad Teck 7600 Pluss % &
BL, Re AV o ¥ v 2% ERIBEIZTHE L,

Fig.8 5 X U Fig. 9 \2R+ & 312, Ro FEERED 2 %Iz
HEILTHEmML, KEVWERED R, &, B LN
SWVERFEO R, PEBRLTVWAENHENES, FUE
HEHEHEMETH, 0.35mm 25 28mm ~NERELRBIZL
7275%5 T, Raef/Rye DEHOKRE (o> Ta,

r16 A52/ V2 X W /NS WEROREEELRIE, (57)
THhREIND D,
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Rac 1 (r)"
Rac _ q g 2 (S corvrmemrermmmmnermrenntne
Ry 48 \o

(SNHKXTr/é6H2 D, HE 6B A LT BN Hi
TWwh, FRIC, r[5 45 2 V2~5/ V2 ORETIE, 3PE
Fio L AERON—TH Fig.2 DIeBBEEA ~TLERY,

Table 3. Size of copper solid wires & dimension of coils.

|| Conductor Size
d
| Inner Width of Bobbin(mm

(mm)

i Turn Number / Layet N
Total Turn Number N |47
Coil Width (mm) w17

Number of Layer
l 7=2N, d, /S

0.35mm Measured. ——
0.35mm Calculated ——

0.800
80.600

G —— )
1.4mm Measured > —

1.4mm Calculated A——

[
0.000 &———
100 1000

Frequency (Hz)

Fig. 8. Comparison between measured R, and calcu-
lated R, for 0.35 mm & 1.4 mm of copper solid wire in
coils.

0.7mm Measured |

1.8
1.6
1.4 4 _
1.2 0.7mm Calculated == ./ |
1 AL
8% 2.8mm Mea.N—— 3y E
0.4 2.8mm Cal.&A =~ |
02 © |
0 e .
100 1000 10000 100000 1000000

Frequency (Hz)

Fig. 9. Comparison between measured R, and calcu-
lated R for 0.7 mm & 2.8 mm of copper solid wire in

coils.

—_

sy

3

(5]

(5

g

g { AmmA T

=l 10

- 100 1000 10000 100000 1000000

Frequency _(Hz)

Fig. 10. Measured inductance of copper solid wire in
coils.

Wy Ty K7L I EOERERSR (LEwEE, i)

BRI L B s eA (/6= 2.39 DI
=T, Nyt Jbﬁaﬁ%ﬂiwt;‘&@ﬁi“’f(i%bii VE SR
FEOBENFTRLO & 3o HkE LT

Fig.8 IR T £ I15, #ARRE 035 mm DHE, 7 HE
W, EEEOKE120 kHz #» L EIENBRENFEE -
Bks L, 200kHz THRER 12% L 5T h, 1LAmm D%
4, SkHz 2 bz assed - FIE L, 50kHz T 30%DFE
¥4, 150 kHz TREEDIUR LTCwh,

Fig.9 \2/R T &£, 0.7mm D4 25kHz TRENR
A - Bk L, 200kHz  45%DEEENFE L TV Do Rac/Rac
ZdpEickE (%5 2.8mm DiEe, v 1 kHz THEEDH
p L, 12kHz TEREAIOR LC\ib, 8512 Fig 101RY
I3, BEEEeE Y ¥y 5y AOMEEMET LT
WAHEZ LD, 2.8mm D, H10kHz BLECT, FHEE
Ll EOBEFKE L Zo T L7245 T, Rae/Rac T
K3 BHLEEL, AVY7Y ~ 2 OELD R Rae/Rac
M 8RB ET, HHTEE & ARy, ERHLD Rac/Rac
i3, BRoBIN LI, i 2 fEUNTS Y GivNioMEe =
1), ST ERTT g L RS B4R L (355K
R LI, SR RS R B 2FBELTVDR,
i&ﬂiit@%f%ﬁcﬁ%&‘iﬁ%mﬁ%@% 2FAEL o T A
(34) i, (3) ROBHAD 5 FfEOBREERL TV 5)o

7. EREREBIREEREND CCA #Bn0ERA

50/60 Hz @ﬁﬁq%?&ﬁ(@?ﬁ%ﬁ’\@ CCABOBERE, —
i x bRTW RV, AHEEERA, Fig 1l R
LRSS T, B L7 R E Table 4 1R T e

Eé aua

(a) Coil construction {(b) CCA-CU CCA-CCA

Fig.11. The coil and press joint for a power transformer.

Table 4. Comparison result to a 50/60 Hz power transformer.

Sy et I
|

| Kinds of Conductors , Size 20%CCA0.88

Bobbin Width(mm) S| 33 |_ 33 |
Width(mm) S| S

Turn Number/ Layer N, £ S 34 |
L 22—
I_ Number of Layer q 20 20 i
| Total Turn Number N 680 | 680
1=2Nd/ 7S 0s6 | 058 |

| Rge (Q) -
Rae=Racl1 1 (5)7)

|
| Temperature lncrease

7o) | 980 |
|Counter Measure : 130°CClass || 155°CClass \
| Temperature Class UEW \, B-1TUEW | F-1UEW |
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Wz 7y FTVIROBRERE (LATE, i)

WE L-EERIE, Blg 2%, ) TEREIAZV
BETHb. BREAEKTH2ED 5 20CCA TF A
AT ERAL, TESHRSAO—RBL/- YDy — VHN,
ERBH g ¥ FA—1CT2EYER L, LAdo T, CU#E
4% 0.85 mm 125t L, CCA #EMAEFE 0.88 mm % #HB L7,

Table 4 I27R T & 9 12, CCA # 0.88mm & R, #HiIZ,
CU # 0.85mm @ R, KD 32%IN& % -7 %, 3410
R ERA23°CEIML 72, RE LA HENH Z 57
ek, WEE LT, BYTBEUEW (130°C 7 7 A)
% FH# UEW (155°C 7 9 A) W IEETAEIIL-T, #
B & o7z,

CCA ML, 7L IME LB L CHBIERERSTRE LA
R ®H 5, Fig. 11(b) {3, FHFITHEFTH 52, SHE
B CCAB-Cuik CCAB-CCABEROHITH S,
& 52, CCA BRI S BRI LS, BERV-PES
L h, CURICHEL TRENLE 2 S,

—7%, 22KV500KVA A-Y #HOEBEEHy 24 V@ CU
AMHELRSE 1.6mm ~ D CCA BRABERA/D, BB L
CRHEO&SE, CCAH 2. Imm ThWwEEHIi bk, &
LABT A IBRBEELRO T IV I GEEEFE 23 mm 125E
<, BIDEEZ Z EPEBRERPOBHLO, L L7 KE
LEEE, SEREEHFTIEEMIC ST ANVEEIZAT,
BRMABA S, BB TROEBYERIBITLIE, &
LTI %A v E— & AOFIENI L VDT 3 ~4RIT/N S
CEErah, SEOHNMOAMINITLWVI LATKEN,

8. BSEEEERADY v Y CCAREOERE

BEFL yHRBIRESNZBREEEERS~Y v v CCA
IF ANHAELER LB % Table 5 & Fig. 12 127 %,

oy VO TERBEE, BEEax I IV - BN
BT B A0, B KELERI (/6 ThH b,

—F, TN TRV, BEEOMEFD 5, #
WOMLFRIKREL DY, 2L VBRI HINT 25, &
& - MAECHEIIREORIRET S, Table 5 12T X
31z, BEEML,. 34 vicBnT, EEFEE2/KICLT,
B x FRY 38 ADOWMB L —EW D 80 AR ITHEM L,
BE 425 8% 28 BILK TS 2H 2 HMAT, TORKE,
Fig. 12 12" § & 912, FHEBEK 25kHz THRFE LN
720 BTHMEOERZED 5RUATH S,

PG EN Ed, 1%, R0 115V BT A
B, BIRY x FHRO x /KD 054, G ATREND,

dp, = k8(1-15)3 VA, o eveeere (58)

ZZTC, ki F AL LY R4y LEEREL ORT
HbhHo b L, LEOIBEOHN, FHD x FHD x FHik
hoBETHNLE, BIHESRADLFEFFRHEL S

Y, BMEEH, 21 VIZBWT, 2 ERGHEED 7K
BE 3ANTBIIRBLALBESE, Fig 12 1R,
RPEEN Lo, TOBE, BEINIE»S 3K
TFy bATEEFFALCED, bL3IKTy VEFRA

Table 5. Dimensions of a high-frequency transformer.

Ly Coil | Hy Coil
Kinds of Conductor CU CCA CU | CCA
Size(mm) & Strands | 0.1 02 | 013 | 022
Number | x318¢c | x 80c | x7c X3c
Construction of Litz 6X53c | 1%80c | 1X7c¢ | Para3c
Overall Dia.(mm)d; 3.1 23 0.492 | 0.768
Bobbin Widthimm) 15 15 12 12
Turn per Layers N, 4 | 6 |3x6|2x7
(TotalTurns N | 17 | 17 | 270 | 270
Twist Rate pe | 105 | 102 | 103 | 10
Layer Number ¢ 4.25 2.8 15 193
| n=2 N, nd/zS 544 | 408 | 087 | 049
| Rue (9) | 0.0147 | 0.0166 | 4.87 | 5.25
100 =
Hv.15%CCA0.22mmX3c Mea, —— p7
Hv.15%CCA0.22mmx3c Cal. == S|
10 =
R | — == --.g\
S Hv. CU0.13mmx7c Mea/\. i
e:g 1 Hv. CUO0.13mmx7¢c CalA =~ -
Lv.15%CCA0.2mmx80c Mea.
Lv.15%CCA0.2mmx80c Cal. ==
"1 Ly cU O Immx3180 MeaA— : &
Lv. CU0.1lmmx318¢c Cal. & - | A7~
PR AR
o1 :
v 100 1000 1000”7 100000

Frequency (Hz)

Fig. 12. Comparison between measured R, and calcu-
lated R, for Lv. coil and Hv. coil in a high-frequency

transformer.

(a) Ly. & H,. coil

(b) Fusing joint

(c) Soldering

Fig. 13. The construction and the fusing joint terminal
of a high-frequency transformer.

ThiL, BRLEETAFEIBEH IHETRTH S, Bk
O x FERD x TRED, BB x FRYBIT1EHRID 3
BEOBED) vy VBEHEHLT, BEEa»¥H-—C, B
¥q by - ENIFR—-OHE, ) TERBOERMBEIX
EOETETEND S LDODE— LNk - B HE
ERTWAEHD, (55) K & (58) RIS THHATEETD 5,

BEEM A VL, HEHELUETIHEEELE
L, BROMEH—IITABRY V 3HBEERET L, #
DZEIZLN—BELYDY— VN, DRD B g DX
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nastEy, FB bR ORI EHELET S, Fig 13(b) I3,
FARZ AL NTHEATI 22—V FEEHNTH L,

9. WERYWREEEIIILAD vy CCAENER

g TH HEGIIARSALWMOHEFTRE AL
~NCUBDAEZ L LT CCABTREMLABEOEREK
% Table 6 (Z/R L, FIEMELSE I TREL 2z, CCARZE

Table 6. Dimensions of a disk coil and calculated R,,,.

Kinds of Conductor ‘ Cu 15%CCA
Size(mm) & Strands | 0.3mmx28¢ | 0.25mmx46¢
| Cross section(mm?) | 1.98 2.26
Overall Dia. of LitzWire | 034x1.15 | 0287x1.15
(mm) V28=2.07 | V46=2.25
Inner | Inner Dia.(mm) 100 100
Coil | Number of Layers g 8 8§
n::KﬁTf%g; 0.40 | 0179
Rze (Q) 0.0287 0.0377
Rac=Rz§c
[+ a3 L =
Frequency 50Hz 0.0287 0.0377
(Hz) 5Hz 0.0310 0.0394
25kHz 0.0375 0.0471
Outer | Inner Dia.(mm) 180 180
Coil Number of Layer ¢ 12 12 ]
n 0.091 0.116
Ry, 0.0758 0.1005
R Q Q
Frequency 50Hz 0.0759 0.107
(Hz)  5kHz 0.0844 0.107
25kHz 0.113 0.124
Rae Q Q
Frequency 50Hz 0.105 0.145
Total (Hz) SkHz 0.115 0.146
25kHz 0.151 0.171
15%CCA0.25mm X 46c Mea. A
0.3 15%CCA0.25mm x 46c Cal. — == f
D:§0.1 - G am amay N B I :
CU 03mmx28c CalA.——-
25kHz
100 1000 10000 100000
Frequency (Hz)

Fig.14. Comparison between measured R, and calcu-
lated R, for CU litz wires and CCA litz wires in disk
coils.

(a) Double disk coil

(b) Gap coil

Fig.15. The construction of a disk coil by using Litz
wires.

BT 2548, SREAERIBYT, Re DT HREL S
LW EDNELRE, 34 VIBICHK R WER b BAT
CUBDHEEIIAL, BAEET L LENERERE{(T2
H, H, EHE2PELTBHIIIoT, CCAEDOR,
BMEHRT2ENIFEE 25, Fig. 1412RT LI 1L, CU
KD Ry 12X L, 25kHz 2T, 1.1345% T CCA D Ry
BEOTAZENTREE o7, BHEMEDREL, Ru/Ra
DINEWE, BIEEICHL, SRUATH 5,

—AEH9 7 TIB T L, Fig 15(a) & @RS, 2 5% 34 vaskE
HAENTWwES, 3FEII VEHCTEILVOBES
L7 T AER, Fig. 150b) IR T L2, BBEIZZRE
BITDX ¥y TREGEDPUB AN LEFRELTERD
nas,

F =V A5 VRERTIE, BOBREINS A, NIf
ZSRBEECTALEND DD, RAEE R 2SI TH,
VafE LIRSV L2 ]IEL, Uy VB0 2R TE
2L B n BUIRE SR X FROF LD OFRE b i
D—FHhE LTEEOHRIZEA D,

HE A VIR F ANVEFER SN T w25,
Fig. 13(0) ISR T I b a— 3 ¥ FEEILEIL R B, 8
DELETIE 1050°C BEDE, CURBO L = - ¥ FERIIE
BT o 7275, CCABTIIT N I DRSS 650°C TH
D, CU-AL DEE&ORBMITEIZS0C BEERTT 50T,
BER 22—V FEBEFIIRETILEN D S,

o=V S RESOV AR TSR ik s,
BB/ VAR THIE Y BRRS & 5 s g
2L, 270V ABESEEHEOMEEIC L > THERIZERE
FhIFE 5 kv,

Frr, EHSATWAHRETIE, BAYRIUESES
B, N7z PEREBESETCWAEELH A, A
YTy ARET A EDEHMEINS L, BiEkedt
ATy ADBETHRE bk EEMM LIS
BELTWABELHLOTEENLETHS,

10. CCA RO EEEA OEA

{10-1) XFvELYFE—2AOEA BHHBREET
BOWEEBTHERINIRAEN L E-FBAT v Y FE—
¥ Thh, Fig. 16 IIRT LI, 2=FR—-FEDa/ L2
fEH L7, CCA#% CUBDABIZTHERT S5, CCA
WOEREE, CUBICH L TEREAZEFARE(HRE L, B
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FEyIZiX, CU T ANAH035mm 23 L, CCA =+ A
LAIZ037mm #ERA L2,

TN T ET=NT Y MV DRERBRERIL,
#E42 400 pps~2200pps TH 0, HE B $KI: 2000Hz N
& L7 Fig 1TICAT vy K E— ¥ DRFERIZEIT A
R, MIsEEZ/RL, Table7 224 VB ERL 7=,

Fig. 17 \Z/R§ &£ 912, CCA #® 037mm @ R,e DE
BEIZ, CU K 0.35mm @ R,e DERMEIZN LT, 8%
(2000Hz) ~18% (500Hz) KEWEETHH, FEH LM
BAEL TRV, §—VEPT4L4EnZE, 26T
AR Em L, FREAREF 1025 0ETHLE
PEELTWE, STEEOBREE, BEED 9%UAT
Hot,

AFvEYTE=FTIE, CUBIZEY YL 34
ALTWwAOT, R EEIMTbI T2, CCA#H
B L CH R EEITiRE 2 2,

(10-2) THREAFE—2OEA HEHBSHT
CCABDHEARIFEDE DT, BHEHKTFE—VTH
b, WiRERTE—51&, EXFERE, BKF)L, 35
H—Ra—b— I NG EIHVLRTWESD, EREED

©
fa

(b) Unipolar principle

(a) Four coils

Fig. 16. The construction of a stepping motor.

15 —
15%CCA 0.37mm Measured A—— |
|
0 15%CCA 0.37mm Calculated = — = |
S CU0.35mm Mea. s f;f:’:‘%
I O .
T
CUO0.35mm Cal.. ——~
0
0 500 1000 1500 2000

Frequency (Hz)

Fig.17. Comparison between measured R,. and calcu-
lated R, for CCA wires and CU wires in one coil of the
stepping motor.

Table 7. Factors of one coil in the stepping motor.

Kinds of Conductor & Size CU0.35 CCA0.37
Turn Number per Layer N, 10 10
Layer Number q 20 20
Total Turn Number N 200 200
n=2N,de/xS | 053 0.53
Ry (Q) 3.3 4.3

5, BETPHEFEEIITHEHNIhTwEZ L, BLY
¥ —EHENEN Bl2255—2) BEREEDNS, 3T
WERFE—F T, TF A0 CUALBOEERIIITL T,
CCABDEFFEIH T Hh KEL L TRV, Fig 18 (IR
FHE, CU #EBAEE 0.32mm 1237 L, CCA #EMREI
033mm ThH Y, FRELT, CCABIZTIRELLES
40%b Ry WML TWAEY, £H - HHEhATVA,

RMBEHTE— 5 OEEHE PL 713, 59 XB LT
60) RTRENS,

L (pm) = (V — IR kD v vooooeeeenennns (59)
ML Z T(Nm) = DRGNBIL -+ vvvvvveiininns (60)

ZZC, VIIEINEE, 113ER, R, $EHER, 013
BASR, kIFREL, R, 3¥ v v 7R (U—588), NIy —
¥, BIHEEE, BIUVLEIIIVETH S,

Lo C, BEX#EMNELE L, AEHBL T ML
¥imL, ERELEECRL 2L 0 LB S, Fig 20(a)
WRT X)W, BETIPHEECHAELREL TV,

Fig 191IR ¢ L9 12, BBz Emsese 157 %
YADETL, aTEIRE L. T0A, Fig 18 17T &

15%CCA 0.33mmA  ———
~ 20 |CcU  0.32mm
9/ ‘_
. 10 f;ZZZZ;Zl———~ il
i~
[~
0__ s i !
10 100 1000

Frequency (Hz)

Fig. 18. Measured R, of a stator coil for universal motor.

= 0.016 Y 3;g===*\
-~ 15%CCA 0.33mmA 3
0015 1y 0.32mm Mg

10 100 1000
Frequency (Hz)

Inductance

Fig.19. Measured inductance of a stator coil.

(b} Press terminal of coil

{a) Stator coil

Fig.20. The construction and a terminal of the universal
motor.
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312, Rae KRE 2B A, 500Hz TIIELL TV,

CCA WIRBOBE, IERFEVWE, BWERE IR, '8 <
%0, GNAPLT T UEMBERIMEC LS ETTHEY,
77 v OFGVEL o LBHNF1ENIEH Y, RARIC
FEREALETH B, Fig. 20(b) WA THRIZ, WFIA T 2K
AFERAENTEY, EEIFTETH S,

—7, SHEEXE-— PR TE—FIZCCAHTERHL
7235, BARHERIMEL 5w, BETIC4ILVOR
EL%#aTUzﬁifﬁu,n—x+/7%—y@;5
2, HHshEVE— S ~OBHREHTH L, FsL L
T, 2AENRNG R 3BT OEEXEZFEH L TWAKREET—%
DIGEIE, BHRERL T RBEZEICSELR, BRmHE
T RELTHEIEERSE, CCARDER LR b,

11. DA AFRICENT CCAE R, 7' CURE R,
S WINE L BB ERBERETE

Bl 3 BT, CCAMD Ry CUBD R, L H/NEL
LAREMROBEBREENRET S I L 2R~<D8, 2
1 VIKEET S CCARD R, FCUBD Ry L WS
BB EE LT B,

15%® CCA T+ A NAH=HERAL, 0.29mm & 1.6 mm
DEFFEIZBVWT R, DRBERFEZEEL, Fig.21 Bk
UFFig. 22 {27k L7z, Fig.21 @ 0.29mm D¥&13, CCA %
D Ry tE, 200kHz T CUBD R, IEITET VTV 27,
—F LT W70,

Fig. 22 1Z7R3 X 912, Lemm D&%, SkHz 5 30kHz
DEHT CCAMD Ry BCUBD R, & W PIFEMITAHES
{ B otze A0) ROEUXOFEED, BIEEEHIIEY
DO, HEEFE UERETL,

FEMBEOREIT, eVi=c! O, Blb, 1= 6. DR,
CCABDO R, BNCUB DR IZHEL L ottt 24 L
KOBEE, ¢ VIl = ol OB, Blb, Vir, =65, DR,
CCAD Rye WCUBD R, 2E L rolz, FOMD
RoefRie 1%, (B5) RUMEAL, REMELFAM, 212LoT
—EE BB, LL, CCABD R, HCUMD Ry & B/
BVEIIE, BV OTEELVLEELT L, FLTaA
MEEHRIZE Y 6, 2 TfL &8¢ 258, BLUs Ty FiEA%
TSR BHIZL >TC, CCABDO R, CUBMD R, £ Y
INEL LB BARBREHBAT RIS EL I EFTREEE S, =
DX 9% CCAED ) TEROERIE, CCABROEHELT
VIBOBREICT, BN EBAYFE LW ES ) BRI
DHbiLENLOTHL,

FEHLZI A LOFIKPEREL Table 8 127 L7z,
Fig.21 TI&, Fig.8 L[FE#RIC, FHEMIHEHEL DS
HBERERLT WD,

i, REEZEENIOBFROBHIER £ 2 5,

RIGEHEBELEL S, JITERBELDS (HBEE
R, BT 3RLENMEeL b, —BlL LT, T+ ANE
BERICREHEORELRS LHE % Fig. 23 12 L 7.
MR L T A WREIE Table 9 (/R L7z, Fig. 23 (2R T &

11

15 15%CCA 0.29mm Measured R, —

15%CCA 0.29mm Calculated R, — -

7 — -
I AT

|cuo. 29mm .Measured RoyeSN —
CU 0.29mm CalculatedR, . A

100 1000 10000
Frequency (Hz)

100000

Fig.21. The comparison between measured R, and cal-
culated R, for CCA 0.29 mm and CU 0.29 mm in coils.

15%CCA 1.6mm Measured R;, ———
10.0000 15%CCA 1.6 mm Calculated R, —
CU 1.6mm Measured R, A
CU 1.6mm Calculated R, & — )r,’
1.0000 Sk O de
& i i
— [ 1 |
S ! i
= &
T i
0.1000 Nl i
- :Low Area i
0.0100 Calculated
100 1000 10000 100000
Frequency (Hz)

Fig.22. The comparison between measured R, and cal-
culated R, for CCA 1.6 mm and CU 1.6 mm in coils.

Table 8. Coil factors and dimensions of conductors for
CU wires and CCA wires in the measured coils.

Kinds of Conductor CU CCA Cu CccAa
_Size of Cond. (mm) 0.29 0.29 1.6 1.6
Bobbin Width {mm) 8 8 325 32.5
. Turn Number/ Layer 20 20 19 19
| Layer Number ¢ I 3 3 3 3
Total Tum Number 60 60 57 57
| Magnetic Factor 7 0.83 08 | 094 | 094
I, BEEEO CUMICLEL T, EEERT T AVE

B CUBOBEE, 12%88F R, METLTWA, IO
BilE, Ry BRBO—BITHB OO0, EEADOBRZETH 5,
—7, BAERNOBHEERT CCA LKD) TERBELIE,
FRBICTEICODSREL, BRNER L HINS & 5B EANR
FEEHRL TV, Fig. 5 CTHAT L &, LEFHAD
FRBETNIBIZSHRBELTVAEERLTVSED, T
HEMO7NV IBLAROEFRMOMBIZL 6 PEALELT
Wh, TOTEHARBD § 1L, FFEITNEVE, HBETET
Y, Fig. 5ISRLTwEHwL o0, =5y HERBEEREIZ
THEIZR->TWD, ZOHFR, GORDNLHIZ, #ABL
TNAIBO) TERBEIEIREERE LT, EUFESTE
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[CU 0.35mm Normal Insulation [
0.8 |CU0.35mm High p Insulation/s— .'{
. 12% ,.
ST — :::/"ij
0.3 | i)
100 10000 Frequency (Hz)
Fig.23. Improved R,. by a high-permeability y; in an

insulation film.

Table 9. Coil factors and a CU insulation wire which
was used a high-permeability film in the measured coils.

| Kinds of Conductor Cu Cu
Kinds of Film Normal Film High-p,Film
SizeofCond. (mm) | 035 ' 033
Bobbin Width (mm) 7 7
Turn Number/ Layer 16 16
Layer Number q 3 ‘ 3
Total Turn Number 48 | 48
Magnetic Factor 7 08 | 0.8 |
Lo TWwWh,

ELI, BRWRRFET AL, BE, 34 NERO R,
 RETLHE, BATHEEEER) FEAETERELT
MEt 2 TR, BEEFOBITIHIZEZROAL Y, 72
L2, BREBORERI I LIZEED LIEEE»S
TAIERFRHEINTHES, L7 LINDTIF— b
Y= MIRLNE,

bL, ETAIOTIA— b = FERFERLAEE,
IANERIZS DAL ST, 21) X% 2 H R LR,
SBETNVIBOEBREIIBNT, BMEBANE LR
AEHRABOMENFZELL ) 738 —F V- bDH
B, 7Ty FOBELERY, BRILVESIIZZE L %25
FEdiibs, 20X, EHEEOBERIZ, BEKE
BWT, $HBEZEL LAY (HHBRECORRLED),

Plbsk7-TE L ik, RBERMOERS - 8 LE
A - EEBEROBRSLRETIETERLTEY, 4%
DEHBRRBICHBITO—B & LT, HFEHEL) (Z0OW
HiE, BMES IR, IEESTHE),

12. 2LHESROFRE

CCAMTBEXMIEMAT 2%, EMRNZHEIML, £
N PEMET B L T & 7o mBsNIc Bt 2 a8 E e
Hyak, BEFRETLEN, WENS A -Jofiilbr
BR L7,

TLOHESBROIANERLEDTRICEH SN,

(1) HZEBEROREHRICE S R, DFFEXFELE
RIZBEIZELY, oLz, BEBEMAKEER S L
ZEROEERERENOH ST L %5,

(2) CCAMDEEIRIZL B R, OFHEXPE R

12

LY, e, BFERICERS RSB A v F
WHREOBREENOEL S TREIZ R 2,
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