7 A
mo T

E A& r — 7 v o FF I, b

Effective Resistance of Segmental Conductor Cables

By Yasuhiko Kako
Hitachi Research Laboratory, Hitachi, Ltd.

Abstract

Present tendency favors the use of low skin effect segmental conductor cables as

large current volume conductors for power station main cables, with the aim of

decreasing their effective resistance.

To date,

no conclusive reports have been

published on why the skin effect decreases in the segmental conductor cables, all

previous reports being limited to discussions based on suppositions.

Improvements

were made on measurement methods, and through actual measurements made on the
effective resistance of specially constructed segemental conductor cables, the reasons
why the skin effect decreases in segmental conductor cables were ascertained.
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Fig.2. Connection Diagram of Improved

Measuring Method
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Fig.4. Vector Diagram Indicating
Measuring Principle
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Fig.5. Method of Potential Lead
Arrangement

(i) el b osERRE
LR OB IR ~ ZiE 2 S HHEL S LY, ok
2L 7 — 7 N OB EEHR 03?*11 & Ch BN, FEGNFINE

CTWwab L 5 e, BEERCERT BRI, &

MeCEEDOFHR LI 50T, SMIOFEETITE S BIC
AT IETL DR IR, ?Ehﬁﬁ~#%@&—
) a—b, c—d H I\, a'—b', ¢'—d' DOIWTFEED
S h r —~ S AOBIEMET &35 &, BEEHRCHRS
NWAHABEREBEEENRS, LY LIS, r — 73,
BT oA 2 S g, W7 A e L T
WIEMNUETE AW, SEOFERTIE, ZORTEE
PR\ T EDSHEDN D Bivte, DXLy — 7 AT O
T HAEEL, 2272 v OBRYIE—CT B0
M5, SEOERCIL, [FEX 25mm OFisA Hif L,
SR THIR Lcd oL, FEFRICERH I HimTaE & (A
—EEo oI, YEHTEE LbD ERER L (3
X 7Tmm OFE), FBEmTOMNEE LT, 7 —
TG X D 600 mm OfFEEA & h, BHELIC W T,
SRR CE 7 2 v b e —fEEHE Lo, D E IR D
MG U, 8 2 o Ees b IR IO/
H17 & 60 pF flEE0d Oa AT, BHEHUISETIC
LT &8, WO/ % X2, 7030k
DOEESHEN Y, MEEE R EO DRI £ L <
SEIDOFEERTIE, b d L Toiidvzicunn, r
— I NEEOCARFIICANTREZHR L, BEDOE—511H
LHhkE, BAHCEEY 9 Y EED, F—7 A AR,
HHHNZ X iR EE L 2Bk A2 XA Uiz,

(38 6 BZ)

(iil) FAFEORG
AHERC B 23EZE O N%E FIET Z
T By
(a) #HHEESPMIIT TR A v X 2 2 v 2 {@h°
LK TH DG (B2 7)
(3) HicF\ T
r —r (1+72)
r'—r' (1+78)
Zoie o Bkl il Lt g e L

1>0?, 12>6%, 1>a8

20 L 5

w6 R B o B E R B KL E B
Fig.6. Outside View of the Temperature

Control Installation

TN WmEORLEZoORBESGD <1 VK

Fig.7. Vector Diagram When the Flux Phase

LLags behind the Current Phase

(3) HiTOXFD L S5l b,
I(R +jol —joM ) =ir (1+ja) 1
I(R' +joL’ —joM) =ir' (1+48) | =
R’:_Z;{R+(aﬁ)w(L—-M)} ........ (6)
(ﬁﬂﬂﬁﬁiﬁﬁqﬁkﬁ)d%$ﬁﬁ%%%,%L
o(L—M) DRKThIBEELLD H5H, o(L—-M) %

INCF DICIIEARE L DD X5, I L i ZFE{7HE
F kv, TORBETIE, o(L—M) 3L/ h,

M & OB 5, LB T & i Ol
X BT, TIFVED) - L X CHE

THRETTSTH S,

(b) \JZE HJ_LH%‘ ARl A B YT D R
2T My kUGBS — VBRI O
T,Hmmn@awmizﬂfﬂﬁtoTﬁﬂtm&%%m&fxx

RO B AEYFENT 50 TEH L, & L M 235Ee

K:hiiﬁf{hifK“D“CL*jléi AR X D SO EEE 37 { s
LD, LRSS O 72— RSN O B2 B < LEE
Mk b, BAEDRKE I HDIL, —IKBHROVEHHIR &
MAHD R LW TS D, ZHhOFEEPRIE, BRI L
. AF?}&&J%EE;J&E@%&T 5, SEd My (&%
ey, BEFEEY VT Gm), o210k
Rl [A) % 224 &;LT Sl izl O B T H U E O
%= 0.2% LITRFT A EBWTEI,

TR



o (i = = ==
H S 3F G A =

7
(c) FIZEMHAEREERO KRB & RO o (i
Y-

M, RAOWHEIEHEOHAE D, FHHME Uil
(X, MHIIEmL VBN S EREOHAELFEI L), 5
DFEERTIY, SRS S & i3Ex b\ W ERR
MTHDH, EIroOMEORBNLKEAEXLEDERKLE /v
LD, %Eﬁ“éﬁﬁf)‘ii})é(ﬂ“ﬁ’ F7RHGiESM) I
BWT, BEXZ M0 or lEST AT, My O
90 m, I X ) Uﬂfﬂ'ﬂ HhhDEThH, b LE
s i OP 7 0P1+P1P ETETEZHHLITTH

B, ﬁﬂ@LmL(HLHUDb%%fé &LK%

/’\
IJ' 1V
f—\.

Lodchiea e OP D I FHa Dk 4L, OPl DD OP3
Mz Hivd, #HuiB= 1T
PP P/ Ptan o
0P, =tan dtan @ ...... 7
OP, OP, AL & fapm, 0 (7)

850 mm? » — 7 L DEEFICIE, tan ~11~12 /¢ 5
@zhm%ﬂk%ékov’U$L¢at%mitmm
10 LIF el hudie Bigw, ZZicdh L o=1" &
FiUE, tano>=3x10-* Lich, #HET 0.3% Lich,
= OREO/NEOESERATIES e, BNCIR~7oE
0, PRI L Z OFDOFFEIREU L\ D & Eb
nN%, SEfF2-EAOFER (Im DL oAb 01:})‘55%1"1-1‘51 &
W& D) LB/ Y, b (AC&RE@EEniisvy) o
HEMER L T B EE2ERBIOEIRDRT L)

2, WEDEEZETIRD v, Lt#01;®ﬁ®
HEDMEMEEC B JFTREIENCER T Z
EMMMERE AL,

(d) EHEIC X 208

SEIOFEERIC B\ T, BIREEBIRIEZRICITL
%%ﬁﬂt# H3, HBOFRED 2~3% HEHL T
. Bl % X oo, REERESREOZED Ll
mﬁ@%o,iL%E?@@““mm% I, WGt
TIT 5 DT, THDERER L 78 D —ISERBI LR L %
(e) BEAENC L 5=
BIREE AR M EhfiE =
THUGREII DL b, IeBBBR TS

Furc g R IR % [ H
j i’\_, ﬁﬁ! \%\d@

7&“

%

S B A 9 &

M)ﬁi%%iﬁm,W%®%ﬁ&%ﬁﬁé%®m,
BEASEIEORETH Y, HITBEONIESTILS
EOBENz bivs, ;ODHL ARSI EO R ST ER D
£ 5 ITTRIERH T Lo ASFEE /Il E 3 D@D 2 BEg,
SEDIEEN R TE 5L Th D, DFICHIEEEL
DREE—, ZHIF TR B,

(a) JEEE DM NEE) O 58

I 2 EBVR () IC/RTHEL L TR S,
BTk~ L 512, %1 X (a) > JiEEClL, %4
mnhu_,%&«ﬁ}»(nﬁ%Mm¢5@L OH
+PP, | R L CHlES 5. LA LT OP, b\ 5~<p
ML, IRPIEEIC NI DT, FEE O NEEIT
LIOTUL, FELTYV 72722 VABETHREILER LT,

lﬂﬁmlam FEAHCE®RT 5, Lo LHERD S
fmdpa@fmm&@%%@mﬁ% L P2 D

RO LB L O T HIEEIREN S E R D, 2 DRE
R 7oy, Ik iofifEXxEEe—Hxeso

ThoH, &1K(b) ”)/j(i:’i/c@ ?Aﬁu—zilk 7“_%6’)(3‘9
H., ZAUCKR UTAEAEL, OP1 W OP2+P2P1 (A5 e

T5DT Py JJIBIFEFEERO NEENCR L CiLiesE
ThbH,
(b) EFEoE

T EF TEEEEI TR CEARK O TOREL: T
127, BEIRPICDOWT L —I0E R TR HUENE B, A
HECECTUL, Sl CRBRCEER L bhvb, T
kb%&wa@%E%Tﬂﬁ%%m,U??ﬁvx%
TTHD, 2OV 7 272 vABETCHLTILE 2 ho
M, @fﬁ'ﬁ‘i hb& bhicd 5, 55 (Eli TN 2 B

s IS ET ISR L TSI OE#IL . Bivicw

h_k%cLﬁ‘M%%c&D,#%%ﬁh ) H— 22 [X]
T 58 a1iy, YEREBIIE LA Y EB Lo Tx
B, B ED o0 L EREMEE LICIEEIC@ERC
Y, HOFEOREERN LIRS ek E#liy R4,

(v) KW@ EoOMERE

%7%:%%@&—f»@mﬁﬁaﬁﬁﬁw%?f

BENCK LT, KHEBEEIEDLD TRETH D %6? -,%fu%aLfmmmm%Em #(wa
(iv) AEHEEOF|S LTThdLDEELNS
£ 1 & 80mm? 4 % E Kk &+ ~ 7 o A H R FE F H#
Table 1. Condition of Trial Production of 850 mm? Segmental Conductor Cables
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1 LRBRARERY, £&E (2 A» FRKIER) 5 2.5 2.11p
2 HEAHEHRRY, RER (27 A> HEMRER) 6 5.5 2.13¢
3 HBRAFREY, =F ArFE R (22 A FEEER) 4 2.1 2.293
4 ABRAFERY, mEE (7 A FEKES) 9 6.0 2.03¢
o | ZERAFRRY (22 A> PREMBLKTZIL) 4 | 6.0 2.035
6 556}*%]%[_’5- -7 A, e 9 0.0 2.065
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Table 2. Effective Resistance of 850 mm? Segmental Conductor Cable
(Same Direction Strands, Non Impregnated)
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r:IE FI’ ' : { . e >
P (V) B R (em) | # E CC) (X10—1Q) (x10-4Q) | ¥ W f& i H A
o ’ i S L _
60 25 17.5 1.045 1.104 | 1.053 1.0491, 1.0644
|
60 15 17.5 1.043 | 1.10¢ | 1.053
gretiz L AME Sm 60 10 17.5 1.043 | 1.104 1.053
| TN IUNOR S i i R v saerens N T, S
R AT E
HIRARREAE S 50 25 17.5 1.045 1.08¢ | 1.034 1.0349, 1.0453
50 15 17.5 1.043 1.08p | 1.034
50 10 17.5 1.043 | 1.08¢ l 1.034
s i " —_— _— - - --[I -
60 25 18.0 1.045 1.09¢g '. 1.052
|
60 15 17.7 1.044 I 1.098 | 1.052
SRRLRRE [ & F O 60 10 17.5 1.043 i 1.10¢ | 1.053
itin 5 e i s L1 N e L e N e R Ul
e Y B A | 50 25 18.0 1.045 | 1.083 | 1.03¢
50 15 17.6 1.044 | 1.084 | 1.03¢
50 10 17.5 | 1.043 | 1.082 | 1.037 i
60 | 25 7.7 1.044 1314 1.065
60 15 17.7 1.044 1.11g | 1.070
i 60 10 Y77 1.044 1.124 1.072 '
A OE o7k o e S st e . S SRR — T Ao |
| 50 25 17.7 | 1.044 1.09g | 1.051 |
| 50 15 17.7 1.044 1.099 1.052 |
50 10 12.7 1.044 1.104 | 1.053 ‘
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BB kOFEDREOHEIXA TR IS,

Rac __ ., Q/2)x{ber x bei’x—bei x ber"x} ~
_R(;c hl‘l_y_l-l_l\ {(ber'x)2+ (bei’'x)2} J
ST x=Vgnf/(Rx109) » =g, R=i#{k 1 cm OELiHEN

g5 3 2% 850mm? SEEk s —7 v (RERERANGmMHED, RER) oFL)Em
Table 3. Effective Resistance of 850 mm? Segmental Conductor Cable
(Alternate Direction Strands, Non Impregnated)
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" ‘ fill JE % ¥ = H#H Bt Rde | & e K it Rae i Rac/Rdc Rmc/Rdc
it B ‘ | X . | ,
R () | MR Cm) | @ e CC) | (XW0mt) | (x4 % W | | i B
60 25 92.0 1.283 1.44+ 1.123
60 15 21.0 1.284 1.45¢ 1.125
BRERTE LATENEE 6 m 60 10 21.0 1.284 1.463 1.138
R RE I 2 [T | G SRt bl e
FIRRREREE 7 A 50 25 21.6 1.28¢ 1.40 1.089
50 15 21.0 1.284 1.405 1.099
50 10 21.0 1.284 1.41» 1.100
60 25 20.0 1.279 1.444 1.124 1.0475, 1.0619
60 15 19.0 1.273 1.445 1.134
semiiree LRC 60 10 20.7 1.283 1.461 1.135
0 P B e
MEEN 50 925 20. 2 1.28¢ 1.394 1.09¢ 1.0332, 1.0440
50 15 19.6 1.27q 1.40¢ | 1.097

50 10 20.8 1.283 1.414 1.10p
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Table 4. Effective Resistance of 850 mm? Segmental Conductor Cable

(Same Direction Strands, Enamelled Wires)

b o """"'T"""'7""":f""""""""""""""""""""""""""7""""""""T"'“"""""'

- & i #l s ES #F :ﬁu‘tﬁmﬂf G50 Ragc XK i 1 $l Rac | RacXRdc i Rac;’fRdc
3 1 . | . | | : | )
R (V) | R (em) | @& B (CC) (X1075Q) (x10750) | % W @ | # B fE

60 25 15.2 9.01 9.24 1.031 1.0429, 1.0558
60 15 15.2 9.0 9.3p 1.039

B [ =l . TS (— | S— S | SR R e

AEZN 50 925 15.2 9.04 9.1g 1. 020 1.0297, 1.0392
50 15 15.2 9.04 9.1g 1.02¢

a0 10 15.2 9.01 9.25 1.025

% b5 #* 850 mm? S;EIEfk sy — 7w (REBRAFEKY, EBEHEE) o Lass
Table 5. Effective Resistance of 850 mm? Segmental Conductor Cable
(dame Direction Strands, Oil Impregnated)

” - \ #l JE ES #F T # 4E H Rao & 3 4% 3 Rao | Reo/Rie | RuclRas
e (V) MR Cm @ ECC) | (X0 | (x1040) | s oW | # F M
60 25 9.5 1.747 1.84¢ 1.053
60 15 9.0 1. 704y 1.84 1.054
R D vV AEYE 9m 60 10 9.0 1.744 1.85; 1.061
e e [ S L S SR P
SEEHE, WIEHAKE 50 25 9.5 1.747 1.813 1.037
50 15 | 9.5 1.747 1.815 1.037
50 10 l, 9.0 1.744 1.827 1.04¢
60 25 11.0 1.75¢ 1.839 1.045 1.0563, 1.0731
60 15 11.0 1.75¢ 1.83¢ 1.049
CRWETE L, MUEEE 60 10 U 1.769 1.85¢ 1.04¢9
i) NS | N SO . I ol e
BUE 7K 50 25 11.0 1.75¢ 1.815 1.035 1.0392, 1.0516
50 15 11.0 1.75¢ 1.813 1.032
50 10 11.0 1.75¢ 1.82¢ 1.03¢
60 25 17.0 1.804 1.903 1.05¢4 1.0535, 1.0697
60 15 16.5 1.799 1.89¢ 1.053
sis U, 1EREN 60 10 16.5 1.79¢ 1.904 1.054
jﬁ% L’;?': {:J} s e L T £ a3 Gy ikt St e e Ll o e A 13 . T N T
BI5E#7K b 20 a0 16.7 1.80¢ 1.877 1.04¢9 1.0375, 1.0491
50 15 16.7 1.80¢ 1.877 1.045
50 10 16.3 1.79g 1.877 1.045
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Table 6. Effective Resistance of 850 mm? Segmental Conductor Cable

(Oil Impregnated, Non Insulating Paper between Segments)

-jf - lﬂil ;E % ﬁ" ‘ _L_Fki: fﬁ 'HE :J]'f. Rdc ‘ ’K ﬁﬂ “ﬂE ﬁl__}Lﬂ Rac : Ruc/Rdc ! Rao/Rdc
i | B (V) | B B (cm) | B E (CC)| (X1075Q) % (X10-5Q) | % @ & 3 B' A
60 925 9.2 7.79 8.31 1.06¢
60 15 9.2 7.79 8.35 1.074
REEH v ESE 4m 60 10 9.5 7.8¢ 8.63 1.104
(. ‘!&:: 1 ¥ ':‘ﬁl _p-l'—- e - - Tt ) : -------------------------------------------------------------------------------
BUGEBAE /K 50 25 9.2 7. 70 8.10 1.04¢
50 15 9.2 7.79 8.19 1.059
50 | 10 9.5 7.80 8.38 1.079
60 25 11.3 7.84 8.36 1.067 1.0558, 1.0724
60 15 117 7.87 8.41 1.063
AT Sl DS TAT s 60 10 11.5 7.8¢ 8.62 | 1.09¢
B e o | s SRR O NS | O
AGER7C 50 25 11.3 7.84 8.1a 1.043 1.0392, 1.0513
50 15 11.5 7.86 8.21 1.044
50 10 11.5 7.86 8.31 1.057 |
60 25 17.6 8.04 9.0 1.130 1.0535, 1.0690
60 15 17.0 8.03 | 9.09 1.314
i L9 1 EEE 60 10 16.2 8.00 9.2, 1.155
MCitE LR DD | : etrre TS e s A | e rinids RO (SR 44
[ s 7k 50 25 18.6 8.09 8.79 1.08¢ 1.0366, 1.0486
50 15 16.7 8.09 8.80 1.09¢
50 10 16.6 8.09 8.95 1.113
4 7 % 850mm? B LMLy — 7 v GEgH, AR o KR
Table 7. Effective Resistance of 850 mm? Concentric Stranded Conductor Cable
(Non Separated Core, Oil Impregnated)
EE=c .t l s ‘!__ 'L' fﬁ:; ; —|+ ' | - = = T
5 # ] E B # H 3 48 Bl Rae I’KﬁmﬁRac Ras/Rae Raoe/Rdo
AE (V) | BB (cm) & E CC) | (xR | (x104a) x OW | i ®H HE
60 25 8.5 1.771 2.235 | 1.264
60 15 8.3 | 1.7 2.240 1.26¢
D VLS 9m 60 | 10 11.2 | 1.79 2.305 1.283
_Aﬁg;e}%-ﬁ-x— e ,_? """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
IR e 50 25 | 1.771 2.11¢ 1.194
50 15 | 1.769 11 1.193
50 | 10 | 11 1.783 2.164 1.214
- i e _' = | e Lo, .l EN,____ 15N
60 25 10.5 1.785 | 2.230 1.245 1. 2445
60 15 | 10 1.784 2.24¢ 1.25g
SRHETE U B E 60 10 8.9 1.773 2.280 1.284 |
o o NS T PR T e o
HE FE 7K R 50 o5 1.780 .09 1.18¢ 1.1803
50 15 1.780 11 1.185
50 10 1.777 150 1.219
60 25 18.0 1.84¢ 2.280 | 1.238 1.2317
60 15 18.0 1.84¢ | 2.295 | 1.24¢ |
BRAETE LI 1 4 R 60 | 10 18.0 1.84 2.34¢ | 1.270 |
A E LTz b L L3 ] s e e e A S o e k£ K ____________________________
52 g 7K 50 | 25 18.0 1.84¢ 2.165 1.17¢ 1.1716
50 | 15 . 18.0 | 1.84 2.17¢ 1.18¢ |
50 | 10 18.0 1.84¢ | 2.200 | 1.19;

S, RO
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Hitachi Silicone Varnish for Coil Treatment

Is Best for Hitachi Class H Glass
Covered Copper Wires
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