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Abstract

When main cables are to be laid at a power station, the first item coming in
economical consideration should be how to increase the effective current capacity
of the cable. The use of segmental conductor is just one method that accords with
this purpose, it being positively effective in the decrease of skin effect. The
decrease of current unbalance ratio through a proper cable arrangement provides
another method, no less important than the former.

In the planning as well as in actual installation of main cables for the No. 2
generating unit at Chikujo Power Station, Kyushu Electric Power Co., full consider-
ation was given in this direction. To mention briefly, nine 15kV 850 mm X1 c (seg-
mental conductor) paper insulated cables are laid in parallel to serve the generator
rated at 13kV, 64,700 kVA, and these cables were installed in the triangular three-
group arrangement with central group double-transposed at 120 degrees. By this
type of arrangement, the current unbalance has decreased to 5.3 per cent, and the
effective resistance was decreased by about 20 per cent. As a result, the temperature

rise of the cable conductor under rated load was decreased to 15.3 degrees centigrade

at maximum.
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Table 1. Structure of 15kV 1 ¢ x 850 mm?
Segmental Conductor Paper In-
sulated Power Cable

A & | 850 mm=2(63/2.1X4 434)
#% 4k 4 & (mm) | 37. 4
A 73 E  (mm) 4.6
Mo & S B (mm) | 47.8
én # E (mm) 2.5
o # 4 & (mm) 52.8
$ . — F E (mm) | 2.5

-7 O (BER) (mm) 63.0
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Table 2. Measurement Data of Effective Resistance of 850 mm? Cable
(Concentric Stranded Conductor)

i | s . | i s B | |
‘ moOMe %% b — 7V it B EEEH(Rde) | SZHEi(Rac) | Rac g W Rac e
| | ——— & - -
O ) | tem) C) % 10-4 0 Xx10-49 | Rde Rdc
| 25 8.5 1,770 | 2,235 1,262
60 | 15 8.3 1,768 ‘ 2,242 1,268 (1.2459)%
g = |
1% & 9m i 10 11.2 1,792 | 2,305 1,286
- S | — — = E——
| |
AR A < 25 8.5 | 1,770 2,110 1,192
50 15 | 8.0 1,766 2,110 | 1,196 (1.1819)%
10 | 11.0 | 1,790 2,164 1,210
[ |
25 10.5 1,788 2,230 1,246
60 15 | 10.3 | 1,786 | 2, 246 1,258 1.2445
# %) & 9m 10 8.9 1,773 2,280 1,283
o B I 25 9.8 1,780 2, 097 1,180
50 15 9.8 1,780 | 2,110 | 1,185 1.1863
10 9.3 1,777 2.150 1,207

* HREEEEORCEE.
g 3 & 80mm* 4 F | & 4 — 7 o g 3, ofr A W
(F R BEATHEE V)

Table 3. Measurement Data of Effective Resistance of 850 mm?
Segmental Conducter Cable (Insulated between Cores)

= S I - -l_ “I =Ty el
Moo ¥ b — 7 B s FE H A (Rde) | E&hiHi(Rac) Rac - Rz
= ! gt - e s om
() (cm) °C) L X10-4 9 X10—4 2 Rdc | Rdc
| 25 9.5 | 1,728 1,840 | 1,065
| 60 15 9.0 | 1,726 | 1,840 1,067 | (1.0565)%
i % & 9m 10 9.0 1,726 1,851 1,073
e e = - , e =
A T 25 9.5 ‘ 1,728 1,812 | 1,050
50 15 9.5 1,728 1,812 1, 050 (1.0396)%
|
10 9.0 ? 1,726 1,817 1,057
25 11.0 1,740 | 1,832 1,055
60 15 11.0 1,740 | 1,830 | 1,054 1. 0558
£ % & 9m 10 11.7 1,742 1,850 1,062 |
o w9 | 25 11.0 1,740 | 1,815 1,043 |
50 15 11.0 1,740 S 1,812 1,042 | 1.0394
10 11.0 1,740 | 1,820 1, 046
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Table 4. Measurement Data of Effective Resistance of 850 mm?
Segmental Conductor Cable (No Insulated between Cores)
e T r | - T
A ¥ & —TIVEGE & & EiEiEHi(Rde) | E&hiEHi(Rac) Rac T Rac .
= 3 . == ' > Tl
o & () (cm) | °C) X10—5 0 %105 2 Rdc < W B Bl & W
95 9.2 7.67 8.31 1.082
60 15 9.2 7.67 8.35 1.086 (1.0570)*
A7 % & 4m 10 9.5 7.69 8.63 | 1.121
o B A 25 9.2 7.67 .10 | 1.056
50 15 | | 7.67 8.19 1.067 (1.0405)%
10 | 9.5 7.69 8.36 | 1. 086
25 : 11.3 7.73 t 8.36 1.081
60 15 11.7 7.75 1 8.41 [ 1.086 1.0568
i & K 4m 10 11.5 7.74 | 8. 62 i 1.113
o W IE 25 11.3 7.73 | 8.18 | 1.059
50 15 11.5 7.74 | 8.21 ‘ 1.061 1.0395
10 11.5 7.74 | 8.38 | 1.081
| |
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Fig. 3.

Laying Diagram
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Table 5. Measurement Lengths of Laid
Cables
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r—T | & fi ‘ b7 L ‘ £ = ‘ r—7n | 5 J&
# 5 (m) | &% % | (M) | & = | (m)
U, | ades | Vi | at20 | Wg | 4480
Usg 45.80 || V5 | 44.05 |\ Ws | 44.30
Uz ‘ 43.15 | Ve | 4265 | Wy | 43.30
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Fig.5. Cable Arrangement in Duct
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Fig.6. Arrangement of Cable Heads
(A) Transformer Side
(B) Generater Side
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Table 6. Measurement Data of Cable Current

THEER | A BB

,b—___ ik L | %ﬂ : ’5" — 7\‘ bl
7 ' Eﬁ G:f it |
® & (V) (A) (%) (")
Uy 0.775 810 —2.90
Us 0.780 815 —2.40 59.8
Us 0.835 880 +5.30
Us 0.800 835 —0.20
Us 0.790 830 —0.80 59.8
Us 0. 805 840 +1.00
Wo 0.800 835 +1 83
Wg 0.800 835 +1.83 59.5
Wo 0.755 790 ~3.65
(2) F—7LERAERR
r— 72 VERONECIEE 40 9 Eorig: C.T.
2L, #, v, w OFKr — T ABRETCNTH, &

& A EREZNCE L, B 6 I OWERIETEH S
%, CAHUC L B EEIR T RIIRK 5.3% THD, &
ro— 7L DT T HIR D B AV FE i RS - iy K
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Dy —FT N Y7 2 2 ARFTHICE W TEK LicTcd
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N, B XOAEEGMRL EY X2 FNO 3 EHANCk
W CREEE U, HERRC BT 5 2 BFEERO

RO E <7, am.9.00~p.m. 3.00 OFEIZIE—-ETH

S ol

2 BEEEEH . . i 55,000 kW
2 BERTREERIIE . e i e s s b s 12.8kV

TR v cornnisia w & 6 5 & & simowess v ¥ 59.8~

g 5 O P S 0.9
A S o == A T 2,610 A
UV FH 2= B Bl o ocvvenernnceiancanns 2,630 A
0 P G B P o enenin b e d G b B 2,630 A

H%E1E p.m. 10.00~a.m. 3.00 {2 >7- D CfriiLichs,
FOMr —FAEERBEIIIGEA L —ETH2, —H#
P UCERESARr Eb X2 27 Sk %l EkEa %k eE10

— 89 —



1168 7 Fn 29 £ 7 H H AL 7t o 536 % HTH
BTR r— 7 rEBHEOEHERE X T 3 1
Table 7. Ratio of Cable Currents to Average Cable Current
= === l = ; =El. = ]
| b - 7 v B W/ F B B ik
X B F B |
Uy Us Ug I' V4 V5 Vﬁ Wr WS Wy
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Fig.11. Temperature Measuring Points

at Generator Side
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Fig.12. Wall Surface Temperature in

Generator Side
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Table 9. Temperatures and Surface Thermal Resistivities of
Cables
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