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The Calculation of Electrodynamic Force between Overhead
Line Conductors, Conductor Mixing and Prevention
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Abstract By the calculation and analysis about the electrodynamic fotce in short-circuit cases on 3-phase a-

c overhead lines with various condutor arrangements, this paper acknowledges the effective factors on the elec-

trodynamic forces, recommends useful measures to reduce the influence by them. The paper also provides

Normed figutes in order to easily find out the magnitude of the electrodynamic force, and the deflection of

conductots under the force, thus the cleatances between overhead lines can be checked.
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Table 2 Characteristics and peak of electrodynamic forces on 3-phase conductors when horizontally arranged

ut

551} Phase A H§ 54, Phase A conductor 1 B # 54k Phase B conductor C &4 Phase C conductor
rd » fe
#3184 T\. |
(] .
A fom St
| 360° | t 180
Characteristics 0 0
fe

of electrodynamic

w7k

/

<
AT/EN

force

WA Peak A 16 107X = A 1. 732X 1077 X 11 A 1. 616X 107X
fam=-1. 616 X 1077 X = fomi = —1. X1077X = fom =—1. X107 —

(ANBKE a a a

maximum 2 2 2

value) (N/m) famz=0. 116)(10'7><—a2

I
Afp=1.732X1077X —aﬁ

Alcrnz=0.116X 10_7XI—;"-

“ 7 F5%F ] Means repulsive; “-” ﬁﬁi%lj‘] Means attractive
#ie. MTFER—-THEHLFTHAEH=MHIA:
(1) $[F— B BTl = o 000 R 3 1 ARk Bl £k a

B 1R, ZEBEEMBE L IMHEEXA.

(2) Wi SLB I NHBRKEMF ; 1 EHE

REMBREDHLHBHEHI K, HEHBEER

1.732
1. 616'—1° 07 &,

2.2 HZHBR=ABHIE, FREGHSKE

A B C
————— q+_ ..... —qL_
s :) 4 i«
0 \
=~ T
q
—_—y = — g _.\_\_,_
360° 360° °360°
y wt Jy wt yout

H1 SLHKTHRNN EHE N
Fig. 1 Characteristics of electrodynamic forces on respective

phase conductors when horizontally arranged

CHRE 199445 EI1BE2H

Ry B RS AR, RZH SRS ARHERLEE

BARREM, airigt, HRKE f 5K 2 # fon

At EARR, (BT R A 4 oR 30O R 2 AT Y R 4

WA 2 BiR . REFRANER—E, B
: fn

E2 RA=MHFIEEHE3 e B
Fig. 2 Characteristics of electrodynamic forces on respective
phase conductors when triangularly arranged
TKBREFBEHEBIF S, BOERINERKE.
AR EWERZ B ST RAKFTT £ mes
fop = fucos30° = (. 8661, = 0. 866 X 1.732

X 1077 x fm = 15 1077 x Lo (N/m)

B A R = AT HERIRS 8 12 Bh A9 B B S 9K -4
61



1A HREIE ST KV HES I S8 86.6 0. IEZ,
FHAKTHERI
2.3 4=MHIFAEFHIIN, BINGEITES
KFHER i 58 & — e (HR LAY B) H AU IR S
ME S, AREELEZES; [T ARG S
HTES, BhSRERREEE. FRLEEHINS
K—BMARRK.

R ES#T R MRS HE B AfaR) 1918
Ol. AR KEIREERBLOERLILFREEN,
KNG EMHRFRGHBRE GSHFED AB3H.
BT EREREE TSR, Az hthR2E R, &
BEIRTHSE (B3 HH. MERFLEDR

3 AEBEHILBE

Fig. 3 Wave form of short-circuit current

4 P ARG ETHY B 3 SR
Fig. 4 Wave form of electrodynamic force under biphase

short circuit

KHURERBERE—TAPNORKRENBRS S E
I SR = A 4 e B A AR L R A B K I (B8R
B, EEETEEERIYBEHKESER) AR
B E A, 3R = A s A S R B i
BAAKX (AAEBBRE IR kA HRAL, Bl
REX107', TARX107), HI

»?

& =1.732 x 107" X =

?

& =1.732 X 107! X =~ (N/m) (4)
R 1) 17 4B = AE S B B R B .

BF 1P = @1}:’ = 0. 8661, FfLA7EAHRIH

HTHAHERNGBE NI =HERE A

86.6%. FTHRAEUASMERBIAH R3*) K

KA, HHHESFLKTFHER R (BT B=AHERD
62

(N/m) (3

SFAMBENEIFLMELIES.,
3 SEREBHSH
3.1 KFHI (KFHIIHSSRERENERE
X
L SLRARE, ENAEIER S(H 5,

| . L,
Ian o fom
ENESA
> Dy 8 Dy
B 5 Fig. 5
s=a— (D + Dy)
AP — FHRANEN S fan FHFFLBAYRTE
HEH (m);
A Dy— FELBHIHE BN fon [FH ) F LA AR
BEEH (m);
BT fam RN, HRTRIT IR A RSN W,

17 fam INE BHESFL L. BRSBTS,
fm = fAm +me = (0- 1]6 + l. 732) X 10—7

X %’“ = 1.848 X 1077 X 17“"= 1. 067 fom

BT HEMERIEDNNERER ES ey KA
EH,BTEL L. 067 fum J118 BLE RS 1. 067Ds, Fr L B
V&R S

S=a—1.067D, (5)

LS R, e IR R R Ak E
R BERFRIFARIE - FILMFE XKE
BAER,. —E&m T HIZENFEE /MBS (7
BEPH A1 69w, WL 6),. X B S 2 B Ay r e

& 6 Fig. 6
8RR S = a(Da + D) [ABERIR fam TMEIB: ¢ -,
B £ -2 B 44 8 3h ) (RAERHED
So = Fam + fom = (1.616 + 1.732) X 1077

2 2

X %’" = 3.348 X 107 X Iﬂ—"‘: 1. 933/,
[F1 32, P £ 2 (8] 49 Hem BE & Wl
S =a— 1.933D, (6)
ATETHEHZABHEIHTE -G D, 6)
RIL S W,

» BRIt TEH L GAFER, Lh

Guangxi Sciences, Vol. | No. 2,May 1994



§=a— 2D (6)

KRR (5. (6) FI41, R/ HAE R L E
PR EAREE SR BNET T T DX A AR B
SEEAYIER .
3.2 ZATHN (SABHISIN ML RERED
A3 w

BT O 248 %), [ MLk B FE R RO B3 TR Rt
KBNS fo BIIKTF52 T Srmps frn = 0. 866fm FATEA
1 Sm (& F Sum) BFEERAYEE Do o LLESE W1 o
Fir 1 AR A9 (R ES B4R A Da = De = 0. 8660w, HLEL R UL
SR = AT HED AT 2R &Y R B B K T HE S i o 2 1R
B4y 86. 626, LA THE BT & A9 8 BT LA % )5 & 893t
HAERIE 0. 866 VAT fH2H K Da = Des FRLAPIF 2L
AT RE & S W 2y

S=a— 2D, = a — 2D¢ (7)

Wi O 2485 oK FHES B BEE IE R S il bR
A AR PE RS « K 2 R KRBT HE GU ).,
XEE IR RKTFHETE R Z ARHET . AxUR -5
T

4 SHRBIREEENITH - HRERE

AR B S A S R DUS H R KR
% Dy, JIHFEG, TRD , (28 3 1 (UL R SRS 2R
B2 —, TIRRME— S, PR, SRRE
KEH EIERHAARS) MEEH (BHEFRAE
HAKED B A1 T RERBI . MAEARE
SRS TR, TRAYHAK; LAEMT S
AR F TR, REE R AR,

& 7 Fig. 7
TEKFBIBEN ST fo FIEE ) T AR H g0 Y
GEERTMAE D, SLE R ERS (H8) FARE
- BB A P S EE T E AL AR RS
0, B0 MR IFLFZKTHEERENNETA,

¥ & Iig. &

B
0= g~ fg-o'ﬂ (8)
HEEEPE— S8R A 0 BAERE . EE S RBE
BINARE, 5Z500EFX, HYSLEK A
EHRK, FLZANRBEER, KEMREAERE
FEINE, FREREN, FFARINTATERK SO R
¥
PREE O 19944E5 A 1 BE 2 W

D= fg *sin0 (m) (9)
K fa—— FABRMALATME (m);

FHHE S mMES D MR EE S 115 R
BT .

() RIBEREE o £ H K PE o FIRE (k) B
G HHEERKBEINS v

(2) BIFBEH S S ML EH oo B HHE
HELRKWA

(D RBMW Ao FLLINE f VDO IHBELR
2R KR DOEE = AR ST E 5 0. 866);

(4) WRAFRwEE D AR BER o 17 HE B
SLREI T ER S. % S /TR ERR, LAk
S A M /N FEBRR R & w2 R 2k

PRLL 1981 G2 7 A 19 H M T FHRBAE 963,965 SLAF
10kV £k, HA P EERBEEZRLE LA IR
AR, BRI 137 ~ 14" HEI SRR NG IHE
MF.EHEL=775m,2&Fae=0.7m,fs = 0.88
m,52% LJ — 70,90 = 0. 19 kg/m, = {5, I. =

3.5 kA,
3.5°

— ~1 oY
fF=1732X 10 ><0.7 3.03

= 58. 43 (B

(N/m)

g 3.03
=% 5.19x09.8
— 0.866 X 0.88 X sin58. 43° = 0. 65(m)

§=07—2X065=-0.6 (m)
B LA S ERIR SRAT 42, '

AR AR RS = A ("
10); A BB ENS £ BRI B i ER A 0 895
A C. HHEIREE DAY . N T R E,
#iE M ER ARUS SAEE Y — K. wWE 9 HiR.

0

fs WNIE D 6 @
T

408
T 7 T

/////’

C. DM B. o FE MM

Mo HEREE
Fig. 9 Nomed sketch
I A A
1) BEHa.da,RIREE D,
(D REE oMo, AR LEHHEOA;
2) REORMPFELRE, EBELRHEOA;
63

A. f R




(3 ECHLRHEORFENAD , REQ
FSLMESEC B ERTLRGMED . AELR
KEHER B9 fREE ; = FHESIRIFE 0. 866,

() BEAR (O HHFSRITIIEH S,

WUAEET “7 - 19”7 BECYE, A ERERM, o
= 0.7m,0m =3.5kA, WA HERB [ =30N/m, X&
K FANLI—-70, A BEHER 0=59°, 7 C A L
59, XEH fs=0.88m, ACEHLERD=

0.75 m, 3 0. 866 5 0. 65 m, H5EaER—-H,

2) BHSLWEMEEER, RAREFIA
Mo g R /MR FIRE R . X REE IR E A SR 5B
Big—A offl, LR ERE DR RIEEE S
T A TR A AR IE R AT o BERFY
R ER/NEEER. B T - 197 FECHH, R
18 % 5 JE VA 4% 1) 7 Bk ey 5 g 4R P T R A e BE
0. 2m Y B/ R FIBEH R 1. 22m,

FHIE (m) WRIE Dim) o BA o SRS
2 1] 2'0512.82 89;,8#80 789.9 TLBI—185
2. 01 L6f ssf00  J8s.85
L2 . 1.4 acf o0 89. 8
.8 .2f 89.7 3z

40 h .

1.7 Lo 9 35t 189. 6 ~B1F1 FN/m) ZREE a(m) L LBI—150
L6l o.8b® 89. 5 540 1.5
1. 54 ““lo. 7 30E28 89. 41 500_——400.‘ 1. 45 El. 4
1.4]1-45 0.6} 25[ ©° 89 23 300 BE ) asfl 41y 1851 Lor—120
1 4{1:35 0.5} 22| 888% 250255 m(A) 25k "2
+ 9] . 4L o 88. R rl.
L] 0410 35 18b 2% B8] j0p1203 190 30 1155
s 0.af 16 87,51 80 ] 55 Losp W10t iar—es
L1105 0. 25} U 6y o B0 35 0.95¢ .
1.0 0-2 .18 2r 8] =% w2 o.85f

10.95 0. 16} 11 25120 op10 L 0. 8 LJ—1207
0.9 { Q.14 IOL 801 15 8 0. 75k

0. 851 0.12f 9 75 104 i '

0. 8 4 L 0. 1 8 g0 [6 0.7 L LGI—70

0.751 099t .08 A TS A 0.65f  Ly—95
0.7 0.07} 6 22460 4.0, [ 4 F 0. 6

] 0. 06 ] 3.01 3 0.55}
0.65 [ [ 5 o] [
0.05 5 45130 2.0 2.5 I
0.6 4 - 0. 04 [_4‘5 3514 1. 51 18L2 0.5
0. 035} 4 130 1.0 1857 0.45)  Ly—704 LGI—50

0. 55 0. 03 3.5 25 2 1.4:1 2

0.5 0.025} 3L 5120 0.5 [ 0. 4
0.02 } {12 0.3 |

0. 45 o051 2.5 lg; 3 0.2 0. 35 L 1L.GI—35

0. 44 0.012} 2r 515 0.12 0.3 1y—35-
.01} ]

0. 35 ! 1.5 3
0. 007} Le]

0.3 0. 005 1) Li—50

B 10 fmEE it HIREE Fie.

A. R85 A Nomogtaph for electrodynamic;
C. i3 1R5E D %K B Nomograph for deflecxion D

5 FEREzhENE B LK
FELABITFH, N T HERDIER T AL
R3 HAKATIRASLKHME

Table 3 Deflection of various conductors under the same condition

10 Nomograph for deflecxion
B. 1+ 8 W 0 3% & Nomograph for deflecxion angle 8 ;

BR, REPERESR 1. 22 m, AR IR LA
3.5 kA; TSR K 10 kA, WERLHE RN 1. 72 m, AL
R BE R e S R e 3 h
B AR A AR (LR 8

Ramy . o B 5.0.6 ZUMREE, AT EMABLE
Type of (N/m) o D (m) Comparison Rematk
conductor YERY A REIR 20058, iRl T X — &L,
L3-70 30 59 0.75X0.866=0.65 A?ﬁfﬁe 5%%85:5 BN R T L E) R LAY
& /J\ E’Jﬁﬁ&g ﬁmt&m!
LGI-70 30 49 0.4X0.866=0.35 By S AN RAMBEIERK, =ARE
) SATERTEE ey 055m BNk, BEHSRIF. FIAEEH

64

(558 40 7T Continue on page 40)

Guangxi Sciences, Vol. | No. 2,May 1994



5 Critser E S, Leibfried-Rutledge M L, Eyestone W H, et al. Ac- bovine oocyes. Theriogenology, 1993, 39; 294.

quisition of developmental competence during maturation in vit- 17 McCaffrey C. McEvoy T G. Diskin M G. et al. Successful
co-culture of 1-4-cell ova to the morula or blastocyst stage. J
Reprod. Fert. 1991. 91; 119~124.

Nagao Y,Saeki K, Kainuma H. Effect of oxygen concentration

ro. Theriogenology. 1986, 25. 150.

6 Saedi K, Hoshi M, Leibfried-Rutledge M L. et al. In vitro fertil-
ization and development of bovine oocytes matured in serum- 18
free medium. Biol. Reprod. 1991, 44. 256~260.

7 Eyestone W H,de Boer ,H A FSH enhances developmental poten-

on the development of in vitro matured and fertilized bovine
oocytes cultured in a protein-free medium. Theriogenology.
1993. 39. 273

Larson R C, Ignotz G G, Currie W B. Development of in vitro

tial of bovine oocytes matured in chemical defined medium. The-
riogenology. 1993, 39; 216. 19

8 Harper K M, Bracdett B G. Bovine blastocyst development after fertilized bovine embryos ‘beyond the 8-cell block using com

pletely defined medium containing fibronectin. Abstract Series
No. J. Reprod. Fert. 1989, 3. 20.
Larson R C.1Ignotz G G,Currie W B. Defined medium contain

in vitro maturation in a defined medium with epidermal growth
factor and low concentration of gonadotropins. Biol. Reprod.
1993, 48. 409~416. 20

9 Zuelke K A, Brackett B G. Increased glutamine metabolism in ing TGF-p and bFGF permits development of bovine embryos

beyond the ” 8-cell block™. Abstract Series, No. J. Reprod.
1990, 5. 22.
Brackett B GG, Zuelk K A. Analysis of factors involved in the

bovine cumulus cell-enclosed and denuded oocytes after in vitro

maturation with luteinizing hormone. Biol. Reprod. 1993, 815 Fert.

~820. 21

10

Iritanin A, Cheng Z S, Utsumi K. Effects of follicular factor
on the IVM-IVF bovine oocytes. Proc. 12th Int. Congr. Anim.

in vitro production of bovine embryos. Theriogenology . 1393 .

39, 43~64.

Reprod. (The Hagues), 1992, 342. 22 ShiDS, LuKH, Gordon I, et al. Variation in cleavage and
11 Larcocca C. Kmaid S, Calvo J. Effect of follicular fluid and embryonic development of bovine oocytes in vitro fertilized

estrus cow serum on maturation, fertilization and dévelopmen[ with different bull ejaculates. Theriogenology. 1993, 35, 271.

of the bovine oocyte in vitro. Theriogenology. 1993, 39, 253. 23 LuK H, Polge C., A summary of two-year’s results in large
12 De Azambuja R M . Moreno J F, Kraemer D, et al. Effect scale in vitro bovine embryo production. Proc. 12th Int. Con

of gas atmosphere on in vitro maturation of bovine cocytes. gr. Anim. Reprod. (The Hague) 1992, 3. 1315~1317.

Theriogenology. 1993. 39; 184. 24 RN B4R, WAAEE EARGTHEEHER
13 Niwa K, Ohgoda O. Synergistic effect of caffeine and heparin FIIBIL. 863 T4 R E L0 CHE. 1991~

on in vitro fertilization of cattle oocytes matured in cuiture. 1992.

Theriogenology. 1988. 30; 733. 25 Kajihara Y. Kometani N , Shitanaka Y, et al. Pregnancy rates
14 Park C K. Ohgoda O, Niwa K. Penetration of bovine follicular and births after the direct transfer of frozen-thawed bovine

oocytes by frozen-thawed spermatozoa in the presence of caf- IVF embryos. Theriogenology. 1992. 37; 233.

feine and heparin J Reprod. Fert. 1989, 86, 577~582. 26 Kruip Th A M, Boni R, Roelofsen M W M, et al. Application
15 Magquant- Le Guienne B, Thibault C. Fecondation in vitro of OPU for embryoproduction and breeding in cattle. Theri

d’ovocyes bovins matures in vivo ou in vitro. In 25th Coll. ogenology. 1993, 39, 251.

Soc. Fr. EtFertil, pp. 145~150. Masson, Paris, 1987. 27 AR, STiHe. SRR AR RIXT 4 5P SR AH MR SR AL B Y R

16

Rehman N, Collins A R, Wright Jr R W. Effect of sperm expo-

sure time on in vitro fertilization and embryo development of

. BRI, 1992, 11 (4, 66~72.

(FRiEmE: HD

(1256 64 TT Continue from page 64)
BEKA R, ETRE5HAIETLL, BRI

LR LGI—70 WARLAE LI—70 JRE /D 37.5%.

e pd

BUCRAZ ARSI WESFF R RUCRAEEN | s s Somm s hmmm S 45, .
. B T R, 1083, (2) .
WMRBEMEGLE FFRBKLERINEE 2 V5% SERBESBANA. L5, HEXS .
2%, mEE Dk 3 FR. 1989.
AL HF 5 2030 S 900 58 40 28 3 /D D o 2R B 3 KEM. RERERKITITHEARMA (SDI206-87) REX

TR B 3 R AR B A, HORREF . & 3 WSE

40

WL JRE . KR g L

RiEHBE: RBHEL

Guangxi Sciences, Vol. | No. 2,May 1994



