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Abstract: The holding pole is a special lifting device for the construction of transmission towers. The optimiza-
tion design model for the holding pole was established. The minimum mass was set as the optimization objec-
tive. The cross-section sizes of members, the connection modes of auxiliary members and the coordinates of
the rocker joint were set as the optimization variables. The allowable stress, displacement and buckling coeffi-
cient were taken as the constraining conditions. An improved sine cosine algorithm (ISCA) was proposed to
carry out the size, shape and topology optimization designs of the holding pole. For the ISCA, the Lévy flight
was introduced to enhance the global search ability, elite guidance strategy was applied to enhance the local

search ability, and the greedy selection strategy was used to update the optimal solution. The example shows
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that, the ISCA can effectively solve the optimization design problems of spatial truss structures.
0 7l

.

=

2024 4F 3 45 &
Key words: sine cosine algorithm; holding pole; truss structure; structure optimization; finite element analysis

JONF R — PRI E A%, T 21 S7 A r R AT DR TR 2 )

ZREEH LA R s gL s A

A6 A/ T i U A, 5 XA SS RAEA 7O AT, PR AR A kT i [ T 2 AR Bt S ARG A v
1520 mm A BCPEHFFEAHETT T RS IL A 7 RAE 2 R T B R I AL & , 45 750 mm #50THT XURE B AT
ZEREAT T RSP, B T ooR R URA AT S R e AL 5 T A0 P .
TOJA R A A B T HA A 28 RSSO AL BT, R 255 2 SR HIREL 1 DA 330 X IO Jin 3
WA T TR AU AL A SR 20 st 1% S 0] AR I FE S SR F A 1 58 S 5 DR 2 HEA T TR BT 58

BB AE R YT e (T R A T A L R ) B IR A T R A 2R SO R Bt (¥ A A )
AR AL T H 2 BRI RS FN5X 2 TR K. Souza 5517 32 FH 8 J SRV R ] 9 480 R A0 v i oL Ak

77 RSE JER A ML Khodzhaiev 25 { F—Fh ] 19 [ 28 25 (1 28 4 3L PR 21 | st A vk b AT oie st | X 4
HLIE AT T RSE TR AR FMIE A Fiore 251 (i ] 22 3 AL 553 % 5 T 25 0 LA A
R Renkavieski 2511 Z55R T +H4E K 0 I & B EAEMT

stk

Yt
FIRA 7 0.
AL, SRIFGEAE T SCA Kbt (E HLAEH

AT T RGHATE
N RGBT R Ewees 50K SCA 5N THERERALS &, it T Z P (E I8 3 1 AL Abualigah 551

A SCA gL ok B AR 7 B . Abdel-Mawgoud %" BEA SCA SR AT PR i 1 L R Ge 42 1
AT RS SRR b— AL BT
|

Fralt
IEARTZA: (SCA) M & — A4 i T R AL Ak B T2 R AL 1) B Attia 4512 4 HOHT T
1.1

UREER AL T T OB S T R,

ARICHE G T — B I TE ARSI (1SCA) , 25 451 RO AT BT I7 HX 700 mm 8 0 XA B HAT 45
AT S A BRoT A

AT EA

X T AR AP HTAY 700 mm I 7 300U BB SRAT BEAT 0 A IE 5T, NPT 1 7 SEAT S5 A A 46 BT (id B
FINGE B ) MEFFFIRERE = F 200, AR Il SR8 RPN T2k A i 4 25 il B 25 #2400 FT e 120

=]
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m , B R SF 500 mmXx600 mm JEAT [B155 37 REAN 5 B ik 5K P 5 7005 M 0T S5 2k Rl E 8 GE
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Table 1 The angle steel model for each part of the holding pole
main part auxiliary part
ordinary L 80x6 L 63x5
reinforcement L 90x8 L 63%x5
mast L 90x8 L 60x6
rocker L 65%6 L 50%x6
mass 13.64 t
12 ARTEE
Y A AR 258 AR O, R ORI« b I 1] BT RCE) A RE  XUIED o Bl B el 8 XU
0°, 3 B« g KUa 2 90°, K fF-or 2y 45075 1), AnEl 2 B,
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Fig. 1  Overall diagram of the holding pole
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Fig. 2 Rocker arm orientations and wind load directions
1.3 fHIR
JUFT 32 J7 46 F . XUAar AR B S AT U8 S KN 8 4 ¢ 3 «, i 250 kg, B2 i 22
4R 400 kg, e R TAERGE R 13.8 m/s, KXUXGE N 28.4 m/s .
R GREHLIGT I (GB 3811—2008) , XAk YA A AN T B .

P, =CPA, (1)
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P =0.625V2, (3)
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Mises M. 1R 169.19 MPa, KATE T.00 2, {57 F 55— B MEIAL ; HAE T80 2 B, Bl 1 Mises N J1Ee K, 0 84.48
MPa, i TR A AR H0 2 i H 2k bt T L AR H R 225K ) (DL/T 875—2016) , T-AF T-000 Ji il J3 22 4>
B 2.0, FMVFHIN I8 172.5 MPa, 811N 7150 117.5 MPa, THE S5 500 R B 2R FE AL 2 T,
HUFFTo A 7% e K, A 268.47 mm, [FIFEH B R T R KUT AL, 76 T80 5 8 Mises I 18 K, 4 181.43
MPa, v F 55— T8 MR D AR IR RIS, R0 e 5 B 22 4> R B 1.45, EMF N 712 237.93 MPa,
AN J1°8 162.07 MPa, 1545 Rt i 2 S EOR ; S RO & AETE T00 5,28 252.56 mm T A T80
R B L AN T 2.0 BB ESR B AT, T 2 SR IER TAE T, T 5 A R KUSRBR T80, % e T
5, 00 2 Ja IR e B 22 4 R ACER TR, N ) SRS T S i 2 R fE, BRI UG T80 2 Ry s b T, ml A AR A
b T BXHEFF S T,
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Table 2 Load cases
load case lifted weight wind direction rocker orientation
case 1 41,3t 0° 45°
max unbalance
case 2 41,3t 45° 45°
loading

case 3 41,3t 90° 45°

case 4 - 0° 45°

high wind case 5 - 45° 45°

case 6 - 90° 45°

F3 HTOAHTEER
Table 3 Analysis results of each working condition
max Mises stress o, /MPa top displacement
load case buckling coefficient
main part auxiliary part u, /mm
case 1 166.53 76.47 259.82 4.01
working case 2 169.19 84.48 268.47 3.93
case 3 168.41 75.15 248.93 4.00
case 4 173.19 58.42 243.36 3.80
high wind case 5 181.43 47.94 252.56 3.62
case 6 180.58 44.54 244.19 3.57
2.1 SCA
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15 SCA W, WITR BT AT d 423 (6] FPBERLAE B N AN T8 5 H AR A5 A A I BE A, L
BOYHT AR P, I B A SR B 4 R fe e A, e vh 2« SN SE j 4E R X
X +7r, xsin(r,) x |r,P =X |, r, = 0.5,
X ={ ,, o (4)
Xﬁl +r, Xcos(r,) X ‘r3PJ’. - Xf] |, r, > 0.5,
Horb, X3, R A SR i MRS j 4B PS¢ UOEOH B A2 j R0 5y g ry IR
IR BENLE, Hory € [0,27] 5, € [0,2], 22 Y HT UM AL ;ry e [0,1] 2 IESX AR X HLHI VI BE
MR, r, RAR R HEAETISE, Y, xsin(ry) Bir, X cos(r,) BEAEXEI[ - 1,17 B, B kb7 s
R, HAE AT 2R RN T AV 2 8 R SRR ) 8l T 2 A @ i

r1=c(1—;j, (5)
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algorithm A, A, As Ay As Ag A, Ag 7 ¥s T, T, Ty T, mass W/t
ISCA L 70x6 L 45x3 L 80x7 L 45x3 L 75x7 L 45x3 L 45x5 L 45x4 80 -150 5 3 4 2 10.44
SCA L 70x6 L 45x3 L 90x8 L 45x4 L 75x8 L 50x6 L 50x6 L 50x5 90 -50 2 1 3 1 11.18

2% 4 F0H ISCA 153 254 i & L SCA T/ ISCA RO ALZE R LU AE AL AT FRAIR T 23.46%. 18] 6 £ ISCA
A WAL S P T RO AR AR R AR T T

16 T T T T — T T T —T T
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——ISCA -=main parts before optimization
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Fig. 6 Optimization convergence curves Fig. 7 Stress comparison
T 1 1 1 ] L] 60 T T T T T T
£ —— after optimization —— after optimization
g 350} —=— before optimization 4 I —=— before optimization
\z Ox
g /\’\f/._\_‘ = 50F .
= T I 3
g S -
] £
= 5 4.0F T
&z 2 o
= B 7 b= =]
1 50 1 L L 1 1 1 3 0 1 1 1 1 1 1
1 2 3 4 5 6 1 2 3 4 5 6
working condition C working condition C
8 IR T A% % L 9 JH i REC L
Fig. 8 Comparison of maximum displacements Fig. 9 Comparison of buckling coefficients
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MPa, {3 FInaR 5 i T, AHES T ORAL T, 364 0 SRR AIK 4.01 MPa, fli M4 3 K T 27.87 MPa, MR 37 B8 I0&
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PR T e KA R A AEAE T8 2,20 316.37 mm, Tl R AHOCHRIEEK 3K T 80.22 mm KT AL T, M Fid
MR F143- 50/ N TR FH R 77 237.93 MPa Fil 162.07 MPa, =44 Flk bF 09 5 K F143 51 K 192.30 MPa Fil
148.31 MPa, fi KW 57 T4 — B AL, & AETE T00 5, %65 LUORARTT, 23 %138 in T 10.70 MPa F1100.37 MPa;
I KT F% A 301 mm, [ 2 RVE R, & AEAE T 5. ih 2R 50 3400 R AH DG HILE 1 2K,

4 4k 1w

ARSCHR I T —Fl ISCA, 856 A BROT I, DABAFZ5 0 TR R4 HARXHFF S5 A A T R Ak 1 1T, F2 2245
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2) BESTIFTEER P ARRY | S5 A5 R B, (] ISCA XF H b AT Ak, RERS T | AT (A b A v R~
BEWN 5 R DAL PR TR AT 5 T 52 01 D 5 AT 250 70 D0 AL i B8 4 5 DA 0t R S 35 4 42 3 B
(12 E e St Ak )G S5 F it 13.64 ¢ [0 10.44 t, B IE R 23.46%.

3) ISCA REMEH RO i 28 MM AR 45 1) RE IR AN b — IR A s 3 n) .

B ASUER 0BG IE Tl K2 B EIE (W2019JSFW0503 ; W2023JSFW0622 ) Fil [ [ %2
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