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Abstract

As a key part of large project, tower cranes have strict requirements for the safety performance of
the crane itself and the standard operation of the driver. In this paper, the QTZ5613 flat-head
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tower crane is used as a research object to optimise the lightweight structure of the tower crane’s
lifting boom under the condition that the safety standards are met. Firstly, the minimum mass of
the lifting arm was selected as the optimal design objective. Secondly, a mathematical model of the
optimal design was established, including the objective function, design variables and constraints.
Thirdly, MATLAB was used to carry out the optimal design of the flat-head tower crane lifting arm
based on the interior point penalty method. The results showed that the optimised lifting arm
mass was reduced by 30%, indicating a significant optimisation effect. In addition, the comparison
of static and dynamic performance before and after optimisation was obtained using ANSYS finite
element simulation. The results showed that crane’s intrinsic frequency values of all orders in-
creased. The 2nd and 4th order inherent frequencies increased by 7.6% and 7.5% respectively,
while the 10th order in the higher order increased by 64.9%, indicating stiffness of the crane was
improved.
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AR B AU N KRB AR T B OGS 43, R B AT AR B (19 22 4 M AR 228 gk 0 () BV 45 A et 22
Ko WRIFHAAELERE R, R ENUE B R A FHIR K30 TR R EYLA G 2 rEae @, N
TRIER B E R 2 A, Bk N BRI A IR AL G0 A SO S LT S5 M1 vt, A 45 4 25 T oz /s
Tz 4 fl, Wit M LR SY . 244 7E ANSYS. ADAMS 545 IR T E RSN T, T LR J7 {8 it 4%
FESFP TO0 N BRSNS EREEAT 0T, AN TR 50 M A X Ik, BRIUAERT & 22 4 2R R
A R O IR AW =R

Yang [2]. T2 [T AR 2 RS 1 S 4 BT A8 T S0 IS B BN AS PR R X OGS [ G A, g ST T DA
BRI LA B AR I ZN A RALBCEEAE R 34T TR e TE . ZE8 e [4]. B PH5]. B EAE[6]5%F LAE VLR E
BN R, DU EE BNk B hRsR3, RA MATLAB fil ANSYS &t Hofl 17tk it B4t
*#3% Si Cong Yuan. Chao Feng Wang [7]ifii MATLAB i& 5 g% s B TSI Sk T RESL VS, Fxt
B R ENIRTE RA AT T L.

AT LL QTZ5613 YTk AUt B AN L5 MR A FoRt G0t 90 Sk 3 2k AL B S A B A4
P, TERFA L AMHERI AR T, XSV EE S T R R Ak . DA 8 1 o e IME LA
THEbR, AR AR SR E AR R BT I BCERSY, FIH MATLAB A, JF
JEEEF N ASAETHEN Pk R EALR EE LB, R ANSYS A3 FRye i B A3 AR AL T J5 B F2)
AYERERIXTLE, XSS R IAT I .
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2. ELEAEEYNERTIERNE
2.1. QTZ5613 FELIER R EH &

QTZz5613 AP LBs R EHLA bR N AR g U e L, WLk, Bl EEhES . &
HEE. PAEMRENEA . ESH DS, ZEENLEE RN RS AAR IE LA 2R,
Wik 1 FrR[1].
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1) Mk, 2) B, 3) WUETITE RS 4) RIS, 5) BlIE#AED); 6) BB, 7) FHE; 8) ftili; 9) F
#E; 10) PEIERAT; 11) RN, 12) EEE, 13) HEPNE; 14) BR; 15) ZWE,

Figure 1. Diagram of QTZ5613 flat-head tower crane structure
[& 1. QTZz5613 BRI EXEENLEHREE

BT EE RSN LA RA R, EEINAE R R iy L W iR e 52 s & 7
FENL BT R WAL RS, PG MR ER AR, TEIGE LR E . DIy
TEREL. West. IR NERSFRAR, TEIRE L SCE =LK ARIE .
2.2.QTZ5613 ELBEREENELSH

QTZ5613 A-FLIF AN E Bty 8 Ak, EEBE NEL=ME, LAz 0RE8me, -
SRR A0 7 AR AN . B B & 2 Al ok B I e . PR 2 ANITALER, CTPHETEES 1 AT
RERRTHUOAETE, P AT 25 2 9 N P I AE 22 45 1 (AT i R4, I v ot P e T T 2 1 WARIE, )
kSR FH UL T 435 A6 a5 P B 28 1 SO e, BASE s 1 s

Table 1. Partial structural parameters of QTZ5613 flat-head tower crane
= 1. QTZ5613 FLIBER BN AP HEEEH

ik H HfE
AT K (m) 56.44
TR K (m) 12.34
P& 5w (m) 23.74
AT =5 EE (m) 22.07
PR K (m) 1.6
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Continued
AL E 2 B A% (mm) 144
S E B R 52 AT I (mm) 150

2.3. ZEHE

Hi E R QTZ5613 M-Sk s At EALAT B 0%, 1R VAT BRTHRE R )t 2 rp B P Sk B ke B
BUER Iy S F AT — S b B T Ak, AR AT RS EEALAT PROCAR AR DU il i) BT IR S tH L. A TR RS LU EE R 119
AT, AEo M h 3 2 LIRSS H AR 7y N, AN R v SCRAES B AP O, i AR i 20 i 0 i
SRBERE — D P R R 3 ARSI A2 00 G5 SRS AN K, DRI G AE 7 B i S H R oG B LA 45 4 B 7 o A B
5. EEBMEE, £ TR 2 Fos.

S
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23

BTN
VSV VTR VE WAL WA VA VS VALY,

N7
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Figure 2. Simplified model of QTZ5613 flat-head tower crane
& 2. QTZ5613 F LB X BB FHARE

AAPRAIIR ST DAL R AR BRI A, DASPAT TR B8 107 [l /R X A, o B e 8 (0 77 [y
1B PPPAT TS RT7 My Y B, I 77 58 IE: IEET XOY P RJT ARy Z fh, i
HE TSI B 5 1 N IE
3. PSR BENEEBEMRLIET
3.1 MERHER

PR GR ENL THCESERA Tol. B To. iR T LR E S T, A ies B A RF&EKE
FETHS E S T, DU S R/ME VRS SRt Bbx. REE R EL SORG T
FHEPE Y, QTZ5613 B-F LA FALM P L A BV B 1 8 T4 p, ik HEE EoXFF sk
OEW, FIZARAZOT RN, DU S8 & AR R s AL &

X = (X0, Xy, X, Xgy X5, % ) =(D,d, B,b,m,t)" 1)
B SR ANIE 3 R, et AR R A HUE VI AR AN A R A%, %A BT A R EUE VG [ X209 41

%2 PR

m
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Figure 3. Schematic diagram of the optimized parameters of the crane boom structure
3. BEBSMNUESERER

Table 2. Partial structural parameters of QTZ5613 flat-head tower crane
= 2. Q725613 FLIENEEN B R LRSS

E W4 {E (m) 5% A (m)
FZIAESMED 0.144 0.115~0.173
FRZIRAE N d 0.124 0.099~0.148
TERTELKB 0.150 0.120~0.180
NIEJTEEEE b 0.030 0.024~0.036

AT 8 m 0.096 0.077~0.115
JERT 5 t 0.072 0.058~0.086

3.2. B BHEH
H b oA BUE PABETH AR SR KR BT AT BB SR [ F M RE FR A8 AT Rk =0, 2B R E b = R AL
A TR BRI BN EE, T PUERMIA HARERIE .. mEURBREER R, AFRFEE
Z e R &, Bt DUk E 8 5 NMEN H AR 8, 7830 2 58 2RI NI BE i 451 T B SRS 2L E B i i
Hk, A H bR AL
m= Z(pvi ) =

n n
=1 i=1

(pAl) )

A

p—— 5K, HY 7800 kg/m?;

V, —— B AR, m

A —— AR AL, m?;

| —— %K, m.

R A0 AR R SRR AL A B A i, R E R AR N SZAT, IR ESZAT, 56 MRURHIEAT,
58 KR ELIZHT, MR 2 T 1R R FF 7800kg/m® 57524 i Bty 9041kg, 5 AKCHE 11 5175

mzzn:(pvi)z (pAl,) =2121600(Bb—b’ ) +66300x(D* —d* ) +8797(m+t —0.016) 3)

n
i=1 i=1
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3.3. BaYUREY

1) SREEL KA

AL AR T A AT 2 SR S 5 5 M9 Q235,58 USSR R M SR R B8 — (AR A @ ik, B
VRN 2.06 x 10" Pa, JAFALL N 0.28, #JEN 7850 kgim®, s B AL HE B AT RN /) o, Afg Rt
MRHRVE IR Ao 85U ENUR & @Ay Q235 4N, %A RHIKJE RS /14 235 MPa; %44 2% K
AT AMIE SR E LB TS T A R 3RS, AR 1.34, FT DA B 45 R DAk R SR BE L SR 2R

235
o, <[o] =% =3, =175:4 Mpa 4)

I
n

AR 3.1 AN, AR SR LYy —RIRE R A& T, RIS ME AN B
FErr, BN Sk a3l . B Lo, BREE T2 EE YOZ HHN-FATT X #im T~
T 1, ST EAL R s JE S B, e T A R AR, R EE AR XOY N2 HEE
EE T W T, R R AR

Gi:%j+\l>ﬂv: +\'\/Av—yys[a] (5)
s N——Hhi s A —— B 2852 AT i A s

M, M, —— 2 AN ST AT X, Y Bl A A

W, Wi, 73 3l Aokt I B THT PR 70 25 A T 2R 4

N T ORUEZERT )22 A, R 2 6 R o R (R AR B 100 T EAT 20 A, BREUE S AbdEAT 4 4, AREAH G BE
RIS ERARAEEE N 1.3t, B REEF 34 m. ERENEFEZZ G SR, R BT 15 RR
Jhn, EEEE XOY [ A 52 2 B E 77 W B, B A b B S B AR RS . iR
QTZ5613 A SR EHLIHRAE T, RIS S [ HFLE 1 s, [AlFe FEARE 92 bR LHL R E v 0.06 rad/s,
S B GOR, PSR e N AR

mRw 1300x44x0.06
F, = ——

AR TH A5 3 (1) Bar LA S B (R A T R o550 il B
© X B FIHH:

=3432 N (6)

M, =G,x +G,X, 7
X G REMERE, G, ZEERHE;
DU X 25 5
M, = 433160+166.6x [2121600( Bb—b?)+66300(D? —d”)+8797 (m+t - 0.016)] )
@ Y B
M, = F, x X, =3432x34=116688 N-m 9)
RN Z(B) 13 35 FE L R A% A
M
af:MX+—l—ﬂ45§0 (10)
x y

2) WIEELI AR AT
AR B 2R AL AR G Bt JvE, AL = B A A BRARES T A BR LA K HI100, B
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<H_45

<—=—=045m (11)
100 100

3) MR EMEL AR KA
B 2 LA A8 AT 200305 2 R SRR E M B A ST A AT ) ik ) 0 ANS R T L RR A I 5777, B

47°El,
F<Py =0 (12)

A R——3H R 715 P, —— AT BRI 575
E——tPRl i, |, —— SRR e
EEE RIS N2 BT BERRAT RRAT IR R, 5 R0 AR 2 4 AN LR

3.4. IEEHRAFE

AT A AT R B SR SR E A A A . MO RTAT IR AT AR &R, TR R/
MRS RN R BE B R LR R, UfRBEL A R e, U & T 55K, HAE SR HBeski R
AAGEXL AT R A e 1 e 83 ) e B X0«

min F (x) xeDcR"

13
st. g, (X)<0,u=12,-,p (13)

YRR G WAR

©

1
%) 14
(1) =F(x)-r H%U) (14)
LRI, FRESAME D LIRS NG d. TR B R b, A
B m. BFFIEE A B DRl T L FE P AT T BRSO AR YR A B 7

3.5. MATLAB T EFARILER

A MATLAB SR EtHIRAL T HAR, w7 DL SR AR B 2 19 TAE )il i Ak T B A O 2
fFE: At dRERVER/ME, JTRRSRE, MG, RBRIEE i R R R I SRR, ATy
AR TRE R R SEBr R H4R B T (8. PRAERIEARE .

H TR FA BN E SR, IURR S MATLAB AR

%1 R %

function runfmincon

options = optimset(‘largescale’,'off");

LB=[0.115;0.099;0.120;0.024;0.077;0.058]

UB=[0.173;0.148;0.180;0.036;0.115;0.086]

x0=[0.144;0.124;0.150,0.030;0.096;0.072]

[x,fval] = fmincon(@objfun,x0,[],[],[1.[],LB,UB,@confun,options)

f=fval;

[c,ceq] = confun(x)

% H bk 25

function f = objfun(x)

f=2121600*(x(3)*x(4)-x(4)*x(4))+66300*pi*(x(1)*x(1)-x(2)*x(2))
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+8797*(x(5)+x(6)-0.016)

WL K AT

function [c, ceq] = confun(x)
m=2121600*(x(3)*x(4)-x(4)*x(4))+66300*pi*(x(1)*x(1)-x(2)*x(2))+
8797*(x(5)+x(6)-0.016)

P=pi*x(3)"3*(1-(x(2)/x(1))"4)
c(1)=(433160+9.8*m*17)*4/(x(3)"3-x(4)"3)+(433160+9.8*m*17)*32/(3*p)+
116688*4/(x(3)"3-x(4)"3)+11668/3*32/p-174.5

FEBATIEAUS, MATLAB T HAAMAIZ AT S RN 3 fis.

Table 3. Comparison of optimisation results with conventional designs

3. MUERRENRITE—TR

B GILELEIG) PRA 5 E A (m) Ak 2 (%)
FRZIAE SME D 0.144 0.128 -11.111
FRZEENA 0.124 0.120 -3.226
NETELK B 0.150 0.132 -12.000
NEZTTERERE b 0.030 0.024 —20.000

JERT 56 5 m 0.096 0.077 -19.792
REFT TS t 0.072 0.058 -19.444

4. RUEREMN

HIR AT, AR R RS N, BE S, Zead THEA AL i B8 i 0 6959 kg, AHAL T AL HT
(¥1 9941 kg ik 1RHIL 30%. AN YUK 4 5 SE PR AT HEAT 204, ARIEOLAL)E S AT B K FORT A, T
ANSY'S Workbench £ il 2 B8 [ (2 £ 5 8 18, 3 ELALAL T BB S Ml &SPk RE .

4.1. RACETRRIRR D E M RERTEL

EERTF T, TR T 23 m AL ERTFE & ANFUESE 6 t Y, 23S RRALHT S )
MRS TR, i 4. B 5 B

B: Static Structural

Figure

Type: Directional Deformation(Y Axis)
Unit: mm

Thobal Coordinate System V4NN AN P4 AN P4 AN A RN P4 N PN NP4 AN N NN RN AN P4 AN AN AN 4 N PN Nt
2022/11/3 10:59 %
3.8315 Max - 3
|| 0.85995 <
21116 <]
-5.0831 <1
-8.0547
| |

-11.026
-13.998
-16.969
-19.941
-22.912 Min

DX

DX
| L]

0 1e+004 2e+004 (mm)
I —
5e+003 1.5e+004

@)
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B: Static Structural

Figure
Type: Directional Deformation(Y Axis)
Unit: mm
Coordi A —
Global D 7\ 74 N P4 N P4 RN PA RN 4 NP4 NP N A NP NN AN AN PN AN AN AN AN NN
2022/11/310:59 :;1
VAN
. 3.8315 Max -
085995
21116 X
-5.0831 541
o
-11.026 ]
-13.998 <
-16.969 <
I -19.941 X
-22.912 Min X
Py v
X
X1 L
B X
0 1e+004 2e+004 (mm)
5e+003 1.5e+004

(b)

Figure 4. Comparison of crane displacements along the Y-axis before and after optimization. (a) Displacement diagram
along the Y-axis before optimization; (b) Optimised displacement diagram along the Y-axis
4. RUHIERIEENIE Y #H5 BB . (@) KUREYE Y HAEMLEE; (b) RGNS Y #AELEE

B: Static Structural

Figure
Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: NN AN N NN AN AN r\|/|\|/|\|/|\r/|\|/1><.

21
2022/11/3 12:53

43.834 Max

. 38.964
34.093
29.223
24.352

. 19.482
14611
9.7409

0 1e+004

I 4.8705
4.75e-13 Min
Y
@
X
=

(mm)

I
5e+003 1.5e+004

@)

C: Static Structural

Figure
Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1 70N 7 AN Z N 7 NN Z AN Z N Z AN Z AN Z N2 ANDZ ONZONZ N I\I/I\I/I\I/I\X/I\I/I\IA&-

2022/11/3 12:28

51.782 Max
. 46.029

40.275

34.522

| 28.768
23.014
17.261

11.507
I 5.7536
4.75e-13 Min

..

PHZOTOXOIZOL RIS o

0 1e+004 2e+004 (mm)

5e+003 1.5e+004
(b)

Figure 5. Stress comparison of the crane before and after optimisation. (a) Stress diagram before optimisation; (b) Stress di-
agram after optimisation

E 5. MURTEREENN AR, () MILRTHRDE; (b) MHCEHNRDE
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HIE] 4. & 5 Wy kS B A0 A0 J ke B AL AR (0 S0 AL A% AR A e DAL G RO B AR B R
B R, NS X /NI BT, (ESRIRAAEVERI N . $RIE LR AR A SRR A RIVEE A . ]
U, AP THESEIL AR IR A SR AF T Pk B R EHL R R AL

4.2. RALBIREIEN N F 1 RERSEL

1) A AR A0 R S 53 B

AT I Sk B XS AL [ A A0 A A iR 2R T oof LA B S BB AL B8 Jy 22 g, RIUL 7% 200 iy
I 2 LIRS AT R RN . AR LA SEBR LU0 Fi 2ok, B ke Sl e 1 15
HL O] 52 AE M I FE A A5 AL ) _E R, DRI AL R JE 0 it [71 5 3y ) 3R (fixed support) .

MG RS T B WA, T2 B RSN RS 5, ARB B A 05 0 2R 581030 /7
TTRRECR, i LUK T2 B iR Gk i R BRI AR [ 00 s R AR I M S Bk R L 3 J0 ik DRI,
SEHURGEHT 10 B [ A 0 23471 Sk B 2GR SEALEE F (RS, 70 1S BIOEAL AT AN IR BB T L
WHRBIRAE QI 6 Frw, T e S R R 2R AT 6 B

B: Modal

Figure

Type: Directional Deformation(Y Axis)
Frequency: 0.31255 Hz

Unit: mm

Global Coordinate System

2022/11/3 14:19

0.046527 Max
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B: Modal

Figure

Type: Directional Deformation(Y Axis)
Frequency: 0.36042 Hz

Unit: mm

Global Coordinate System

2022/11/3 14:20

. 7.1165 Max
6.0266
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3.8468

. 2.7569

1.667

|| 057704
-0.51288
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27
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£

AV Ly
A STAVTAY A
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NATNES

&7
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.|
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(b)
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B: Modal

Figure

Type: Directional Deformation(Y Axis)
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B: Modal

Figure

Type: Directional Deformation(Y Axis)
Frequency: 0.70519 Hz
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Figure
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B: Modal

Figure

Type: Directional Deformation(Y Axis)
Frequency: 1.9545 Hz

Unit: mm

Global Coordinate System

2022/11/3 14:26

0.88256 Max
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N
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®)

Figure 6. Vibration characteristics of cranes at different vibration frequencies. (a) First order vibration pattern; (b) Second
order vibration pattern; (c) Third order vibration pattern; (d) Fourth order vibration pattern; (e) Fifth order vibration pattern;

(f) Sixth-order vibration pattern
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Table 4. Comparison of the crane’s inherent frequencies by order before and after optimisation
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Figure 8. Displacement diagram and amplitude response curve of the crane along the Y-axis under impact loading
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Figure 9. Stress diagram and stress response curve of a crane under impact loading
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