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RESEARCH ON THE CALCULATION METHOD OF THE SPACE PULLEY ROPE
CONTACT SECTION OF NUCLEAR RING CRANE BASED ON K-T CONDITIONY
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(Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract The pulley rope system is a type of multi body system that can be controlled by ropes embedded within it ,
generally, there are a large number of contact segments,with the complexity and intelligence of mechanical systems, high
demands have been placed on the accuracy and reliability of such systems . This paper mainly focuses on the space pull
rope contact section of the nuclear ring lifting mechanism. Firstly,the equilibrium equation of the element body of the
rope in the contact section is derived, and the analytical expression of the contact force density is obtained. Secondly,the
solution of rope strain is transformed into an optimization problem.The nonlinear equation of strain and arc length
derivative of strain is established by using Kuhntak condition. The derivative of internal strain to parameters at both ends
of pulley is obtained. The strain distribution in contact section and the coordination equation between azimuth Angle and

arc length are calculated. At the same time, the relationship between tangential and normal contact force density is
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derived based on the geometric characteristics of the pulley groove section, and the boundary conditions that the rope on
both sides of the pulley should meet are proposed. Based on the condition that the material velocity of rope and pulley at
the boundary point is equal, the constraint equation is established. In this paper, the contact forces of pulleys with
different radius and different types of pulleys are analyzed, and the strain distribution rules of the contact section are
summarized.The numerical examples show that the calculated results are consistent with the law of stress deformation
and the trend of contact force change of the rope. The method presented in this paper provides a new idea for the analysis
of large-scale mechanical systems including pulley and rope mechanisms. Moreover, it also provides theoretical

preparation for the analysis of pulley-rope systems.
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Fig. 1 Microelement of contact rope



N

1126 Vaj

1

Eitd 2024 4E 2 56 &

2 B BLAR B A A T

Fig.2 Contact section of the conjoined base of the rope section
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Fig. 3 Azimuth of rope cross section on pulley
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Fig. 4 Normal force density of the contact rope
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pulley

7 WRARIIMG
Fig. 7 The outside corner of the pulley rope

ARSI T F AR T R T B

(Or/dt— 0%/t -t =0 (78)

Hrp, R R
660 — 67— (S5)r ' (1+&))cosp; =0 (79)
66 — 67— (852)r ' (1 +&2)cospr =0 (80)

2 (79) ~ 30 (80) o T W RIZH) 5 H F 1]
HIR R, KRG 7 FERE, *h 78 T RN e B AN
y=0 (81)

6 EHfl

BH 1 Eevhie— A FHEAN, KGR A
T—NENERS, — AR IS A T, — A
HUR B 22 A, WA 48 RIEAR S W20 N
0.1,0.3 1 0.5 m. 4812 0.01 m, 48R PLHi M 2.1 x
10° MPa, %5 7800 kg/m?®. RGiH R S A T H
O, B T J74 4000 kg (M #. KRG K E
(x J71A)) KAEA S m, @1 (z 1) N 5 m. Shig e fE
AR T AR KIEZ 8 0.23,0.8 F1 1.2 m.
LR S345 o i il 28 10 x B8 o T — ALK AR R
ARG LI 8. RGP fa, AR 45 19 56 4 i
PRI 1.

EEXT UL BB, 4 R T AR SR Ansys
HBEAT TR EEH L, AR A Ansys HLITOR BT, A
RETH L H B fuk B 48 R (0 D) 1 Bk 77, BB SR Sk
FLTG solid45, SR HE I T AR, SEAR B TR /N A
3mm, ME 9 ] LR, H4iEHFE N 0.5 m M
0.3 m I}, AL H Rl B S AR 43 A 5 Ansys
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777777777

> /"
lifting weight

B8 P ARG
Fig. 8 The model of pulley rope system
F 1 ZBERuREPASICALRR, A/, HERT

Table 1 The arc length coordinates, azimuth angle and axial

strain of boundary of the pulley

pulley (r=0.1m)  pulley (»=0.3 m) pulley (»= 0.5 m)

s1/m 5.6733 5.6474 5.6144
su/m 5.9063 63679 6.8512
0/(%) 3.5464 35104 3.4743
0,/(%) 5.8784 5.9143 5.9503
€1 0.0009 0.0009 8.8936 x 107
&n 0.0005 0.0006 6.5274 % 10

5's, H Ansys TF5E H BRI R K, M5 112
9 0.1 m B, BB N AR B BN G I, IR
AT IE 5% ith 2 P A, 150 BA 7 A BV 0 2 2 4 Ak B
I, G R R, X TN e, AR AR 2R
PR, TR AT BE AN HERR.

MR AR A4l AT K, M Ee 48 0.5 m i,
TR B i B A e A O T A N, Bt e R AR 1 Ok
N, VRS RLARZ D . A 10 B 11 AT A,
TR AR, V) m i )% FE AR OR, AR ik
IF1) 1 RV AR, i 5 e P AR )3 K, D I 4 i 5
VA ARl ) JROTTIR/)S, ¥ 777835 &), X Ui B 1
BN IR Ak ) A RIS A, M)k S
A 7 R H A K T — e UE 5, J= 50 X ek T R
SHETEIS, RIGEE A,

B 2. 2 AR R A Rm A SR
RN 0.1 m, 4812 0.01 m, BRI E 1.8 x
10° MPa, % 7800 kg/m®, KRG 3 AN HE, A
ke, — A EiEie. SR mETE N 18000 ke.
RGATR R E AT BRI O, REBEKE
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0 0.1 020304050.60.708091.0

—— this paper (= 0.1 m)
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normalized coordinates
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Fig. 9 The axial strain of the contact section with different pulley radii

tangential contact force density/(N-mm™)

Fig. 10
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varies with arc length

—— pulley (=10.1 m)
—— pulley (r=0.3 m)
| —— pulley (= 0.5 m)

50

normalized coordinates

K10 Dol 8% B g, BT AR AL

Tangential contact force density varies with arc length

(x F71) KA 15 m, & (z J7 W) 85 m. AN E
W EMBKEL N 0.2 m, SIEREMBKEL
79 0.4 m. vFEGE R e ) R4k 5 i 7
LA N EE i R 0. R AL A& 12 s, 3 Mg e
() 9 i a2 T B R 2 .

K24 H T RGET WA M —ADhiFE T
W24 G AT AR 0, S AL bR NS
B ARIIGIN, A 52 R AR FR A d KA.

R34 T B RAE SR AR R R VAR AP

400

—pulley (»=0.1 m)
——pulley (»=10.3 m)

300 F ___pulley (= 0.5 m)

200 F

100 |

NG

-

normal contact force density/(N-mm™)

0 n n n n n n n n n
0 0.10.2030405060.708091.0
normalized coordinates
11 VEREAL 1% B g BRI 1AL

Fig. 11 Normal contact force density varies with arc length
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T fixed pulley2 =
 fixed pulleyl o
e /
sl movablel

K12 REER
Fig. 12 The model of pulley rope system
R2 BIBRIHEPAVIHCAER. FhfA. HENT

Table 2 The arc length coordinates, azimuth angle and axial

strain of boundary of the pulleys

Fixed pulleyl Fixed pulley2 Movablel

s1/m 4.7385 15.8054 10.1547
sp/m 4.9497 16.0384 10.5995
0,/(°) 1.5113 2.7400 3.5412
6,/(°) 0.3990 1.5166 5.8836
&1 0.0533 0.0507 0.0532
&n 0.0533 0.0016 0.0532
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JEHIALE, x AAARAAL T 0.01 m, y ARR IR FF AL,
z AR5 m AN T -4.85 m, Rilig 4t LA T
0.15 m. Hi P& 13 R, 15E Wi (10 5 A7 A 26 A 9K
ELMERECCR, A ETR R AR TS
IR, H AR IE A [, S e 48 2 05 A s
it I

H1&] 14 77N, ShiFe 48 2 $ i B AR FE AN
LA, VAR R MEAE A XS 173 Ak, 2 M)
JSZ AR R A M AR R AR, T 8 5 28 28 TR K R RS
BEARHPY v 0.28, B 15 PO LR, 45518 15
AN B AR ) R4 R A, I I 3R 4 v (R Bl T e 4
il BCRT BELE 1/3 AL RPENRHT . PN E T #E IO R4 &
DI/ T BT e R R A, P AP 2 1 R 10

®3 MR EEFENAE
Table 3 The position of the moving pulley at the initial moment

and balancing

x/m y/m z/m
initial position 7.5 -0.5 =5
balance position 7.49 -0.5 —4.85

6
5t
4t —— fixed pulleyl
~ —— fixed pulley2
4 3 —— movable pulleyl
2 \
1 \
O I I I I
0 0.2 0.4 0.6 0.8 1.0

arc length coordinates
B 13 i sy 6 BEI AL
Fig. 13 Azimuth varies with arc length
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0 0.2 0.4 0.6 0.8 1.0

arc length coordinate

B 14 Sl e B Bl N AR RE IR A A2 16

Fig. 14 Axial strain varies with arc length

B B an R SR AH AR 5 R A B, DA 16. 3 4
TR AR RN SN A IR R BT F1
A mA RPN F2 &0 &

B B 17 o] i, D) [ fih g %85 5 B A A AR 1 AR
IR g T B, 0 S [ 2 v Y e 1 1) 1] 4 f
DI AT B AR L M . AR T [ E R N R,
e Hz fih 77 % FEARARER O R Y. B ] 14 R 18 1]
S, T M e R B (0 1) AR AR S e B A A X
SRR, H I 18 AT %, il ) B AR 5 v ) Bz k) 2%

0.2802

—— movable pulley]

0.280 0

02798 +

02796

frictional coefficient

02794 +

0.2792 L L L !
0 0.2 0.4 0.6 0.8 1.0

normalized coordinates

K15 e R R BRI AL

Fig. 15 Friction coefficient varies with arc length

-4
1.4 10

— fixed pulleyl
—— fixed pulley2

12F
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0.4+

frictional coefficient

02+

0

0 0.2 0.4 0.6 0.8 1.0
normalized coordinates

B 16 R B A BB T AR AL

Fig. 16 Friction coefficient varies with arc length

R4 BRNARRSHEBRT
Table 4 Left tension and right tension on the pulley
Unit/kN Fixed pulleyl Fixed pulley2 Movablel
Fx1 —95.71 —35.67 —37.25
Fyl 0 0 0
Fzl 5.69 —84.00 88.219
Fx2 37.25 28.78 37.25
Fy2 0 0 0
Fz2 —88.34 -1.5618 88.2141
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Fig. 18 Axial strain and normal contact force density of the rope
—80r in the contact section of the fixed pulley
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Fig. 17 The variation of tangential contact force density with arc length
in the contact section of fixed pulley 2
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Fig. 19 The model of pulley rope system
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Fh P 20 T, 2 THL G o 04 A B A5 4 o 210"
A A R, BEE T e 5 R K, 2t oy Ze il  movaple gﬁ}}gé
v \ N N ™~ N 2.55 T
W AR IR TG )N ) v AR 14K 717 1 DA EIE DA 3 —— movable pulley
BIASE S W, ST E K, BT o LG bepulle’
. PR o . = —— movabole€ pulley
TEHE, NAR A ) 13505, SEI A SR A0 46 B R T g 2347
L0 e 1) s N 7 S 1 78 S 8 e ) e P SR 12 § 253 b
i, T DA KT e SIS, Bt 2 AR ) -
FiA.
IO —1 TN 251 . . : :
H 1 21 77 g0, ST YRS A 1 0 B s e 1 A 0 02 04 06 08 10
Ny N, —1 length dinat
4, BEVE RBOR T A A B P AN 3h il 5 2 3. e (;;m e
22 N 5 B fish B RE 45 A A ) — A gl
" Pl 20 g G4 A B 1m) A (¥ 78 1L
£ 5 EEBHIEIEETCARE. A, HENT Fig. 20 Axial strain varies with arc length
Table 5 The arc length coordinates, azimuth angle and axial
strain of boundary of the pulley 0.020 —— movable pulley!
—— movable pulley2
Pulleyl Pulley2 Pulley3 Pulley 4 Pulley5 = 0015 — movable pulley3
S 0.
si/m 51045 259961 47307 68.634 89.9972 2 movable pulley4
so/m 53237 266390 47959 69276 90.3167 E 0.010
<
0/°) 15119 31814  3.1833 3.1853 0.005 s
2
0,/°) 01866 04254 04273 04295 1.6031 & 0.005
g 271x10% 2.60x10™* 2.64x10* 2.636x 10 2.507 x 107
0 1
e 2.65x107% 2.63x107* 2.64x107* 2.666 x 107+ 2.184 x 107* 0 0.2 0.4 0.6 0.8 1.0
arc length coordinates
%6 SEBRBBNIKEIR. Hhfe. WENE @
. . . 0.30
Table 6 The arc length coordinates, azimuth angle and axial =~ L o o @ o m - - - - - = =
; 025k —— fixed pulleyl
strain of boundary of the pulley 5 — fixed pulley2
Pulleyl Pulley2 Pulley3 Pulley 4 'S 0.20F —— fixed pulley3
ag fixed pulley4
si/m 153129 36.6389 57.9812 79.3419 S 015l — - fixed pulley5
Sp/m 15.9566 37.2829 58.6251 79.9772 é 010
6:/(°) -3.17 -3.1769 -3.1745 -3.172 :::
0.05
0,/(°) ~0.419 0.048 0.0457 0.0052 \«%
0 =————————— ==
e 252x10%  2524x 104 2534x10% 2563 x 10 0 0z 04 06 08 10
normalized coordinates
&n 2.54 x 1074 2.529 x 107* 2.524 x 107* 2.527 x 107* (b)
. BI21 B R A A2 1
2.72 Fig. 21 Friction coefficient varies with arc length
—— fixed pulleyl
2.70 —— fixed pulley2 B . N . .
— fixed pulley3 ARBRIKI AL, W He 5 0 R TR AR BRI R B Ty
2.68 | —— fixed pulley4

0.28, EIF CH B Zebr . M AME N 0.18°1, B
5 Bk B ] X R 4R R 2 G . K 22
Hh OSCAR W FS AL, ETE  H 4 S AL B TH A A

2.66 F

axial strain

2.64 F

2621 0.18°U8 /N 0.08°, 42 BEEE# AR BB 2 F [, R
L ) Bl 1 5 160 0 (B AR, 9 LS 3
arc length coordinates /Ejﬂﬁﬂ"i %%J@% EQE,F D’:TJ I'_'E{'%'?b\ E‘J ﬁ’fi, E_[ U\ E&

@) R AR, W R ETIR BER.
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Fig. 22 Friction coefficient at different external angles
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