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[ Abstract] The problem of inaccurate evaluation of the clamping performance of the spiral angle type slip will be effectively
overcome, which is caused by the unclear contact characteristics between the slip and the pipe string. The forces acting on the
interaction between slip and columns were analyzed by the theoretical method. A full-scale finite element model of the interaction
between the slip, pipe column, and slip seat was established using the numerical simulation method. The mises stress and contact
stress distribution patterns of the slip and pipe column under different axial loads and friction coefficients were studied. The mises stress
and contact stress gradually decreases from the bottom to the top in the axial direction. They are an imperfect symmetric distribution in
the circumferential direction. And there are stress concentration locations. The slip is subjected to higher mises stress and lower contact
stress than the pipe column. As the axial load increases, the mises and contact stress increase. As the friction coefficient increases,
the mises and contact stress decrease. In design and practical use, emphasis should be placed on components and locations with high-
stress levels. Under high load conditions, increasing the friction coefficient by changing the material and shape of the slip teeth is
recommended. Further the clamping performance of the slip under high load conditions is improved. It also prevents damage to the pipe
column caused by excessive clamping force. The research results can provide theoretical guidance for the design of slips and the
evaluation of clamping performance.
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Fig. 1  Physical and simplified schematic diagrams of a

snubbing service slip
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Fig.2  Force analysis diagram of a snubbing service slip
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Fig. 5 Mises stress distribution of pipe column under different axial loads
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Fig. 6 Mises stress distribution of slip under different axial loads
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Fig. 7 Contact stress distribution of pipe column under different axial loads

2.2.3 REVE#ZH T Mises &7

25l ) 2 A AR FFAE 30 ¢ AAERIE LT, o
EHS RN R R L, AR EZERET
B Mises N 1 = Q& 9 Frs, vl LA H Bl
B R B B8 K A8 Mises N 7 #B AN BT [
G, 3 5t PR 1) 20 A A8 B 1 O T R
FBOBR T 7 Az 1 A8 1w 2t gl DS | PR R BL R
ERERYVE ] 3 8N Bl 7 A2 1Y Mises B ) H 98
N, B RERY Mises W7 g 8 1] F1 & 1] - #5341
MU AN [7) Bl 1o) 2807 1 B 7™ A 9 MR A [RD
W, 72 S B 8 e [ 5 1Y A0, AT A S p R
JEAE BETHRRIR R LR IR S5 7 AR B A S
S BU A fih 1) FBE 458 Z 0, AT B AR A AL Y Mlises T
I3, e — B R ARAE R B R R e 1R BE ) O A 42 R
By 1k A8 A ™ R e G AR R A Bl e A R
TE 30 t ARG AL T, B8 A8 AL 5 R T i) 1

ASTA) BE 2 R T R LY Mises L J7 = &l

E 107, /T LUt BB BE 48 R B 3 R, R B
Y Mises v 1 #F A W B A , SN Mises fHLEL , R
FURY Mises AR JH: 32 %2 Jit PR 2 Al o) 280757 AN 28
BT BT, B 458 28 B0 i 7 A 1 A% 1) 28 i 390
N DRI R B e o T A AR X R BT A AR 1) B A
FH 1IN, B = A 1 Mises W 1 B8R/, REC
I Mises v 77 78 5l 1] 1 1] 1 49 53 A B 5 A ()
LN = i N e B S R S P v B e R 17 = 4
i [T O D0, A 3E i 8O3 B R 1 TR iR
RECH AR AE 7 ORI A A 5 U ik 0 B 4
R HE— 20 ok ARUE R BC R M BB e 45 1 ) 1Y T 4
T B kR PR BB T 3 SR P BB
2.2.4 RFVE¥ AT 0940 7

PRl 1 BT AR E 30 ¢ RAERYIE LT, AR A
SR PR N YRR R, AN B R BT
FEAR FUAH EAE PR EE il ) = B AR &L 11 AT 12
Fis . TTLLE ) BEAE BE A R BN B O, BAE AR
FUAHELAE P T 7 A= 1 6 A 1 0 AN Wi/, A el

ML www. stae. com. cn



e Af e £y e BB S
2025,25(4) i, & iy IR VE ML R FUa bR AT S e R BRI 1445
P S { B S \ e S e i S
CPRESS/MPa | CPRESS/MPa $ CPRESS/MPa | CPRESS/MPa
2423X10° 2.053X10° 1740><1L| 2.418X10°
1000><1034 1.000% 10%| 1.000 X 10° 1000><103\'@
9.162X10% | 9.154X10% | 9.163 X 10? 9.130X10? |
8.323 X 10% | 8.309 X 10> \ 8.325 X 10? 8.261 X 10% |
7.485X10° | 7.463X10° | 7.488 X 10> 7.391X10% |
6.647X10> | 6.618X10* \ 6.650 X 10? 6.521 X 10* \
5.808X10* | 5.772 X 10* | 5813 X 10; 5.652X10% |
4.970X10? 4.926X10* | 4975X 105 4782X 10> |
4.132X10? 4.081X10> | 4138 X 10 3.912X10*
3.293 X 10* 3.235X10> | 3.300 X 101 3.043 X 10>
2.455X10? 2390X10> | 2463 X10% 2.173X10?
1.617X10? 1.544 X102 \ 1.625X 103\ 1.304 X102
7.786 X 10" 6.983X10" | 7.877X 10| 4.339X10!
0 —1.473X10™" “ 0 0
1 N 3
(a) Bl PR A50 t
.
B B S B S B
CPRESS/MPa i CPRESS/MPa CPRESS/MPa CPRESS/MPad‘
2.068 X 10 & 1.807 X 10° 1.564 X1 2.046X10° |
1.000X 103! 1.000 X 10° | 1.000 X 10° 1.000X10° |
9.153 X10%| 9.167 X 10? 9.164 X 10? 9.164X 10> |
8.305X 10| 8.333X10* 8327X10? 8.328 X 10>
7.458 X IOI\ 7.500 X 10> 7.491 X107 7.492 X 10>
6.610X 10 | 6.667 X 10* 6.655X 107 6.656 X 10*
5.763 X 10? \ 5.833 X 10* 5.819><103\ 5.820 X 10*
4915X10* | 5.000 X 10* 4.982X10%| 4,984 X 10*
4.068 X 10*> | 4,167 X 10? 4_146><103\ 4,148 X 10?
3.220X10% | 3.333X10* 3.310X10% | 3.311X10*
2373X10* | 2.500X10? 2.473X10° \ 2.475X10°
1.525X10* | 1.667 X 10> 1.637X10% | 1.639X 10>
6.777 X 10! 8.333X 10! 8.009 X 10! \ 8.032X 10!
—1.698 X107 | 0 0 0
1
(b) B HRAT 940 t
: y 1
BEfu i )y BEfu g =N s AR g
CPRESS/MPa CPRESS/MPa CPRESS/MPa CPRESS/MPa
1.740X 10° == 1.589X10° _ 1.392X 107 1.584 X 10°
lOOOXlO‘\ 1.000 X 10° \ 1000><10‘ 1.000 X 10*
9.164 X 10* | 9166><I0, 9[65><10‘ 9.159X10?
8.328><I0; \ 8.331><I0; 8.330X10* \ 8.317X10*
7.492 X IO; \ 7497 X IO; 7.495 X 10%| 7.476 X 10>
6.656 X107 | 6.663 X 10 6.660 X 10%| 6.634 X 10*
5.820X10° | 5.828 X10? 5.825X10% | 5.793 X 10*
4983 X10% | 4.994 X 10° 4.990X 10* | 4.951X10*
4.147><I0; 4.160><I0; 4.155X 10 | 4.110X10?
3.3I1><I0; 3.326><I0; 3.320X10% | 3.269 X 10>
2475X IO; 2491 X IO; 2.458X10* | 2.427X10?
1.639X10* | 1.657X10? 1.650X10* | 1.586 X102
8.029 X 10! \ 8.227 X 10! 8.152X10" | 7.443 X 10"
-3.317X10" 0 0 \‘ 0
‘
() B I ERATH30 t
B B S g sy B
CPRESS/MPa ‘ CPRESS/MPa CPRESS/MPa ‘ CPRESS/MPa
I333><I0‘J 1.305X10° 1 1.133% 10 1.183 X 10°
1.000 X 10%] 1.000 X 10* 1.000 X 10} 1.000 X 10*
9,165><IO;‘ 9.148 X 10? \ 9.I67><101 9.164 X 10*
8.330X10% | 8.297X10* | 8333 X107 8.327X10*
7.494 X lOf \‘ 7.445X10* | 7.500 X 107 7.491 X 10>
6.659X IO; | 6.594 X 10* | 6.667X 103\ 6.654X10*
5.824X10% | 5.742 X 10* 5.830X10%| 5.818X10*
4.989X10% | 4891 X10? 5.000X 10 | 4.982X10*
4154 X lOf \ 4.039X 102 4.I67><103\ 4.145X10?
3318X10° | 3.188 X 10* 3.333X10% | 3.309 X 10>
2483 X 10> | 2.336X10* 2.500X10* | 2.472X10°
1.648 X 10? \ 1.485X 102 1.667X10* | 1.636 X102
8.128 X 10! | 6.330X 10! 8.333X 10" 7.997X 10"
—2.238X107" | —2.186 X 10! 0 0
2 3
(d) B AR 4920 t
I N =l N S e 23 L A VA R i

Fig. 8 Contact stress distribution of slip under different axial loads
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Fig. 9 Mises stress distribution of pipe column with different friction coefficients
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Fig. 10 Mises stress distribution of slip with different friction coefficients
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Fig. 12 Contact stress distribution of slip with different friction coefficients
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