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Analysis of the influence mechanism of preload variation on
axial connection stiffness of clamp band joint
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Abstract; To accurately calculate the nonlinear bearing capacity of the CBJ( clamp band joint) , through the mechanics behavior analysis of
each component in the CBJ, a method for calculating the axial connection stiffness of the CBJ considering the change of preload was proposed. A
fine finite element model was established considering the nonlinearity of the structure, and the accuracy of the finite element model was verified by
axial tensile stiffness experiment. Combined with the finite element model, the theoretical calculation of the device connection stiffness was
modified. Based on the established finite element and computational theoretical model, the influence mechanism of the distribution and variation of
the belt tension and the initial belt preload on the device strength and connection stiffness was revealed. The results show that the stiffness
calculation model can accurately calculate the axial connection stiffness of the device and predict the failure load of the connection, which has
important engineering application value.
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Tab.3 Calculation results and finite element results of belt preload at different circumferential angles

28 ’
0 rad 0.127 rad  0.302 rad  0.477 rad  0.667 rad  0.709 rad  1.053 rad
AL S S S,/ kN 45.000 44.544 43.926 43.317 42.657 42.520 41.355
EAHTE S §,/kN  45.000 44.371 42.340 41.881 41.269 40. 655 40.057
BRI EREL K, 1.000 0.996 0.964 0.967 0.967 0.956 0.967
x4 FEMEBFTEFRMENTELERSERTERICE
Tab.4 Calculation results and finite element results of belt preload under different initial preload
S
20kN  22kN  24kN  26kN  28kN  30kN 32 kN 34 kN
e S, /KN 18.468  20.314 22,161 24.008  25.855  27.701  29.548  31.395
BEAEHE S §,/kN 18,447 20,293 22,139 23.985  25.833  27.680 29.528  31.377
PR BT E RELE, 0.9989 0.9990 0.9990 0.9990 0.9991 0.9992 0.9993  0.999 4
S
36 kN 38kN  40kN  42kN 44 kN 46 kN 48 kN 50 kN
B S, /KN 33.242 35.088  36.935  38.782  40.629  42.475  44.322  46.169
RS §,/kN  33.229  35.082  36.933  38.784  40.637  42.490  44.345  46.181
PR AT RELE, 0.9996 0.9998 0.9999 1.0001 1.0002 1.0004 1.0005  1.0003
®5 BEEBENFESH
Tab.5 Mechanical parameters of clamp band joint
AR b HfH i3 Qe
HAE PR E/MPa 68 000 Sl 5 i 4 ) 1 R 48 2 0.08
AL v, 0.33 SRS £ BE o/ rad 0.262
AR R/mm 596. 50 TP AR R hy,/mm 8.08
LA VA ) AR 1T A,/ mm® 96 203 Je Gt IR 1/ mm 7.00
AL BRI R E,/MPa 107 800 RS ROT b /mm 4.00
ffy PR AE R/mm 621.40 THHER I 1,/ mm 11.00
A B T R A,/ mm’ 126. 00 O AR SEROREIE R Ay, /mm 4.00
f 55 e B i) 1 E 18 2R B 0.08 s ECAERI 0 L,/ mm 4.00
Je PR A F A 1.49 HEREH S I/ mm 31.5
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Tab.6 Calculation results and finite element results of critical load of stiffness under different preload

Sy
20 kN 22 kN 24 kN 26 kN 28 kN 30 kN 32 kN 34 kN
TG R F /KN 298.4 328.3 358.1 387.9 417.9 447.8 477.6 507.6
W ELIG Rk F /KN 266.7 281.4 301. 1 328.7 357.6 386. 1 409. 3 430.7
I AR A 15 I R ER ke 0. 894 0.857 0. 841 0. 847 0.856 0.862 0.857 0. 849

S,

SR

36 kN 38 kN 40 kN 42 kN 44 kN 46 kN 48 kN 50 kN
TGRS F,/kN 537.5 567.5 597.4 627.4 657.3 687.3 717.3 747.0
G2 kA F /KN 456.3 484.2 507. 4 525.8 545.6 564.2 579.8 598.3
Il S 2Ry 18 1E R B ke 0.849 0.853 0.849 0.838 0.830 0.821 0.808 0. 801

£7 FAREHH FEERETHERSERTERILE

Tab.7 Calculation results and finite element results of connection stiffness under different preload

S

W

¥y
20 kN 22 kN 24 kN 26 kN 28 kN 30 kN 32 kN 34 kN

A FERENIE/ (N -mm ™) 5.956 x10° 5.964 x10° 6.066 x10° 6.157 x10° 6.487 x10° 6.700 x10° 6.769 x10° 6.783 x 10°
T EERENIE/ (N -mm ™) 5.888 x10° 6.054 x10° 6.188 x10° 6.332x10° 6.685 x10° 6.850 x10° 7.051 x10° 7.058 x 10°
R FRAEIEZRE &, 0.989 1.015 1.020 1.028 1.031 1.022 1.042 1.041

36 kN 38 kN 40 kN 42 kN 44 kN 46 kN 48 kN 50 kN

A FERENIE/ (N -mm™) 6.832x10° 6.837 x10° 6.883 x10° 6.987 x10° 6.987 x10° 6.988 x10° 7.043 x10° 7.118 x10°

{HEGEENIE/ (N smm ™) 7.222 x10° 7.268 x10° 7.336 x10° 7.381 x10° 7.368 x10° 7.358 x10° 7.307 x10° 7.324 x10°

HFGAHEERE K, 1.057 1.063 1.066 1.056 1.055 1.053 1.037 1.029
B XF 1 45 KN B9 6045 1% 2 0
2 C19) 1 Al i 3% B2 W A 7. 361 x 10° N/mm,
HA S0 W B IE RE RIS IE 3 ~ 7, 1t 4t
SEANTA] B J] A A 0 B AT T R HE z |
RIS BRI, 4 ST RS MOehi i 5
ol 13 (a)  (b) fros. Bl Zen] DA 2] I
Fih B IESE IR 5 BRIT B 45 Ry & 3o N —— BT
—a— R R
4.5 x10*
::: }liﬁ; 0 0 0.‘1 0‘.2 0.‘3 0‘.4 0.’5 0‘.6 0.7
- O IR /o
DI (b)) HE[ 43 2 0 B3t 5 b 2015 2
@ a2 (b) Relation curve between frame separation
@ clearance and axial tensile load
417
13 R R S0 HEE R
40, 10 20 10 20 50 60 Fig. 13 Comparison of calculation results with
B fa /() simulation results
(a) A7 TS 77 Al i) A5 Ak il £ fuy 5 Je e [a] B £ i AR 2R MR, H K bl & 5

(a) Circumferential change curve of belt preload JE A e AR . SR AT R R 1
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Fig. 14 Variation curve of belt preload with axial load
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Fig. 15 Variation curve of axial tensile bearing

capacity with preload
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Fig. 16  Structural stress nephogram at time of

strength failure
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