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A Study on the Effect of Preloading in Clamp
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Dong Min Han*, Seok Soon Lee**, Young Seok Lee***, Dong Ryeol Lee

ABSTRACT

The clamp. as the structure which is used for supporting the pipe in the atomic power plant, is produced
with a certain degree of anticlastic curvature in the current manufacturing process.

In this study, the structural analysis of the clamp and the pipe was performed using ABAQUS. And the
finite element modelling for the analysis was made by an HyperMesh. The contact forces which are trans-
ferred between the clamp and the pipe for the external force are changed according to the binding force of
holts and keeps the clamp tightly and protects the slipping between the clamp and the pipe.

The clamps with the anticlastic curvature and with the flat curvature are considered in order to invest
the anticlastic effect. In this study, another case is suggested. The present case does not have the stiffness
1ing on the end of the clamp but the suggested case has the ring.

For the present case, the results showed that the equivalent stress is higher in the anticlastic curvature
case than in the flat curvature case and the equivalent stresses on the pipe are almost the same as the
binding force increses. For the suggested case, the result showed that the equivalent stress in the anticlas-
tic curvature case decreases until some binding force and increases as the binding forces increase and is
lhwer in some range than in the flat curvature case.

From this study, the clamp with the anticlastic curvature in the suggested method is better than the
clamp with the flat curvauture and the optimal binding force are given.
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Table 1. Anticlastic curvature tolerance through clamp width

Clamp width(W) | Anticlastic curvature tolerance(D mm)
up to 63.5 mm 2

76.2mm ~ 101.6mm 4

127.0mm~ 203.2mm 5

228.2mm~ 254.0mm 9
279.4mm over 10
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SECTION A-A

Fig. 1 Schematic of a clamp with anticlastic curvature

Fig. 2 Manufacturing process of a clamp
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Table 2. Material constants of a pipe and a clamp

[ Material Young’'s Modulus | Yield Stress
Pipe SA53-B 1.8x10° MPa 175 MPa
| SA30T-A
(SPC-36-360)
Bolt SA193-B7 2x10° MPa 860 MPa
(SPC-08-060)
(SPC-10-080)
Clamp SA36 1.8%10° MPa 180 MPa
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Table 3 Dimensions of a clamp and a pipe

B Anticlastic
Model No. Dimension{mm) Load curvature
| tolerance
tc = 12.7
i SPC-08-60 Le = 635 2 mm
R =841 222410 N
PIPE(6") tp =171
Lp = 2635
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Fig. 3. Length of a clamp and a pipe.
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Table 4. Element No. of each clamp model

Model No. Gase of | Cose of
non anticlastic curvature acticlastic curvature
SPC-08-060 1788 73 2316 7
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Fig. 4 FE modelling of a clamp and a pipe with non anticlas-
tic curvature
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Fig. 5 FE modelling of a clamp and a pipe with anticlastic curvature
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Fig. 6 contact area between clamp and pipe
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Fig. 7 Comparison of equivalent stress of a clamp through
contact area
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Table 5 Material constants of a beam

Material constants
Young’s modutus 2x10° MPa
Poison ratio 0.3
Thermal expansion coefficient 0.00009
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Table 6 Force and twisting moment acting on a beam through
temperature difference(with anticlastic curvature)

Temperature difference—’ Force acting on beam | Twisting moment
() Ny N-m)
T 1007 oss ]
30 4200 1.4217 *_l
50 7285 2.4660
80 12157 4.1152
100 1531.7 5.1849
120 1851.8 62684 |
150 3000.7 10.1575
200 49985 16.9201
250 7004.8 237115
300 8957.4 30.3211
400 12833.0 43.4402
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Fig. 8 Stress check points
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fig. 9 Changes of equivalent stress and contact pressure
through axial force on a beam(with anticlastic curva-
ture)
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Fig, 10(a) Comparison of equivalent stress of a clamp and a pipe
and contact pressure through joint force - contact
pressure
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Fig. 10(b) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on clamp
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Fig. 10(c) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on pipe
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Table 7. Force and twisting moment acting on a beam
through temperature difference

Temperature difference |Force acting on beam Twisting moment
() (N) (N - m)
10 2753 0.93051
30 919.7 3.10858
50 1579.9 5.34005
80 2608.1 8.81536
100 33242 11.23577
120 4148.1 14.02054
150 5351.6 18.08836
200 71884 24.29673
260 . 9033.2 30.53214
300 108370 36.62897
400 14477.0 48.93213
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Fig. 11 Changes of equivalent stress and contact pressure
through axial force on a beam
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Fig. 12(a) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
contact pressure

axial force = 275.3 (N)

1579.9 (N)

axial force =

Fig 12(b) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on clamp
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Fig. 12(¢) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on pipe

st AdE S s | F7E 2dE B
AA gt AAE SUE 2D Yol HEES upg
Fo AojA HustFol 8 F 4o EF=7
ZRE gAHEE 2YE REEY ARAYSR FE §
e 722 Hoj o o] i Ao} Jx 71E =Y
2 HEES AAYS F7H7E 24 W E7971
Aol dsto] 71 S 28 8olM 9 &8 HAHA 3
@A 2 S A drt

28 13(a)e A AFHAR L e Y92 RS
dehd Zojn, 03 13(h)e € A78 ALY 42
T EYUZE vEid Aol

2.5.1 Hore SYZDH0IM HHAIZEO
SEESEEREL

E 82 MR o) Ak A90 Qol4 AdFoz 3
F3he Y3 o} P22 T WEY TUET Ye 3
oItk 29 14 ol g A, % A2l He 2
CELE REAREE EDLERECEEE DEL R
$3he 57189E g Aoz nd Feahe Yol
12725.0N2A N FHZ 713 2 JEggo]



BED - |4 - 0|94 - 0|58

@ bolt
@ stiffness ring

@ ® @
i i !

Fig. 13(a) Present clamp model
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Fig. 13(b) Suggested clamp model
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Table 8 Force and twisting moment acting on a beam through

temperature difference
Temperature difference | Force acting on beam | Twisting moment
() () (N - mm)
10 694.6 234744
30 2356.1 7963.70
50 39471 13341.34
80 6334.2 21405.82
100 9362.4 31645.24
120 127250 43010.90
150 17901.0 60506.01
200 26429.0 89330.95
250 34930.0 118064.63
300 43217.0 146074.99
400 59745.0 201940.21
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(“2‘5_30) ! == coact pressure
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(stress check point 1)
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Fig. 14 Changes of equivalent stress and contact pressure
through axial force on a beam(with anticlastic curva-
ture)
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Fig. 15(a) Comparison of equivalent stress of a clamp and a pipe
and contact pressure through joint force - contact
pressure
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axial force = 694.6 (N)

axial foree = 12725.0 (N}

fig. 15(b) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on clamp

axial force = 694.6 (N)
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Fig. 15(c) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on pipe
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Table 9 Force and twisting moment acting on a beam through

temperature difference
Temperature difference | Force acting on beam | Twisting moment
) (N) (N - mm)
10 16003 5409.01
30 5249.8 1774431
50 9073.8 30669.42
80 14936.0 50483.65
100 19281.0 65203.54
120 23780.0 80376.35
150 30156.0 101927.21
200 40928.0 138336.55
250 51563.0 174282 82
300 62289.0 210536.68
400 76509.0 258600.25
s
a ——
200 contact pressure
300.0 =O=von MISES acting on clamp
(stress chack point 1
280.0 =o=yvon MISES acting pipe
260.0 —*=von MISES acting on clamp
240.0 (stress check point 3)
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Fig. 16 Changes of equivalent stress and contact pressure
through axial force on a beam
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Fig. 17(a) Comparison of equivalent stress of a clamp and a pipe
and contact pressure through joint force - contact
pressure
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Fig. 17(b) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on clamp
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Fig. 17(c) Comparison of equivalent stress of a clamp and a
pipe and contact pressure through joint force -
equivalent stress acting on pipe
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