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Analysis and evaluation of stress relaxation for the high temperature bolt connecting
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Abstract  [Background] The temperature of the bolt connecting structure is around 650 °C in the scram system of
the thorium molten salt reactor-liquid fuel 1 (TMSR-LF1) and the connecting components include three kinds of
material, which have different coefficients of thermal expansion. Thermal expansion during the heating process, from
room temperature to 650 °C, and creep in the long lifetime of reactor will affect the bolt pretension, which may touch
the safety of the scram system. [Purpose] This study aims to analyse the stress relaxation of the bolting structure, and
assess structural safety for the scram system of TMSR-LF1. [Methods] The ANSYS program was employed for the
mechanical analysis of the bolt connecting model. The stress analysis and creep stress-relaxation analysis of the
structure under the combined action of bolting preload and thermal expansion were performed. [Results] The high

temperature creep of bolted structural materials and the variation of stress relaxation caused by the creep and its
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influence on the pre-tightening force of bolted connection structures are obtained for the whole lifetime of the reactor.

And the evaluation of the bolt is completed under. [Conclusions] According to American society of mechanical

engineers (ASME) standard in coordinate with ASME-III-5-HBB rules for bolt mechanical analysis and safety

evaluation, the connecting bolt structure designed for TMSR-LF1 is demonstrated safe and reliable in the whole

lifetime.

Key words High temperature creep, Stress relaxation, Bolt pretension, Mechanical analysis
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Table 1 Properties of alloy 800H, UNS 10003, 316H

4%} Materials IR & Temperature FYERIT Modulus of e R R IBRK 222X Coefficient of
/°C elasticity / GPa Yield strength / MPa thermal expansion / 10° K™
800H 22 196 — 14.2
650 160 139 17.3
UNS N10003 22 218 280 10.0
650 178 174 13.5
316H 22 195 207 15.3
650 146 110 19.0
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Fig.1 Bolt connecting structure in scram system
of TMSR-LF1
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Fig.2 Three-dimensional finite element model (FEM)
of the bolt connecting structure
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Table 2 Bolt pretension in different temperature
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Fig.3 Stress relaxation curves of the bolt material

PSS R UL, A R 4R TR A AE — 52 I 1]
YO TRl A 5 0 e i R A 5 A P [ B iR S S K. T4
TR JIOK SRR AR 055 A R OK, SHE N A
ot BR3¢ T AN R 4R TR 34 B AN [7] s 22 i
B, 25— Bt A] Je , g 2 MR Ok B AR [ B A R ot
PR o 73 AT SRR P AR S ARSI B B 2% AF
T AR B A R st [8] 2908 5000 h, ZEA K B [F]
INVAR
322 BRBRHEZEL

FRAETHE M1, 650 °C i IGO0, IRAE TR )

BE R TR ARk 1 4 BT o P 2B T O AE IR A
R R TR 2614 R PR A A T d K3
hnE]9 168.7 N, 2| 7 Wl oK & B J) Fa 5t J5 F§ N
3620 N; m W AR T 2644, I IIK 5 5 0 e K
W) 14 428 N, 2 3 W K & N J1 kot 5 T B 2
3636 No 45000 h =il IR 15 P ALAS [RIH) 46 Tl 55 1
e, O R T 7 ARk B B xR
(5524 N Al 5675 N) . AJ UL, #8042 T 77 1 A2 A Al
e ek A5 AR N 7 s P R A — B

—s— Low Initial Preload
14F —e— High Initial Preload

o4

(=
T T

Bolt Pretention / 10° N

—_ D R = e
T T T T

Al ul ol Al 'l ul Al
o' 102 10° 10* 10° 10° 10" 10 10’
tls

El4 2T Ak 2
Fig.4 Curves of the bolt pretension
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Fig.5 Stress nephogram of the bolt connecting structure
(a) Initial phase, (b) Maximum stress phase after thermal expansion, (¢) Ending phase

1 3 ASME-III-5-HBB 57 i B8 42 A/B 2% 1 H R
B SR, Ko A AR A T P ) i R I 7 O MR A A K T
SR Na g A E- A sDYSL Y B b N DA LGS E A

RN AR T A, AT R SO 4T T 9FE
PRI 3, € 45 R A IRVE 2R

=3 EREEIER A/B RN R
Table 3 Stress evaluation level A/B of the bolt

AR Stage R T 34 B ) btk NNV GEEN
Average stress / MPa Maximum stress / MPa Evaluation result
A PRAE i PRAH
Calculation Limit (2S,,) Calculation Limit Min (3S,, /K.S,)
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Table 4 Stress evaluation level D of the bolt
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Fig.6  Strain nephogram of the bolt connecting structure
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