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Abstract

A general analysis method is proposed for analysis of the superposed structures with geometric

and material nonlinearities. It is presumed that no friction occurs between structures. It utilizes

a shell element for the geometric and material nonlinearities and imposes various deformation

constraints for the contact and interaction between structures. To show the reliability and

effectiveness of this method, superposed cantilevers for which exact solutions can be obtained and

holddown spring assemblies which are now used in PWR reactors are chosen as analysis models.

The results of analyses were compared with exact solution in the case of cantilevers and with test

results in the case of holddown spring assemblies. The analysis results obtained by this method

showed good agreement with the reference values.
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Table 1 Comparison of FEM. solution with Table 2 Comparison of F.EM. solution with
exact solution for constraint of Z- exact solution for constraint of Y-
translation deformation rotation deformation
Displacements (mm) Displacements (mm)
Forces +H— Deviation* Forces Deviation*
(N) FEM. | D (%) (N) FEM, | DX (%)
solution solution
100 0.179799 0.1842 2.39 100 0.180500 0.1842 2.0
200 0.359651 0.3684 2.37 200 0.361045 0.3684 1.996
300 0.539434 0.5526 2.38 300 0.541523 0.5526 2.0
400 0.719114 0.7368 2.40 400 0.721900 0.7368 2.02
Exact Sol.-FEM
* Q, |
Deviation(%) = Exact Sol. 1 X100
Superposged Cantliever Problem
400 a5
350
300 o
~ 250
z
o 200 a
£
o]
e 150
100 /
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0 /
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O Exact Solution

+ Y—Rot. Constraints
¢ Z-Tran. Constraints

Fig. 4 Comparison of F.E.M. solution with exact solution for both constraints of Z-translation and Y -rotation
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Fig. 6 Experiment results for 14 x14 type holddown spring assembly
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Fig. 7 Experiment results for 17 x17 type holddown spring assembly
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Fig. 10 Midsurface and mesh generation of 14X 14 type analysis model
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Fig. 12 Comparison of characteristic curves for 14 X14 type holddown spring assembly
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Fig. 13 Comparison of characteristic curves for 17x17 type holddown spring assembly
Table 3 Mechanical properties of inconel 718 and A4 whHe Addolat gEGAY = 2L of
number of element and nodal points of F wEgAF ofr)oA A& Al o &3]
14%14 and 17 X 17 type holddown spring, gt 53 dAZo] AEEE Tooe Axy A
respectively A A 2 S4el 247 394 9 Bae
14X 14 type 17X 17 type Eagtez od Arez Agont s 2 &
anal. model anal. model A gteto] o]Foizlm Qo vk, B oA
= o 1 7)sla Ao 59 4 q
- Material Inconel 718 = TEFC A% J1SgHc A4 e
Young’s modulus 200, 000N /mm? "é}é"‘o@.} WAL m#etn, =g Lagrange
Poisson’s ratio 0.3 Multiplier& o] &3le] Fx2E9 Zyoz ol A
Yield’s strength 1033.5N/mm? £ 9 Aszatgoz < vAYYE 1Y F 4
- Plastic path AES & HE 4y A 28n, Al
Stress (N/mm?) 1127 1210 1258 1280 AT AAHE dHHE TS £ e FHY 9T
Strain 0.0061 0.0074 0.0096 0.0160 2ot APAARE st Y T 228 A
- F.E.M. model Al AEsled 2 sl A4S wlms] xolo gy
Element type Shell element Ao AN} TLAL o},
No. of element 368 545
No. of nodal point 487 718 % £ 3 &
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