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SUMMARY

The spacer grid is one of the main structural components in the fuel assembly, which

supports the fuel rods, guides cooling water, and protects the system from an external impact

load, such as earthquakes. Therefore, the mechanical and structural properties of the spacer

grids must be extensively examined while designing it. In this report, free fall type shock tests

on the several kinds of the specimens of the spacer grids were also carried out in order to

compare the results among the candidate grids. A free fall carriage on the specimen

accomplishes the test. In addition to this, a finite element method for predicting the critical

impact strength of the spacer grids is described. FE method on the buckling behavior of the

spacer grids are performed for a various array of sizes of the grids considering that the spacer

grid is an assembled structure with thin-walled plates and imposing proper boundary conditions

by nonlinear dynamic impact analysis using ABAQUS/explicit code. The simulated results also

similarly predicted the local buckling phenomena and were found to give good correspondence

with the shock test results.
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2.11 Configuration of Doublet type 3x3 cell grid
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2.16 Configuration of Swirl type 3x3 cell grid
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2.26 FRF data of H type 3x3 cell grid (No. 4) by free fall test
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2.27 Impact test results ofH type 3x3 cell grid
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2.28 Configuration of Swirl type 5x5 cell grid
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2.29 FRF data of Swirl type 5x5 cell grid (No. 1) by free fall test
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2.30 FRF data of Swirl type 5x5 cell grid (No. 2) by free fall test
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2.31 FRF data of Swirl type 5x5 cell grid (No. 3) by free fall test
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2.32 FRF data of Swirl type 5x5 cell grid (No. 4) by free fall test
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2.33 Impact test results of Swirl type 5x5 cell grid
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2.35 FRF data of H type 5x5 cell grid (No. 1) by free fall test
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2.37 FRF data ofH type 5x5 cell grid (No. 3) by free fall test
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2.38 FRF data ofH type 5x5 cell grid (No. 4) by free fall test
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2.39 Impact test results of H type 5x5 cell grid
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2.41 FRF data of Dipper type 5x5 cell grid (No. 1) by free fall test
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2.42 FRF data of Dipper type 5x5 cell grid (No. 2) by free fall test
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2.45 Impact test results of Dipper type 5x5 cell grid
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2.47 FRF data of Multi-spring type 5x5 cell grid (No. 1) by free fall test
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2.49 FRF data of Multi-spring type 5x5 cell grid (No. 3) by free fall test
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2.50 FRF data of Multi-spring type 5x5 cell grid (No. 4) by free fall test
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2.51 Impact test results of Multi-spring type 5x5 cell grid
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(a) No. I specimen
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(b) No.2 specimen

2.1 Impact buckling mode shape of KOFA type 3x3 cell grid
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(c) No.3 specimen

2.1 Impact buckling mode shape of KOFA type 3x3 cell grid(continued)
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(a) No.l specimen

(b) No.2 specimen

2.2 Impact buckling mode shape of Doublet type 3x3 cell grid
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(c) No.3 specimen

2.2 Impact buckling mode shape of Doublet type 3x3 cell grid(continued)
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(a) No.l specimen

(b) No.2 specimen

2.3 Impact buckling mode shape of Swirl type 3x3 cell grid
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(c) No.3 specimen

2.3 Impact buckling mode shape of Swirl type 3x3 cell grid(continued)
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(a) No.l specimen

(b) No.2 specimen

2.4 Impact buckling mode shape of H type 3x3 cell grid
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(c) No.3 specimen

2.4 Impact buckling mode shape of H type 3x3 cell grid(continued)
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(a) No. 1 specimen

(b) No. 2 specimen

2.5 Impact buckling mode shape of Swirl type 5x5 cell grid
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(c) No. 3 specimen

2.5 Impact buckling mode shape of Swirl type 5x5 cell grid(continued)
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(a) No. 1 specimen

(b) No. 2 specimen

2.6 Impact buckling mode shape ofH type 5x5 cell grid
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(c) No. 3 specimen

2.6 Impact buckling mode shape of H type 5x5 cell grid(continued)

- 7 7 -



(a) No.l specimen

(b) No.2 specimen

2.7 Impact buckling mode shape of Dipper type 5x5 cell grid
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(c) No.3 specimen

(d) No.4 specimen

2.7 Impact buckling mode shape of Dipper type 5x5 cell grid(continued)
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(a) No.l specimen

(b) No.2 specimen

2.8 Impact buckling mode shape of Multi-spring type 5x5 cell grid
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(c) No. 3 specimen

(d) No. 4 specimen

2.8 Impact buckling mode shape of Multi-spring type 5x5 cell grid(continued)
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3.B.91 ABAQUS/Explicit[6]«

3x3 € ^ 5x5

A ^ l ; 4-g-sj-^cf. n ^ 3.1(a)fe 3x3

23527])o]4. n ^ 3.1(b)fe 5x5 €<>1) ifl^ ^ - ^ l i SL^g^ ^ ^

^ ^ t f e 8177'7$°)^, A i ^ fe 58807Ho)4. 7l*>^-^ ^ ^ - <̂>f|

l - ASTM[7]°fl

^ 4 ^ ^ ^ 258.6

3.14 ^ ^

fe 136.64 Gpa, S ^ ^ y l ^ 0.294, n.^51 ^ 4 ^ - £ f e 319 Mpâ -
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Table 3.1 Material properties of dynamic impact analysis model

Classification

STS

Zircaloy-4

Elastic

E(GPa)

186.8

136.6

cry(MPa)

258.6

319.0

p(kg/m3)

7913

6550

V

0.3

0.294

Plastic

a(MPa)

258.6

1582.9

319.0

469.0

8

0.0

0.6986

0.0

0.3234

E

oy

P
V

a

s

Young's modulus

Yield stress

Density

Poisson's ratio

Stress

Strain

3.2(a)

^ y w>HT=A

o.l

^ 0.015.

(rigid surface)^: R3D4 %%) &.&S. 3.*§.^}5L 0} 7^} T£O\)

^ 1^^.4i(mass element)!- S

^l tjj7fl^ # ^ O-^A]^}-^ 6 msec^l^i 10 msec^l ^ #

40 msec7r*l# BB «fl^^l ^ ^ " ^ l ^ ^ 2 msecS. ^>aj 205)5]

:71

>D
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(a) 3x3 cell grid

(b) 5x5 cell grid

3.1 FE model of H type specimen for dynamic analysis
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3.2 Boundary condition for dynamic analysis
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°l#(discrete) S ^ l tfl^

(3.1)

(3-2)

^^^ explicit

explicit 2 ] ^ ] ^ ^

(3.3)

(/ + A/)} = {D(/)}+ (A/ /2 ) [{D( / )}+ {/)(/ + A/)}] (3.4b)

Explicit ^ ^

Nemark-p ^-7} ^ ^ j c f . ^ ^ o . S explicit

(3.5)
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3.3 Impact force of H type 3x3 cell grid by dynamic analysis
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3.4 Impact force of H type 3x3 cell grid by dynamic analysis
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3.6 Equivalent plastic strain contour of H type 3x3 cell grid
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3.7 Impact mode shape of H type 3x3 cell grid
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3.7 Impact mode shape of H type 3x3 cell grid(continued)
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3.8 Impact force of H type 5x5 cell grid by dynamic analysis
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3.9 Impact force of H type 5x5 cell grid by dynamic analysis
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3.12 Impact mode shape of H type 5x5 cell grid
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3.12 Impact mode shape of H type 5x5 cell grid(continued)
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3.13 Critical impact force of H type 3x3 cell grid by dynamic analysis
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3.14 Comparison of critical impact velocity of H type 3x3 cell grid
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5 . 4.1 Comparisons of the critical impact force of 3x3 cell grid by impact test

Classification

KOFAtype

Doublet type

Swirl type

Htype

Critical

(mm)

drop height

57.15

57.15

63.5

76.2

Critical

(N)

impact force

4107

2687

4019

5364

Critical impact

acceleration (g)

16.6

11.19

16.4

21.45

U

. 3x3

0.29 0.33 m/sec,

fe 0.33 olH 0.36 m/sec#

o.3O m/sec,

4.2 Comparisons of the critical impact velocity of 3x3 cell grid by impact test

Classification

KOFA Type

Doublet Type

Swirl Type

HType

Critical impact velocity range (m/sec)

0.27 ~ 0.30

0.27-0.30

0.29 ~ 0.33

0.33 ~ 0.36

Average value (m/sec)

0.29

0.29

0.30

0.33

Q

°1
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4.3 Comparisons of the critical impact force of 5x5 cell grid by impact test

Classification

Swirl type

Htype

Dipper type
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Critical

(mm)

drop

57.15

57.15

63.5

76.2

height Critical

(N)

impact force

2912
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acceleration (g)

11.48
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15.49

15.24

Lr i —j _n

. 5x5

0.30 m/sec,

fe 0.30

A
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3£ 4.4 Comparisons of the critical impact velocity of 5x5 cell grid by impact test

Classification

Swirl Type

HType

Dipper Type

Multi-spring

Type

Critical

(m/sec)

impact

0.29-

0.29-

0.30-

0.30-

velocity

-0.30

-0.30

-0.33

-0.32

range Average value (m/sec)

0.29

0.29

0.32

0.30

Q

5x5

t).5.7(|

l r ^ 3x3

^r 3x3 €
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4.1 Comparison result of impact force of 3x3 cell grid
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4.4 Duration time of 5x5 cell grid by impact test
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2M

^ ^ 21

4.5 Comparison results between test and analysis of H type 3x3 cell grid

Classification

Impact test

Dynamic

analysis

Difference

PcrCN)

5364

5457

-1.7

Vcr (m/sec)

0.33

0.40

-21.2%

Mode shape

Shear mode

NA

Duration time (msec)

7

8

-14.3 %

3 . 4.6 Comparison results between test and analysis of H type 5x5 cell grid

Classification

Impact test

Dynamic

analysis

Difference

PcrCN)

5364

5457

-1.7

Vcr (m/sec)

0.33

0.40

-21.2%

Mode shape

Shear mode

NA

Duration time (msec)

7

8

-14.3 %

Pc r: critical impact force

Vcr: critical impact velocity

(test value - analysis result)
Difference = •

test value
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