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Impact Analysis of Free-drop Test for CFR600 Core Assembly
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Abstract: Evaluating the influence of core assembly drop on the structural integrity and internal rod sealing is an
important component of assembly security appraisal. In this paper, the impact test outside the reactor and numerical
simulation analysis of analog core assembly were performed for the accidental drops during refueling and
transportation. The results of the free-drop test and simulation from different heights were studied and compared for
the analog assembly, and the acceleration and strain response time history under impact loading were also analyzed. It
was found that the strain waveform gradually changed from a sine wave to a square wave from top to bottom along the
assembly section. When the drop height reached 1500mm, a large local plastic deformation occurred in the position of
the assembly pin. After that, the drop height increased and the peak acceleration started to decrease.
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Fig.1 Analysis model of fuselage panel
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Fig.2 Schematic diagram of the assembly free-drop test site
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Fig.4 The acceleration response time history of the free drop test
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Fig. 6 Strain measuring point location

T T 400 T 400 T T T
200mm 325.20
300 ; 200mm 267.95, 200mm 2695
200 L 200 4
150 M n M
AA 04 0 il M { Jﬂ V A‘l
g 0 " V w Ll W
: V 1 1
T 450 § 200 § -200 ]
@ @ 3 cy3
3004 A1 -4004 -400
A15
450 | VN J -600-] 1 -600-| ‘::j':f
. Y o5
50518 AR 2 67357 B 612 15 T4l 2%
-600 T T T T -800 T T T T -800 T T T T
3.310 3312 3.314 3.316 3.318 3.320 3.310 3.312 3314 3.316 3.318 3.320 3.310 3.312 3.314 3.316 3.318 3.320
Time,s Time,s Time,s
a) A FTH il 1] 2 A b) B il 7] B3 ¢) C AT il 1) |2 A%
T T T T
133.88 150 T T 400 . . .
200mm 200mm 121,58 200mm 31559
1004 100 J
57.48,
50 J
o B AT
s YV W . o | ers N AT S B
£ E “’V\V \! VRV V\}\/ V 4
= 1004 e 4 4 e
& 100 g @
-100-| 4
-200
450 -146.86
N -800 F13 N
3004 DRI B | 2001 et EMmAARE ] FARITI 1222
-201.84 -905.36
T T T T T v v T 1000 : T v T
3.310 3.312 3.314 3.316 3.318 3320 3.310 3312 3314 3316 3318 3.320 3310 3312 3314 3.316 3318 3320
Time,s Time,s Time,s
d) D T Al 7] 82 A% e) E 2kl ) R AR £) F 38T Al ) S 4%
400 : . " T
200mm 273.92
2004
o4
S
§ -200
7]
400
-600 - B
727631 G i 2
-800 T T T T
3.310 3312 3314 3.316 3318 3.320
Time,s

g) G i il v 822
P 7 kv i 200mm (5 H kR X6 10 el v S8 A% ) 7 N AR
Fig.7 Axial strain response time history of the free drop test with a drop height of 200mm



32 B E S5 KR 2021 £
500 1000mM ' '527‘92 o 1000mm | ‘ o dyrad ‘ o 1000mm )
250 500 601.26) 500 534 02
g N . 0 .0
_g 250 g M\w § W
3 500 5 w0l & -s00-]
750 -10004
10004 I 983 813 1320001 15
1250 113 04 AR IR ] 1286, ;231231 B4l % 15004 -1460.27 G2 |
4.962 4. 964 4. 956 4. 9‘63 4. 9‘70 4.972 ? 503.962 4.964 4. 966 4. 968 4.970 4972 4.962 4. 964 4. 966 4. 965 4. 970 4.972
Time,s Time,s Time,s
a) A BRIl 17 B A% b) B A [l 7] AR c) C A B AE
100 1000mm ' TnEs R v ‘ 61 o 3001 4000mm | 127226 20
‘ Mah M 0 7937@/\“ }/‘u\n AN
0 Wi 0 Wv Al
-100 1 W J -300 M J
1 . -100 .
& 200 1 2 600 J
£ £ £
@ 300 1B 00 @ 900
400 - D11 4 -1200
DK 1 2 -300+ 30372 F13 u
5001 s0500Y 013 ] saaas o EARTE i 17 2 75007 -1568.23 ¥615.86 e FRRIISIFRS
-600 . 52845 ; ; 400 . . . 1800 __-16506a~F 11 i '
4962 4964 4966 4968 4970 4972 a%62 4964 4966 4968 4970 4972 4962 4968 4966 4968 4970 4972
Time,s Time,s ime,s
d) D 81 Fli 1) R2 AR ¢) E 48 i ) R AR £) F A1l 1 82438
1000mm ' ' ' '
300 - 218.47
[ I
. -3004
<
g
& 600
-900 4
1200 B 4
’ G Al i R A
1500 1367 72 G13 . . '
4962 4964 4966 4968 4970 4972
Time,s
g) G A I il 7] ¥ 38
Bl 8 BkikE B 1000mm [ HH kv 14 il e B2 AL 1 o7 o 2
Fig.8 Axial strain response time history of the free drop test with a drop height of 1000mm
WA RABGER R B RIS 123 BBRAH
B, XFE—ANAET, MBI A 2 C, AR I DU HE R mfL, L =H v/ L,

AR FEAS L IR PSS, i 2 D A

i N —HAKRAL, BEREE R A6 6 ML &
R AL LR FLIE BRI RS R A 10

E, WAFH IBE B3N, JH F B G N AR
@;fﬂ“ PR, R EARI G e WIS, PR 1500mm
Ny 1o =T LY 5y N
W C R D A BT A s gy AR
- WL 6 By AR A E KD , B C AL TR 2 BHEER
5% L EANES L, AR D A TR AE TR WP H A B3 BB RS sLbs Tk, 18
SLhh, ST ER A A LR 15 B S HE s A — 5, Abaqus/Explicit @A R4 RT A PR oA,

9 CNI1515. P/ AL IR R TR, T AR A
B, X SAM NS DI HAEA
RAESEAE PN HET I, 21 AT B R A il
G, N MET D BIE C LR+,
B T2 A 7N A1 IR T AL /N, LR, A
R C MRS K T8I D [FFERT, AT
AL E AT F AL G, BAREE G WL b
U5t AR R T A5 0 R A AR T A i Ak i A ARk
AT G N AR I /N T4 Fo

BEAT AR B B ERVE e b, LA R
(). BV AR A G,
H, AR 128162 > C3DIOM Byt A1 22980
A~ C3D8R Hyt, Md#EE R 61864 1~ C3DSR
BLIG, R PR RS R . S S M RN
CN-1515 (AT , HiptERiE N 162GPa,
EHIMELN CN-1515 (AR , Hoptfg N
149GPa, PRI RLI R R4S 42 an &l 11(b) A
o (ERLRLE RS, ARSI A 2(3) 5
Rif%, 0 P e kiR Efuh . 1) ) R4 R



48 E 31 HEPE

CFRO600 Mt 244 ) Fi Bk VA3 56 Ao v o i N2 43 AT

33

B 0.2 AL AE IR A5 40 & 2 8] AR AR
B Z a2 Tz R T SRR AL 200mm

500mm. 1000mm-. 1500mm F1 2000mm = 4 i 2
VAN

T § T T T 1000 ! 1062.48 T T
500 50234 —-A13 1 2000mm 1000 2000mm 4
4160 635.65,
‘ ATt M 500 47761
0 hoa N“\ i L M 500 c15 p
YN
ES \’V/\/ V VW s 0 \ A' Mo . A
§ < WMAT o
& 500+ 18 i
500+ 1 @ 500 R
1000 o
A1 ~1000+ B13'| | 95932 1 -1000- B
-1292 68A13 AL i 0 2% B11 126149 Bk i il 7 2% -1155.55 CAk T Al 1) ]9 AR
1500 ; , T T T ; 12907 : T : -1500 , , T T T
3.712 3.714 3.716 3.718 3.720 3712 3714 3.716 3718 3.720 3712 3714 3.716 3718 3.720
Time,s Time,s Time,s
a) A il RAR b) B A I8 il 7] VAR c) C i 4l 1] F2 AR
2000mm T 40.30 T 100 T T T T T 500 T T T T
o 25120 & A 2000mm 2572 2000mm 152.33
v ¥ )
W 0 e 0 M
1504 ]
100-| B -500 -
S ! E11 E3
-300 4 1 : -
'E § -2004 R §-10004
* 7] 7]
-450 4 T 300 p -1500 -
D13
-600 %613.18 1 400 T 2000 - )
i vodl DAl L 42011 B L2 e PR 2
-750 v — T T T -500 : T : T T 2500 T T : T T
3712 3.714 3.716 3718 3.720 3.712 3.714 3.716 3718 3720 3.712 3714 3.716 3.718 3720
Time,s Time,s Time,s
d) D T Al 7] 82 A e) E a8kl ) AR f) F A il ] N2 A%
T T T T T
1000 2000mm 999.30 4
ol W
F
g
7]
-500
1000
G13 G il 2 42
1500 —'1294.56 . . . .
3712 3714 3716 3.718 3720
Time,s
g) G AT il 7] 82 A%
% S B R =l
9 BRVE S 2000mm [ H kA 10 PR il e N AR R 8N AR
Fig. 9 Axial strain response time history of the free drop test with a drop height of 2000mm
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