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A Study for Seismic Design of Refueling Machine iudkear

Power Plant

Young-Hwan Kim

Department of Mechanical Engineering, Graduate Schoo
Korea Maritime University

Abstract

The analysis uses the seismic response curves ((FHE) for SINKORI 3/4
that were reflected the revision to the seismicuitegqnent of nuclear power plant.
New curves contain higher amplitude than those m@vipus nuclear power plants
in Korea. The structure was modeled using finitement techniques. Calculated
stresses from finite element model are evaluate@dcdecordance with design criteria
of KEPIC MCN, 2000.

The Refueling Machine (RM) consists of two struatuparts of bridge and
trolley. The bridge structure is approximately 81b long and 5 m wide and is
primarily composed of two 700 mm deep wide flangectisns spanning the
reactor area at the operating level. A trolley dtiee is mounted on wheels that
roll on the rails of the bridge structure.

The trolley supports a tubular mast which extenggraximately 8.5 m below
the trolley. This tube houses a movable hoist abfemvhich can extend an

additional 5 m during operation.



The model drawing which is included as part of théport shows the finite
model in detail. Geometry, element numbers and sgysnlare described on the
model drawings. The base structures of RM are tiadl gor bridge, trolley, mast
and hoist and the beam for hoist frame and grap@letrolley assembly is
mounted on wheels and assumed positioned at twatibms of side and center on
the rails of the bridge structure.

The seismic analysis utilizes the response spectamalysis. The mode shapes
and spatial components for the X, Y and Z directiomere combined using the
square root if the sum of the squares (SRSS) metlidasely spaced modes are
combined in accordance with NRC Reg. Guide 1.92.

The natural frequencies are used by the first fiftpdes in the seismic analysis
of the ANSYS. It can be seen that the higher modesnot have a significant
effect on the results.

The stresses in all element due to the static amsinge loads were combined
and evaluated with respect to the allowable stré&s® stresses of welds and bolts

also are checked based on KEPIC SWS and MCN 2314.
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T AHE AKAE o e H-g 279 738 A (finite element)
2 Urola 7t AH HES HMFE Sk v wAAS HEdy
(variational principle), 7F&Ztod ¥ (method of weighted residual), ©l|U A
dH(energy balance approach)s= ©]&3to] Al-F-aL o] mEWAHAS o]
&3] Feailgas wEo 7 HAHoA e W eSS Fote W

¥
th FRALNS BT WAGE A BEAAn A=A ] o) o

B oATelA AEE mE S4 oES A%k thew 2 9RERY

918 wE {FH)}E vE 9 AFE A]2"(multi degree-of-freedom

[ {z@) + [ @)+ [&] z @)} = {#(¢)} (2.1)

A7 (M), (4, (K= 424 AFdH(mass matrix), 74132 (damping
matrix), A4 @D (stiffness matrix)S  JeRR, {z@)}, {20)}, {=@)},
{(Ft)}e Z2t Ade) 714, $5, W19, 28 8% WHS Yy, 2=
e glste] 4 2.DelA A FE oy e S A9 F S A AE
oz yehd 4 (2.2% 9 F Atk

[ {z() }+ (K] {z(t)}= {0} (2.2)
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Fig. 1 Idealized model

Wel W (o)} AN Az g5, of Wl WEHE FH 3

e {oreh AIRMAQ WsEkS gt)e] o= Aoty aPa o) E =53

T2 el A (2.3)3 #Zo] yEeRd 4 Qla o] A8 (2.2)d] tiyshd 2
245 58 4+ dr}
{z(t)}={D}q(t) = {®}sinwt (2.3)
(—w?[M]+ [K]){@}= {0} (2.4)

2 (2.4)0A4 2= A WERQ {o}7) 00] ofd #WE 7} ¥7] s s LFA
(eigenvalue)E €7] ¢33+ EAIWA 2 (characteristic equation) 2] (2.5)& Wk
=3 oF gy,

det(—w? [ M+ [K])=0 (2.5)

2 (25)% EW AFE wle AR g8 wE 7T 3la, A7 22 A
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(@] 2} et
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U502 HEE 7|9 %(mode participation factor)®} & 2 (effective

mass)S At Ak WS o (e FHa A Wle) UFd FEE

ddl M9E 2@)et & W FxEe] Al W19 1, (0) 5, #) =z, ¢) ()]t
A (225 Ad ¥ 2,@)9 Fo= AEstd A (2.7)3 2t

(M) ) )+ LK ({a (D} {, (0)})= (0} 2.7
223 A @NS A B al)el B o Fdsw A (2.8)F e
4 9l

[} (K ()= [M{x, @) (2.8)

714 WS MY {a@)}E A (2.9)9F Zo] A
of &t Als I W {¢(t)} = HeEbd 5+ 3

{z()}=[2H{q(t)} (2.9)



o] A=ady} g de sk 2 WA (orthogonality)wiol 2 (2.10)3

o] ZF R Al tste] vjAdE WAAS IS 5 A, A (21009 §-
WS 2 (2.1DF Zo] RE 7ok WY {12 Fo 5 3}
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{£}= (o] [M{1} (2.11)
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T TERAN AT 8.V
_ agasleass
= A F g e Ee A5 (3.2)

AAm AF FA9) RMe FRPRAL AW 2FE 72 poe 7Y

LA
7} Case H &l tjgh A& Table 1o sttt
A 8 aE 484 4 QA(elastic shell element, SHELL63) 4287971,
247 W Q2(elastic beam element, BEAM4) 15777], 123 H 224
(structural mass element, MASS21) 2271o]™, A7 4564572 o]Fo{# 3]
oh AR 249 P42 Fig. 79 LERY T

Table 1 Analysis cases

Description

The trolley is at the end of the bridge.

Case A | The hoist box in the full up position with fuel.

The trolley is at the end of the bridge and thetra@sing pins are in

Case B place. The hoist box in the full up position witlo fuel.
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Hoist box

/ Trolley

Mast

¥
f——s
1/ North-South

East-West

Fig. 4 Modeling of refueling machine (Case B)
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Fig. 5 Mesh shape for Case A
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Fig. 6 Mesh shape for Case B
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7 SX{MID)
SX(BOT)

(a) SHELL63

TZ i SEZT TY
r'“ - SDIR
.
v

- ki

—P-i r-4— SDIR — - L— SBYB
(b) BEAM4

2 M My Ve
s

- z e
X 1\‘ y
Y Element coordinate system
X

shown for KEYOPT{2j = 1

(c) MASS21

Fig. 7 Element geometry
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7491 SUS304E AH&et om, SA A= Table 20 YEWAT. 2+ 54X
=

QaRd A8FH 227 849 BEAM49

Table 2 Material properties

1 | A36, SS400 203 03 248 785"

2 SUS304 195 0.29 207 *11000 mast

3 SUS304 195 0.29 207 *15000|  hoist bdx
4 | A36, SS400 203 0.3 248 *9800 bridge
5 | A36, SS400 203 0.3 248 *12800 trolley

*HOOOkg/m3 . equivalent density for mast (2474kg)
#15000kg/m® : equivalent density for hoist box (1685kg)
%9800kg/m®  : equivalent density for bridge (9564kg)

¥12800kg/m® : equivalent density for trolley (5777kg)
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Table 3 Real constant of MASS21

No. Description Mass (kg)
1 Bridge drive 180
2 Trolley drive 175
3 Hoist drive 200
4 Mast drive 51
5 Control console 800
6 Dummy fuel 675
7 Pneumatic control panel 200
8 Misc. 150
Table 4 Real constant of BEAM4
No. Description | Area(f) | ly(m®) | 1Am*") | Th_y(m)| Th_z(m) Remark
1 Bar 0.00544| 3.28E-06 1.86E-06 0.064 0.085 Rail
2 Angle 0.0019 | 1.80E-06 1.80E-06 0.1
3 Channel 0.00086p 7.44E-07 1.36E{07  0.04 0.075
4 Angle 0.000684 2.33E-07 2.33E-07 0.06 0.06
5 Angle 0.00037% 5.56E-08 5.56E-08 0.04 0.04
6 Square tubing| 0.003276 4.57E-06 4.57E-06 1 0.1
7 Pipe 0.000692 1.63E-Q7 1.63E-07 0.0483 0.0483
8 Beam 0.003164 7.96E-Q7 7.96E-07 0.0635 0.0635
9 Beam 0.008085 5.20E-06 5.20E-06 0.1015  0.1015 Grapple
10 Bar 0.0025| 5.21E-Of 5.21E-07  0.03 0.0% Pad
11 Beam 0.006353 1.60E-05 4.72E405 0.2 0.7 Bracket

- 19 -



Table 5 Real constant of SHELLG63

No. Description| Thickness (m) No. Description | Thickness (m)
1 Plate 0.0190 11 Plate 0.0120
2 Plate 0.0130 12 Plate 0.0410
3 Plate 0.0090 13 Plate 0.0320
4 Plate 0.0507 14 Plate 0.0227
5 Plate 0.0355 15 Plate 0.0550
6 Plate 0.0300 16 Plate 0.0060
7 Plate 0.0427 17 Plate 0.0210
8 Plate 0.0255 18 Plate 0.0635
9 Plate 0.0100 19 Plate 0.0830
10 Plate 0.0160 20 Plate 0.0390

a2 A Aiola AAR=7F e A ZEE MCN 2154.39)
et A&l LA A AddA FAREsE BARS A FAR=
T~ (participation factor)”} U™A] REE9 HI7|oA KT}
1 =7F vk, b BARES] EET|o A7 A Aol A =

H AAEY oM RE 23e & ) ARl AAlR=R ARt

)
it

- 20 -
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= F = G IT =1 = 1T =1 L X
D

Fig. 8 Position of boundary condition

Table 6 Boundary condition

UX uy uz ROT X ROT Y ROT z
A O O O = - -
Bridge B O O s > B B
wheels c _ o ®) N — —
D — O R - - -
E O O O - - -
Trolley F O O O B B B
wheels G _ O O _ — —
H - O O - - -

O : Fixed boundary condition

- 21 -




dAn FHF A RMo AFEH Aames duk Fx28 AAAel SS400,
A363 2~E|Q1g]A7F¢] SUS3040)H, 3 Zw= 7FzF 248MPa, 207MPa©|
ol FERE S we FREY 1AsF(dead load)¥ FalF(live

load)& &3t &dZA(operating condition)®} <HdA A X X2 (SSE

. safe
shutdown earthquake) stz 1#s SSE x| disk & §8€& 717
Fatojol gk, olo] MCN 23110) et ofejsh o] 314 S AQaislo
W, Table 701 7 A5e] 84 ¢S Felahsich
Operating condition SSE condition
34 245 (s,) : 0.500, 38 2145%(s,) : 0.900,
58 458(0) : 0500, 518 2522 (0) : 0.900,
518 H32(0,) © 0.400, 518 A2 (0,) : 0.500,
Table 7 Allowable Stress (unit : MPa)
Operating condition SSE condition
Material SS400, A36 SUS304 SS400, A36 SUS304
o, 124.0 103.5 223.2 186.3
o, 124.0 103.5 223.2 186.3
o, 99.2 82.8 124.0 103.5

- 22 -



18
'
b
AN
s
0%
py
=

M2l 1243}5(dead load)¥} &3t (live load)S 2L

9@ ebdy WkE s T2 A4S F9st RMe) 24
i

Atk Eg Fig. 11 ~ 12¢] Z} Caseol Wigh W9 X5 Yehflon,
Table 9o 52 component®] Ho WS At dx=dd o
TxE|A ] ANE BAE B FolE 238l = Case A7} FolE X3
shA] &2 Case BHT & &8Ho] YERPAAT, F 7FA] Case B5F 385
HS wEde AL g £ duh =3, F /1A Case EFOlA U7}

8.5m¢l 1 Fx= I3 HIA] FGFolA 7 Z Aol LAY

Table 8 Maximum stress (unit : MPa)
Case A Case B
Maximum
von Mises 53.2 51.1
stress
Table 9 Maximum displacement (unit : mm)
Displacement »
Node No. - - - - - - Position
x-direction y-direction z-direction
50041 0.170 -1.782 -0.012 Bridge ass'y
C:se 34485 0.128 -2.099 0.460 Trolley ass'y
74841 4.053 -1.266 1.908 Mast
50041 0.126 -2.064 2.121 Bridge ass'y
C;se 34485 0.156 -1.713 1.720 Trolley ass'y
74841 3.859 -1.184 1.794 Mast

- 23 -
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Fig. 9 Distribution of von Mises stress operatinghdition for Case A
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Fig. 10 Distribution of von Mises stress operatinondition for Case B
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A

Refueling Machine
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NODAL SOLUTION
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Fig. 11 Distribution of displacement on operatinghaition for

A

Refueling Machine
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Fig. 12 Distribution of displacement on operatingndition for
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Table 10 Modal frequencies for Case A

(unit : Hz)

selz\:lqz(::ice Modal : selz\:lqz(::ice Modal : selz\:lqz(::ice Modal :

number frequencies number frequencies number frequencies
1 0.616 18 40.287 35 63.127
2 4.190 19 41.077 36 64.641
3 4.398 20 42.360 37 65.635
4 11.052 21 42.543 38 68.936
5 12.495 22 45.215 39 69.616
6 14.743 23 48.635 40 70.313
7 15.696 24 49.133 41 70.889
8 18.118 25 49.337 42 72.991
9 18.632 26 51.250 43 73.793
10 20.900 27 52.932 44 76.376
11 21.222 28 53.381 45 77.118
12 23.901 29 53.770 46 79.258
13 25.235 30 55.484 47 80.837
14 29.798 31 56.621 48 81.487
15 32.467 32 58.735 49 83.165
16 35.848 33 60.627 50 84.378
17 36.850 34 62.637
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Table 11 Modal frequencies for Case B

(unit : Hz)

selz\:lqz(::ice Modal : selz\:lqz(::ice Modal : selz\:lqz(::ice Modal :

number frequencies number frequencies number frequencies
1 0.616 18 39.351 35 63.598
2 11.064 19 39.611 36 61.715
3 11.399 20 41.985 37 66.872
4 12.207 21 42.597 38 69.173
5 12.537 22 45.185 39 69.994
6 14.722 23 48.516 40 70.268
7 15.729 24 49.180 41 71.432
8 17.654 25 49.296 42 72.766
9 18.397 26 51.076 43 74.404
10 20.212 27 52.906 44 77.136
11 20.835 28 53.475 45 78.368
12 23.270 29 53.977 46 80.912
13 23.725 30 55.469 47 81.572
14 28.673 31 55.931 48 82.977
15 33.041 32 59.128 49 83.124
16 34.946 33 61.180 50 83.556
17 36.864 34 62.602
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Table 12 Effective mass in the Xx-direction (unit : kg)
sngiice Effective sngiice Effective szzice Effective sngiice Effective
number mass number X number Pass number mass

1 0.0 14 4.5 27 64.9 40 29.5
2 1777.9 15 8.3 28 15.1 41 1.7
3 279.0 16 279.5 29 0.0 42 11.6
4 176.7 17 100.5 30 389.1 43 0.1
5 120.6 18 133.1 31 0.5 44 2.5
6 328.0 19 21.0 32 387.7 45 4.7
7 236.0 20 8.9 33 109.0 46 14.8
8 41.8 21 86.9 34 0.2 47 8.3
9 5016.1 22 16.7 35 29.5 48 4.4
10 832.0 23 88.4 36 1.1 49 2.5
11 13.5 24 17.6 37 36.3 50 0.0
12 190.3 25 5.3 38 17.7

13 7869.7 26 20.6 39 0.2
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Table 13 Effective mass in the y-direction

(unit : kg)

selz\:lqztiice Effective selz\:lqztiice Effective selz\:lqztiice Effective selz\:lqztiice Effective

number mass number mass number mass number mass
1 0.0 14 100.8 27 171.2 40 1.9
2 15.3 15 26.5 28 7.8 41 100.0
3 27.9 16 48.9 29 0.3 42 14.6
4 3.9 17 32.0 30 0.9 43 0.7
5 771.8 18 1.3 31 3.2 44 7.2
6 1620.0 19 148.6 32 200.0 45 0.0
7 11743.4 20 14 33 12.1 46 17.4
8 18.2 21 186.4 34 186.5 47 0.5
9 948.7 22 212.2 35 1.6 48 2.2
10 75.8 23 17.3 36 0.6 49 0.0
11 202.8 24 62.2 37 7.8 50 0.5
12 1.6 25 385.6 38 1.9
13 0.2 26 77.3 39 5.7

Table 14 Effective mass in the z-direction (unit : kg)

s:flqz((jeice Effective s:flqz((jeice Effective s;\:lqz((jeice Effective s:flqz((jeice Effective

number mass number s number o number mass
1 0.0 14 0.1 27 12.4 40 5.9
2 299.2 15 4.8 28 0.3 41 10.0
3 1872.3 16 1368.9 29 0.0 42 2.6
4 10187.5 17 27.2 30 10.3 43 0.4
5 350.0 18 31.2 31 0.0 44 26.2
6 2.9 19 13.4 32 194 45 38.6
7 58.1 20 336.4 33 0.5 46 99.2
8 369.0 21 7.7 34 1.3 47 33.8
9 103.9 22 29.5 35 7.8 48 2.6
10 111.0 23 16.0 36 0.1 49 5.3
11 237.7 24 13.0 37 2.8 50 1.1
12 10.2 25 10.5 38 113.9
13 236.4 26 20.2 39 18.4
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Table 15 Sum

of effective masses

Sum of effective masses (ton) Ratio to total mas3 (%
x-direction 18.804 96
y-direction 17.475 89
z-direction 16.130 82
Effective mass

14000

12000
& 10000
% 8000
_g 5000 B Direction X

2000

1 3 3

79 11 13 15 17 19 21 23 23 27 29 31 33 35 37 39 41 43 45 47 49

Mode sequence number

Fig. 25 Effective masses
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Fig. 26 North-South direction reference responsectspe

Table 16 North-South direction reference responsertsp

Reference Response Spectra (Global X)

No- Frequency (Hz) Acceleration (g)
1 0.50 0.52
2 0.80 0.55
3 2.00 1.30
4 2.75 1.40
5 3.00 1.60
6 3.40 1.65
7 3.70 1.85
8 4.20 1.85
9 5.90 4.60
10 9.10 4.60
11 15.00 1.20
12 36.00 1.20
13 50.00 1.00
14 100.00 1.00
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Fig. 27 East-West direction reference response ispect

Table 17 East-West direction reference responsetrspec

Reference Response Spectra (Global Y)
No- Frequency (Hz) Acceleration (g)
1 0.50 0.40
2 0.61 0.54
3 0.76 0.54
4 1.90 1.30
5 4.30 1.40
6 6.50 1.90
7 9.00 3.90
8 15.50 3.90
9 25.00 1.00
10 50.00 0.90
11 100.00 0.90
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Fig. 28 Vertical direction reference response spectr

Table 18 Vertical direction reference response saect

Reference Response Spectra (Global Z2)
No- Frequency (Hz) Acceleration (g)
1 0.50 0.30
2 0.70 0.41
3 0.94 0.41
4 1.00 0.54
5 2.80 1.20
6 6.20 1.25
7 11.80 1.20
8 23.00 1.55
9 37.00 1.55
10 50.00 0.75
11 100.00 0.75
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Table 19 Maximum stress (unit : MPa)
Case A Case B
Maximum
von Mises 205 210
stress
Table 20 Maximum displacement (unit : mm)
Displacement .
Node No. — T | — Position
x-direction y-direction z-direction
50041 0.843 17.589 16.020 Bridge ass'y
C:se 34485 0.832 1.957 5.589 Trolley ass'y
74841 43.133 2.119 31.725 Mast
50041 1.007 17.496 15.731 Bridge ass'y
Cgse 34486 0.937 1.858 5.380 Trolley ass'
97063 1.510 1.169 2.092 Mast
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- GUIDE ROLLER ASSYY

Refueling Machine

Fig. 34 Bolt joint generating high stress at bridge
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Fig. 35 Bolt joint at guide roller ass'y
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JIS SCM435 Bolts
D=0.024m d=0.020752m

Bolt section area

.

1 A=3.382 <10 *m?

A=

Reaction force

F, =895420N
Force at CG

P =F, P, =8.954X10°N
M, =0.076 < F, M, = 6.805 X 10" Nm
M, =0.368 X F, M, =3.295 <10’ Nim

For shear stress

Direct shear stress

F'=

' =6.024 <10°
Y =T F'=6.024x10°Pa

Shear stress due to torsion

1
F’zn, - Z

M, ><0.1235)

01235 F,, =1.795x10°Pa
0.
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Resultant shear stress

: - 115
—;'__'L' L _J_,-" pr— —_
T 0 = atan 5 )
0 =68.64°
<0
\P _
Fe

Fo=J(F/ +F, xcos(0)?+(F,, <sin(0))?

F.=2.091x10°Pa= 209.1MPa < 7, =242MPa

For tensile stress

Tensile stress due to torsion

1 M, ><0.277 ‘
== 5 s T, =3.53<10°Pa
A\ 2x0.277% +20.047

Resultant tensile stress

F,=1T,=353x10°Pa=353MPa < 0, =466MPa

FEEY ol &e FAGE SUF £ BERY AN APaE 7 B
& 2

a4 0] 312w o] o .

- 57 -



_—~Weld

CG

b
Fig. 36 Weld shape
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Table 21 Unit moment of inertia

Weld Throat area Position of G Unit moment of inertia
=8 4 A, =0.707td z=0 I = d*/12
:HI y=d/2

L

m -
IR d! A, =1.414td w=b/2 I, =d/6
yj_;l LW y= d/2

e
JEE: S A, =1.414td w=b/2 I, = bd*/2
¥ b y= d/2 '

L:?:

by } 2 2
a6 || A, =0707t@b+d) | T 3G+a) 1= (6b+a)
¥y = 12

B y=d/2

" g
: x=0b/2 —oPB_a_ o2
e j A, =0.707t(b+2d) | _ g b Qd( 3 ?ﬁ?y
y= +(b+2d)y

. b+ 2d

S
]
Gld | A,=1.414t(b+4d) z=b/2 7 :£(3b+d)
3] “ y=d/2 ‘6
¥
b
) z=b/2 3 2~
Y - e —Q_
G4 | A, =0707t0+2d) | _ g2 fe=2d"=3 2%3/
| Y= b od +(b+2d)y
NED
< b
- 2
cd | A,=1.414t(b+d) T=b/2 4 g
3] ’ y=d/2 h="glebtd)
NE1
@ A, = 1.414xtr I =nr’
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Table 22 Unit polar moment of inertia

Weld Throat area Position of G Unit polar moment of ireerti
G A, =0.707td z=0 I =d*/12
Jidg y=d/2 /
et _
G E[ A, =1.414td 2=1b/2 I =d/6
3 LJ y=d/2 '
h—b _ b2
T 20+ d)
e |¢ A, =0.707t(b+d) p I,=bd’/2
b —_
Lz Y20 ra)
— b2
= d*
ﬂ—--G d A, =0.707t(2b+d) 2(b+d) I = E(61)4_ d)
e y=d/2
el
— _ 3 _ o 2
Al | Ae=1a1atra) z=b/2 fe=2d"=3=2dy
L y=d/2 +(b+2d)y
d2
@ A, = 1.414xtr g = F(3b+ d)
5.3.1 &34 sl oAl
S35 59 sl dist AEAHR] dAlE T3 1 AAfol| tisA] Yol ES
Stk E2Ele] Tol~E xyqe] SR SN S SR on), §iIRe
F7&2 Fig. 340 vl on, 835 = 4mme] F3l-83 o] ¥ 3l
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. Hoist box

gk x

Refueling Machine

Fig. 37 Weld shape

75mm

" 75mm

Fig. 38 Weld shape

Weld shape data

d=0.075m x=1b/2=0.0375m y=d/2=0.0375m

b=0.075m
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Weld thickness t=0.004m

Throat area A, =1.414t(b+d) ., = 0.0008484m”
d2
L=+ (3b+d) I, =0.00028125m”
b2
L= E(3d+b) I =0.00028125m"
_ (b+a)? 3
I = J, = 0.0005625m
Force at CG
P, =5502N P, =32803N P, =21234N
M, = 3482Nm M, = 115Nm M, =908 Nim
P, MC
frow = —F— fow =6492815Pa= 6MPa
A’IU L]U
P, MC,
Fu- =7 — fop. = 25035955 Pa = 25 MPa
P, MC MG,
fu=Gt fo = 39249878 Pa = 39MPa

Total stress

n = \/(f11,':1: >2 + (fU,'Z >2 + ('-f’IUt )2 fﬂ, = 46MPO/ < O—(Ml,' = 217MPa
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