Structural Analysis of Robot Structure Handling Nuclear Fuel Assembly
in Liquid Metal Reactor Vessel | : Rigid Body Dynamic Analysis
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Abstract

Mutidisciplinary analyses(e.g., kinematic analysis, kinetic analysis, solid mechanics analysis etc.)
should be performed simultaneously to get design parameters for the basic design of robot structure
handling nuclear fuel assembly in Liquid Metal Reactor(LMR). But these analyses also should have
their inter organic relations. Hence, Multidisciplinary Design Optimization methodology is very required
for this study. This paper reported here describes the rigid body dynamic analysis on the motion of
such robot structure as one of structural analysis processes using Multidisciplinary Design Optimization
methodology. The kinematic and the Xkinetic characteristics of robot’s rigid body movement are
analyzed. The analysis results show that the robot structure operates very well as expected. Also the
static structure for the solid mechanics analysis to get deflection values of robot structure is
determined through this study.

Keywords : Liquid Metal Reactor, robot structure handling nuclear fuel assembly, Muitidisciplinary
Design Optimization methodology, rigid body dynamic analysis, static structure
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Fig. 1 Schematic diagram of nuclear
reactor vessel and robot struc-
ture handling nuclear fuel assembly
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Fig. 2 Top view of nuclear fuel assembly
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MDO(Multidisciplinary Design Optimization)
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Fig. 3 Structural analysis process of robot
structure by MDO methodology
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Table 1 Input data of mobility(z,

for each case

¥ 1:7TE

A 834

Z2, 73, 6)

(Unit : cm)
Oase Case 1 | Case 2 | Case 3 | Case 4
Mobility
71 214 151.38 | 36.645 6.15
z2 214 151.38 | 36.645 6.15
z3 380 380 380 380
8 0° 21.78° 27.8° 33.7°

Table 2 Elapsed time for whole and each
detailed motion for each case

(Unit : sec)
Case
. Case 1{Case 2|Case 3|Case 4
Motion
Gripper
Motion 20 20 20 20
Detailed| Rotation
Motion Motion 0 40 40 40
Translation
Motion 50 50 50 50
Whole Motion 70 110 110 110
94 548 Folobt g B =RlN 4 start
e 2% dUFdolHe WE(p)=7.857ke/m’,

G E(E)=1.992%10"Pa,

25 7=

9] stainless steel® ©]F

F44

)=
T4H(v)=0.39 =
A2 (10ecm X 20cm) ©H 3
Ax da =28 yE

golest AUz wE 4 Sl %IOIE 351.9¢m¢$!
AAFZEZE JPPEY. dd8E

300kge] ™,

AARUET

=AM 71FEATGANE

deolE &

(2,111.7kghH &

7 A (rigid  body) 2
2 3t}h, Table 1& WiZHA <A

g8

Nl FAe

Z}%L—S_— Bmmolﬁ}. 2

Fa% W 2% U

Msa AE

augsde e Z|FFEHIAN S At £ =

2o AAEE QB HLAEE 71
@ gkelth. o s
ArmgAs}t A5 o P2 8% I

o
o 388
7 ol%E

%t Table 2& Z E%%Z}"ﬂ"i AFE

7o, z3, 09l
< AXE Al ADAMSOA] &

ZA &

3= 3

B 87) stel B3 T HAFHAF 3
2 o §3& WA o

w7l 110 2 2

g 2a¥ ALE vEbIg,

i

578 stERAIRAZEE =2F H12H M4=(1999.12)

3.4 AXA% B4 2 AT

3.4.1 Adzgugsze] +588 54
AATwAA 9 FEo U LF54E FHotst
71 JaiMe 4 A48 £, M Z2g]
9 FHREE SRS Yook gt A
(Fig. 7~Fig. 8) 2E fdu4d ddsussx
(Case 1 Case 4)° 310} Ad A% E, 24 B
= & Jlenyl dX3ln Yok £ A- B C
—’-’?EE— At 001‘31, AR A9 E9 X, yHOL
022 Yepgth ®g a8 A

i
(7] 20&%7) RE A1 #2589 &8 (2=

e Y3tz gleH 54 A5 2 Case 2~ Case 4)
A WAL= AAFAE 39 AgSEd ¢
28ty Itk EE Case 3, Case 49 s34 Aals
Fig. 8 EAIE Case 29 XAz e 7332
HaFa Atk o= Table 13 Table 29 483k
o olste] HAEC] NUY RE dARwTFEH
(Case 1~Case 4)°l Slo] d4d d=2 229 %
2 A%, YAeAE ASHE FYPEE &
"’%%Z}(Case 1~ Case 4)

' %0 AAE FFF2dd
A AAHQd HFsAL o 1

AR F3el tjste] #P& 4 ok

’

E

342 9AnnBEA) $444 54 2 H%

w2z
A A 2 Ao Hele WHF yidef wy
& A dARuHEZ A (Case DA AF
0013}‘— e ¢ F Ax, WA A $(Case 2~

st7] wigel 22 v
£ (Case 1~Case
A B~F)ojA e

Case )X E FAHLF

@ g mo -

A
i
iy

2t AAdgEs BRE €08 Y
of AAXN s FAAdE WEIF A TH(EA
Bzdd) AdsES BRI e 283t AT
Aoz WAEdE she $dde 22l9st HA
FAEA JAAFE A Aade AE € 3
HG(Fig. 9 #2). WA, GHud R ddan
252 (Case 1~Case 4)°] ol AAEw&HA|



A9% - 24

65 06
— X-Value ) — X . \alue
~=-- Y. Value N === Y-Value
PR | I Z - Value " i P Z - Value
g 4875 g 5 3 °
7] & % 2
= B €
) s % o
= 325 3 5 00
8 © .,
Ko} o §
> 1625 : D 03
i Q
0.0 4 2 06
0.0 175 350 525 700 0.0 175 350 525 700
Time (sec) Time (sec)
(a) Velocity of joint A, & (b) Acceleration of joint A, E
11.0 0.0 y
- X-Value — — X-Value “‘
=== Y-Value 8 === Y -Value A d
----- Z - Value 7] e 7. Value M il
5 825 S 0475 ' :
8 @ kS H
17} o s, :
€ > \ H
g 2. . H
> 55 é 0.95 "'. _:
8 > H
° s . ;
> 275 S 1425 s H
2 H
< AN S
~~..~ - ’
00 S -
0.0 17.5 350 525 70.0 00 175 35.0 525 700
Time (sec) Time (sec)
(c) Velocity of joint B, C (d) Angular velocity of link 7, 9
Fig. 7 Velocity, acceleration and angular acceleration of each joint and link for case 1
4.65 15.0
— X - Value & ., — X-Value
=== Y- Value 3 === Y- Value
= aq Z - Value 2" & 1004 L2 Z - Value
3 3
< 185 R <~ 50
8 : 3
K3 i E L
> 0.0 - - > 00 R Ry
LTI TTTY] 5 K
“‘~~ /"
1.55 5.0 =
0.0 275 55.0 825 1100 0.0 275 550 825 110.0
Time (sec) Time (sec)
(a) Velocity of joint A, E (b) Velocity of joint B, C
0.9 & 0465
ot *
—_ 3 * — X-Value L
8 & § === Y- Value H
B . e N
% 0.0 = < E’ 0.34 Z - Value :,
2 3 s :
2 . H s :
‘g 09 ooy H ® 0185 H
o< Tee J g ;
3 e S 3 H
® = Q Gl
S 1.8 < 0.0 - -
o - X-Value © . PR e
2 === Y - Value =i .,,';_--'
""" Z - Value g’
27 < .0155
0.0 275 55.0 825 110.0 0.0 275 55.0 825 110.0
Time (sec) Time (sec)

(c) Angular velocity of link 7, 9

(d) Angular acceleration of link 7, 9

Fig. 8 Velocity, acceleration and angular acceleration of each joint and link for case 2

579

BEmMTRTEE =28 A123 M45(1999.12)

iz



GAFEE GARRBYAY PRAN [ 71 FFL o4

30000 Mo,
2%,
S — JOINT- A "o,
X === JOINT-B =, \P:ono
© 200007[ " JOINT-C 00,
o ~=-= JOINT-D T %00,
(s} —-- JOINT-E 90600000000
w o= JONT-F| e T
1000.0

00

0.0 17.5 350 525 70.0
Time (sec)
(a) Case 1

27000
g,
%,
\' oo
......................................... N, %
2025.0 S
. N, %o
s N
— - s,
N
@ 135007| . jOINT-C L e
5 == JOINT-D -
w = JOINT - E
o=~ JOINT-F RS
675.0 ‘_//
00 T )
00 275 550 825 1100
Time (sec)
(b) Case 2

Fig. 9 Magnitude change of resultant réaction force at each joint (A, B, C. D. E, F)

gy rir o

&
:LEM%Z—’( -"EZ}-"J —TLZ:*JEHﬂ FHo) Nk 37]
I AR e Hde & F U £ &
g 28 A5 w#E5H(Case 1~Case 4)3
o] z4z4 Ds} AA Foﬂ/ﬂ 2 98 (Case 19 4%
A Dol HuwtgE a7]E 3,800kef, B Fol
Ao AuowrE A7) e 4,000kg) S0 A= A
o 4: ATt

Agugeate g A 7T
A @ﬂ% ZE3E AN E EE Hds
(Case 1~Case 4)oA ZEHBA] B8
3 HAEe ¥EHHE BAE FHEFL
3 o] B s EddAe] WY
= 4 AFEdMY WAzt Ad Z8A
AR BEHE A7 Hiel S
Az usE2(Case 1~Case 4A Hol £
o] MAEl = HALxENY = 2elFFAA L
AN F2IE & U

>

Bl o

mS-&L&mZir&%JR
o N O oy ojn o

rid

rR off o o o H omn & o

© m
& e

4.2

P wpe ddandgA AR ol 3
daudAs 724 994 AES sl 99
aangAQ 23 WUEdolHe A5 U 7]
FEASAN S AT oL e 71 FEE e
Hg 5 Sdmapgs £5H 549 4 Y
29 AREAAY $E HEE ¥ T4 54
o wele] WsE B g 1 4% L =R
oA ANG AAEde] JARTEEH (Case 1~

580 st=rAFRREs =27 F12#H HM4Z(1999.12)

i

Case 4)9] St Fo17 AR %ksel wek 23t oY
Eoleir} Atz 2 5S4 ¢+ Ui
Eg 22|54 Bkl A ARSI el ¥
WaE b 29 992 34538

o wyske 3A7RYE ¢ & 990 2
AR T2 GA EA7

o #AFA T&
U Egolee 2% waety +2A A%
#28 43 oyt gA AFe W L

ot}

“Multidiscip-
An Emerging

1. Sobieszczanski-Sobieski, J.,
linary Design Optimization :
New Engineering Discipline’, Advances in
Structural Optimization, edited by J. Her-
skovitz, Kluwer, Dordrecht, The Nether-
lands, 1995, pp.483~496

2. Alexandrov, N., and Hussaini, Y., {(eds.),
“Multidisciplinary Design Optimization
State of the Art’, SIAM Publications, Phil-
adelphia, PA, 1997



3. Sobieszczanski-Sobieski, J.,

and Hafta, R.,
"Multidisciplinary Aerospace Design Opti-
mization @ Survey of Recent Developments’,
AIAA Papers 96-0711, Jan., 1996

. Stubbe, J., "PAYCOS : A Multidisciplinary
Design Optimization Tool for Hypersonic
Vehicle Design’, Proceedings of the AIAA/
USAF/NASA/OAI 4th Symposium on Multi-
disciplinary Analysis and Optimization
(Cleveland OH), AIAA, Washington, DC,
1992, pp.263~271

. Tappeta, R., Nagaendra, S., and Renaud,
J.E., “A Multidisciplinary Design Optimi-
zation Approach for High Temperature
Aircraft Engine Components’, Proceedings
of the ATAA/ASME/ASCE/AHS/ASC 39th
Structures, Structural Dynamics, and Ma-
terials Conference(Long Beach, CA), AIAA,
Reston. VA, 1998, pp.1055~1065

. Giesing, J.P., Agrawal, S., and Bharad-
vaj, B.K., "The Role of Computational Fluid
Dynamies in Multidisciplinary Design Opti-
mization of Transport Aircraft’, Proceedings
of the 6th International Symposium on
Computational Fluid Dynamics, Technology
and Operations Congress(Lake Tahoe, CA),
1995

10.

11.

12.

. Chamis, C.C., "Coupled Multidisciplinary

Optimization of Engine Structural Per-
formance’, Journal of Aircraft, Vol. 36,
No. 1, Jan.-Feb., 1999, pp.190~199

. Rowell, L.F., Braun, R.D., Olds, J.R.,

and Unal R., "Multidisciplinary Cencep-
tual Deign Optimization of Space Trans-
portation Systems’, Journal of Aircraft,
Vol. 36, No.1, Jan.-Feb., 1999, pp.218~
226

. Jameson, A., ‘Re-Engineering the Design

Process Through Computation’, Journal of
Aircraft, Vol. 36, No. 1, Jan.-Feb., 1999,
pp.36~50
Yun, C.B., Kim, J.W., Kim.,Y.S., Seo,
J.M., Kim, J.M., Choun, Y.S., “Fluid-
Structure Interaction Analysis of Liquid
Storage Structures’, ¥=ZANTFxZEHE =
3, A54A A2E, 1992.6. pp.103~111
Samareh, J.A., "Use of CAD in MDO",
AIAA Paper 96-3991, Sept. 1996
Samareh, J.,A., "Status and Future of
Geometric Modeling .and Grid Generation
for Design and Optimization’, Journal of
Aircraft, Vol. 36, No. 1, Jan.-Feb., 1999.
pp.97~104

(HedX 1 1999. 4. 19)

BEEATAEEE =28 H123 M45(1999.12) 58]

it



