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Structural Analysis of RIROB(Reactor Inspection Robot)

Kwon, Y.-1.¥, Choi. S.-H.¥* and Kim, J.-H. ¥**

ABSTRACT

This paper presents the structural analysis of RIROB(Reactor Inspection Rabot). Actually, several
analyses such as kinetodynamics analysis, fluid mechanics analysis, and structural mechanics analysis
etc. should be carried out in the design of RIROB. These analyses are executed through the use of com-
puter aided engineering(CAE) systems. The kinetodynamics analysis is carried out using a simple fluid
dynamic analysis model for the water flow over the sensor support surface instead of difticult fluid
mechanics analysis. Simultaneously the structural mechanics analysis is carried out to obtain the mini-
mum thickness of the RIROB housing. The minimum thickness of the RIROB housing is evaluated to
be 1.0 cm for the safe design of RIROB. The kinetodynamics analysis of RIROB is performed using
ADAMS and the static structural mechanics analysis of RIROB s performed using NISA.

Key words : RIROB(Reactor lnspection Robot), Kinetodynamics Analysis. Fluid Mechanics Analysis,
Structural Mechanics Analysis, Mimimum Thickness
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Fig. 1. Analysis types and their inter-organic relations for
RIROB system design.
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Fig. 2. Kinematic diagram of RIROB systen.

Fz W=22.92"/sec

z
_—Sensor support
Fy [

2 Fz

Fig. 3. Fluid dynamic pressure load applied on sensor
Support.



HPAZE Y71 P2 21

A AEE Wil o3l AEF FHEE 72
of gt} zely} o] FAH T d4jol 4¥H uihy
£ - el R B s e fAle 5
B FHshafool 71Ae Aol & d4el 9l7]
i Fo) FAHN) 23 HYHFPE W& A
o 93] WSt & WG AAB AL oA =
20 Pa, 0 AAAR Y] zZHEw | A: AR A Dje) §-2)]
¢to] HEA Aol g gtE o2 20paz 7} 31r.
Fig. 304 &8 (pyo] LAsivhs 714 el H-4)
gtel Fe F(shafiyo] 3)A8R= A7l t) 3l ThS
#H72e Aoz Jeld & 2ot

F,= P A siné(s) (I
F.=P A cos®p) (2)

A7) 6 = axolct. o)} BE Ao}t =7
£ 7R 7N FFEEFgNS st Fig 4=
ADAMS ZEado g Rual £3u7)e 2%
D(solid mode)o|th. ZIHL 7|98 S
22l Pegl slglem. 7 84 AFa FAISY
S QA AzEa FARBLES S0 YR & 3
47HRIROB)} Al 7He] 24 the)e AR 23
g Zeg 37 A8l de] Fd-g HHUZRAE planer
join)E 728t XA HL 7lslFAe}. E(shafye x
Zol tale] &(-)2] Wk Z 350 mm HWALES2,
HIA A CCWIC R 4 S 0=22.92%ecE 3)A
SET. o]Z Q8] Wdhs 7t 2= v
% EAE A2 FFEE7IRIROB) A=ge R
7+ ¥9dl T3kt

227\ 7SN R BAEY

NTFAALL B3 F3LWH mFo) 14

Fig. 4. Solid model of RIROB.

5lo] F(shafe] €F(motion)S Tl o) 2 R E
o AYe ¥E=s E3E Pl Fig s &
(shaft)el] 7t A& B35 L 3|25 w2 %9
5498 Uehlle 2gel, Fig. 62 ZF R E
WPshes Yot §5) F(shaftyd] B &5 =
AEoint) A, B, C2| ¥k N3 H Hstg o7
2, HHeTE MEAdE €Tht="5sec) FHIHI
AL A e oz 2P uigol HE
Bt Z(shafel 3)del YA Z&E£c g #67]
A AehE 7h 2B e g AR HAES
£ 5 AR HAH). 2AE(oint) A, B, C2) 9
2] A3he % 2-F(shaft motion)dl] FAIS= RUE
(joint) D, E9| WHd = E 30 ofs) ZAYS ¢ &
Utk olff XRAE B, Co| e A7) 3L @
F AT} 3 ZR1E(oint) A, ZAE(joint) B, 22|
Ejoint) Co} v 3} B9 AR 252 407
& Z$) E(joint) D, ZRE (joint) ES} 920} E30)
ujg} gy, o3 ANZ ool 3 729

100 .0- 2000 roo
150.0 il
i [ 50 a
. \ i 100
o~ 500 1 B
N z |‘ S —
@ 1000 1 200
£ e / i3
= ] EF 100
E s [} £ >
=4 g 1 I' 300 E §
oo & so0{ ] >F
% g \ ] £ >
® 2 [} ) 00 § 1
o [4 1\ h K-} -
& ), S |-150 8
IR YA 213
oo X ] Fsoo | g
1y ]
-50.0 Y ] 00
\ 1 k200
-500 \ / [ j
’ H b
Nt 700
N b
1000 L-250

. . 200
46 10 20 3D 40 S50 KO 70 BO 90 100
Time (sec)

Fig. 5. Dynamic characteristics of shaft according to the
input motion (translation + rotation).

1200 O-‘

2070

o0 10 20 30 40 40 €0 0 80 BO 100
Time {s6c}

Fig, 6. Reaction force at each joint.

FFCAD, CAMEHE] =523 A8 A1 E 20033 3%



22 AYFE, 2N 3 )3

galaolM £5EE7) A 22| 54&
Aolgt m 2R E(jointy D, 2R Ejoint) EF-5ol 2
A% wiE g E 37t /1 Eqsd AN sk
gFzACE AHSEY.

3. 5SENT|e| PEHYO) ChEt Txods
34 (Structural Mechanics Analysis)

& HelirE w79 ZIFs AN e §38l
o FEHE7] 7199 7 2YUES Y HAstl) u}
2 2584 54937 TRy §4 e 7Y £ U¥T

£ Aolre F A sy dRAEA 73Eedst 5
HAlel X e BE ABAE LA 757
F28 W3E Fihks FRAgY g FAlEdd ¢
ZQEH L FHPA oM B 752 BE
A s F2EY L Frke AL Fon
&, 2] 2o gz e SR B 723
Aollat MM Q] B g5 Al FERHoR E HEH S
go] o YUY internal support, housing, leg--°l
hg A4 o] Basitt o]9) e a4l €
3732 RIROBY FZGAE F3ME ¥R 27)9]

Fig. 7. FE. model of RIROB.

FEEE I8 HY ] B HLFHE T
W ZR)ol & 2787] oot

£ e fEasyd g £3E79 7
Z29F A YL fste] B8 R iy =
239 NISAZ o] &3l 49 +g3lxirh

31 PEHMaY B A=Y

HAAZ FFEA7e 22 S 9% §3e LR
22 Fig. 7% 2ol 8702 ZH(node) 7t= S84
8 Z~(hexabedral element)E ©]F0)zglct.

FZHYHN ML FZ housing 2ol AR E 4
U3 2 AAE g AAH Qg FzPe o
P FMolm 2 ZhafytEe Ry Pesx
kinematic constraint$! rigid link® &3l 7| 72%
QoA AA|Fo| LT W B AAY I =
AE(joinyollM 9] wal S FxAskE) o s T&HE
Aoz yefslo sdg FRska.

Aol AFRE G e s mao] {384 e
AH JHFE Table 1] EAISO] Ut} AAZAL
2 F 74 foot € B(oint B, C)°] #03]
AEAHE RSN BE 24 EDOR@, = u,
=y =08 F£512, IHAAHo| k= dieg
(oint AYlM = A Aot L) yEol Qs e
' 3L thu, = u.=0). 3 internal support
9] 4 Eg YR d-H(node)ollE rigid linkE 74
3k 7)1 EEA sl F§ F(shafhe] *F(mo-
tion)oll 2|3k Hu) vz €38 HL3c)

QERULFEE housing?l]l TU2E 196 KPa, 296
KPa, 396 KPa, 496 KPa, 596 KPa®| 482 z}z} &
£FoM, housingg NEY4 NAEZH op cover
middle cover, bottorn cover® TE3lY aluminum
TEFo2 7€ top cover, bottom cover? FAIS
i4cm, 1.2cm, 1.0cm, 0.8 cm, 0.6 cmZ HEA)F|H
A sk 38 R9E XS 7 H-E (pan)
& FAske g EAA 9 fE_4 A7) Table

Table 1, FE. model data

Internal Support [ Top Cover | Middie Cover | Bottom Cover| Leg & Foot Total
No of Nodes 4,128 14,611 4,320 9,252 7.522 37,973
No of Elements 2816 11,348 3,072 6,960 5,808 30,004
Material AL-alloy AL-alioy Plastic AL-alloy Steel
E(Pa) 7EIL0 7EI10 0.22E10 7E10 20EI10 -
. v 0.33 0.33 0.38 0.33 0.3 -
Properties
p(Kg/m') 2800 2800 1200 2800 7850 -
a.(Pa) 490E6 490E6 - 490E6 410E6 -
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Z9FAE U HFAE Ao PR 9 pressures and thicknesses
FHd7 32 REAJAE Fg 84 Fig 9l viepy =

7 | B | stress |detlection| stress |deticction| stress [ deflection
(Cm)CKED) (MPa| (107 [(MP2)] (10°m) [(MPa)| (107m)
196 |13.87] 641 [11.29] 921 | 8.88| 2343
29612094 949 [17.08] 14.09 [1343] 35.26
1.41396(28.01| 1256 |22.86| 18.98 [17.Y7]| 47.11
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496 144.93| 19.62 |46.03[ 29.67 |28.91| 63.17

596 (53.99] 23.56 |55.31] 3583 [34.74| 75.95
196 [ 18.95( 8.47 |28.93] (303 |12.54) 2558
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pressure=196 MPa)(section view). stress=von-Mises stress.
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Table 3. Structural analysis results for various external fluid
pressures and thicknesses

= o Bot. Cover Leg & Foot
7 g stress  |deflection| stress  [deflection
{em)} [ (KPa) | (MPa) | (107m) | (MPa) | (10°m)
196 8.56 8.64 12.34 2.94
296 1292 12.93 17.84 4.55
1.4 | 396 17.27 17.39 23.34 6.18
496 26,63 21.86 28.85 7.82
596 25.99 26.33 34.35 9.46
196 10.80 9.25 1323 3.00
296 16.30 13.87 19.19 4.70
t.2 | 396 2181 18.60 25.16 6.42
496 27.31 2343 3112 §.15
596 32.82 28.26 37.08 9.38
196 1417 10.49 13.96 3.15
296 2149 15.79 20.32 4.84
1.0 | 396 28.63 21.08 26.67 6.65
496 35.86 26.38 33.02 8.46
596 43.09 31.67 3938 10.28
196 20.00 12.91 14.42 3.48
296 30.2t 19.50 21.03 5.12
0.8 | 396 40.42 26.08 27.63 6.80
496 50.64 32.67 3424 8.68
596 60.85 39,25 40.84 10.57
196 31.22 18.70 14.83 3.85
296 47.16 28.31 21.62 570
0.6 | 396 63.10 37.91 28.41 7.57
496 79.04 47.44 35.19 943
396 94.98 57.04 41.98 11,30

stress=von-Mises stress.
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