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Free Vibration Characteristics of the FIV Test Loop and

Evaluation of the Supporting Performance
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SUMMARY

For the high performance fuel development research of PWR fuel, a test loop
1s designed and constructed to evaluate the performances of the spacer grid
developed. The test loop is called FIVPET(Flow-Induced Vibration and Pressure
drop Evaluation Test loop). The performance test of the space grids will be
carried out with the 5x5 rod bundle that consists of 23 dummy rods, 2 guide
tubes and 5 spacer grids. In this report, the vibration characteristics of the FIV
test loop are investigated by the Finite Element(FE) analysis and the modal test.
Also, the supporting performances of the current pipe supports and fixtures are
checked by analysis results and improved. For the FE analysis, 3-D beam
element 1s used for the pipes and the test section and mass element used for
the valves and flanges. The 'U’ restrainer stiffness determined by numerical
simulation is used for the FE model. The result of the FE analysis is compared
with that of the modal test. The higher mode similarity between the test and
analysis is observed in a few low modes. After that, the mode similarity reduce
as the mode goes high. It is concluded that the first to the third vibration
modes are observed at the lower parts of the 6 inches restoring line, followed
by a local mode at the test section, and the natural frequencies of the modes
are 224 Hz, 260 Hz, 275 Hz and 314 Hz. By adding or changing some
supporting conditions, unwanted vibration modes of the loop can be eliminated

or restricted.
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Deformed Var: U Defarwation Seale Factar:

Fri Fen 06 11:27:50

305 (eyeles/cine
+6.0508-01

ABAQUS job created
ODE: tlaop.

Step: Step-1, T
Hode’ 7: value =

30-Jan-03 ac 15:35:52
odb  ABAQUS/Stamdard 6.3-1  Fri Fek 06 11:27:50

load case is the default load case that alw
Freq = 20.410

a6,

Deformed Var: U Deformation Scale Factor:

(eye les/ T

+6.950e-01

ABAQUS job created on 30-Jan-04

at 15:35:52
ODB: tloop.odb  ABAQUS/Stamdard 6.3-1  Fri Feb 06 11:27:50

Frep: Step-1, This load case is the default
Woae i value = 16446. Freq = 20.

Deformed Var: U Deformation Scale Factor:

1oad eas
ain

e that alwe]
(eyeles/time

+6.950e-01

ABAQUS job created
ODB} t150p.0db

Step: Step-1, This
Hode 8: Value =

Deformed Var: T

on 30-Jan 15:35:52

-03 ac
MBAQUS/5tandard 6.3-1  Fri Feb 06 11:27:50

load case is the default load case that alw
16 Freq = 20.410

446

Deformation Seale Factor:

(eyeles/ L

+6.9502-01

ABAQUS 30b o 15:35:52
ODB! t1oop.odh  ABAQUS/Stamdard 6.3-1

reated on 30-Jan-04 at

Frep: Step—1, This load case is_the default
req = 20.4

Mode < 8: Value = 16446. T

Deformed Var: U Deformation Seale Factor:

Fri Fen 06 11:27:50

load case that alwe
10 teyeles/time

+6.980e-01
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(f) 6th mode

(g) 7th mode

(h) 8th mode



creared on 30-san-04 o 15:35:52

Deformed Var: U Deformation Scale Factor: +5.950e-01

ABAQUS 3ob created on 30-Jan-04 av 15:35:

2 Tiop.ofh  ABAQUS/3tandard 6.3- Fri Feh 06 11:27:50 2 ODET tidap.odh | ABAQUS/Scandard 6:3-1
Step: Stepi, This losd case is che defaulc load cese that alu Frep: Stenl Tnis losg case 1o the detay
1 Mode 5% va 15961. (cycles/time Mode 5 va

Deformed Var: U Deformation Seale Facto

sz
Fri Fen 06 11:27:50

it doad case that alve
(cyeles/tine

+6.950e-01

Viewport: 1 Oab: d:iabagusjobs/tioop.odb

ABAQUS job Srgated on at 15:35:52

2 B892 1355 oo "B halS  Srhmaara 6 31 Fri Feb 06 11:27:50
§ueps Stepcl, This lgsd case is the defaplc load cese that alu
1 JMode 10: value 36. {cycles/tind

Deformed Var: U Deformation Scale Fastor: +6.950e-01

2BQUS
©ODB: tloop.odb  ABAQUS/Stamdard 6.3-1

Frep: ster;l
Ta: vaiue

Deformed Var: U

job created on 30-Jan-04 at 15:35:52

Tnis 1oad case is the defaplt load case that slu

Defornation Scale Factor:

Fri Feb 06 11:27:50

a
(eyeles/time

+6.950e-01

ABAQUS job created on 30-Jan-04 at 15:35:

Jan— £
ABLQUS/Standard 6.3-1  Fri Feh 06 11:27:50

2 ODB: tloop. odb
§espi Syepily This load gace is che defaylc load case what alw
1 Hode' i1: va 32, (cycles/tim

Deformed Var: U Deformation Scale Factor: +5.950e-01

fabagusjobslioop,

Deformed Var: U Deformation Scale Factor:

ABAQUS job created on 30-Jan-04 at 15:35:52
2 BT R 1350 0o iBhalS Srandara 651 Fri Fep 06 11:27:50
Frep: Stepi, This load case is che defauic load case chat aive
Mode 11: va (cyeles/tine

+6.950e-01
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(1) 9th mode

() 10th mode

(k) 11th mode



ABLQUS job created on 30-Jan-04 at 15:35:52 48B0US J0b created on 30-Jan-04 at 1

2
Fri Feb 06 11:2

2 S8 30 G Bl Fetmanca st Fri Fem 06 11:27:50 2 TlBop.odh  ABAQUS/Stemdard 6. o

Steps Scepci This load case is the default losd cese chat aiv Frep: Stewd, Tuis 1oad case is the detsulc losa case char alve

1 Mode 12: value 95. = (eycles/ting Hoae 5. (cyeles/time
Deformed Var: U Deformation Scale Factor: +6.950e-01 Deformed Var: U  Deformation Scale Factor: +6.550e-01

port: 2 Odb: d:fabagusjobs/lioop.odh

4BAQUS 3o created on 30-Jen-02 at 15:35:52 ABAQUS 3ob Sreated on 30-dan-04 at 15:3:

2 oDB! t1d0p ABAQUS/ Standard 6. Fri Feb 06 11:27:50 2 B: tloop BBAQUS/Standard 6.
Ssp: Stepci. This load case is she default lood case that slue Foep: Jepcl, This load case is the defaic,

1 Hode' 13: Value 475, =1 S4a15 Teyeles/Tim Tode = req
Deformed Var: U Deformation Scale Factor: +6.950e-01 Deformed Var: U Deformation Scale Factor:

2z
Fri Fen 06 11:27:50

lgad case char alve
(cyeles/tine

+5.9502-01

basusjobsHioop.odh

4BAQUS jon created on 30-san-04 o 15:35:52 ABAQUS job creaved on 30-Jan-0d av 15:35:52
2 BB adn. SRR e ara 6 3" P rr s rep 06 11:27:50 2 DB tlaon ABAQUS/5tandara 6.3

Seep: Stewd Tmis losd gase is che defamlt load cass that alw Zrep:
Hoce  1a: value - 16. (eyeles/tim Hode 1

1. Freq

Deformed Var: U Deformation Scale Factor: +6.950e-01 Deformed Var: U Deformation Scale Factor:

Stepcl, This load case is the default
Value 525 36.4

Fri Fen 06 1

load case that alws,
73 (cyeles/tine

+6.050e-01

- 24 -

(1) 12th mode

(m) 13th mode

(n) 14th mode



483005 jon created on 30-Ja

2

2 B: nhotodband. IR R res reo 05 11127

Step:
1 Hode

Step;l; This load case is the defauic load case thet alve
1s: = cles/ time
Deformed Var: U

Defornation Scale Fastor: +6.950e-01

4B3QUS J0b created on 30-0a at 15:35:52
2 ABE T Rolomana oan O 19A00B/Standera 634 Fri Fep 06 11:27)
$rep: Step-i; This load case ds the default load case that alua
Hode 15: value Ss2s3. Freg (cyeles/tine|

Deformed Var: U Deformation Scale Factar: +6.950e-01

ABAQUS 3o created on 30-Jan-04 a1
2 B: tloop ABAQUS/Standard 6.3

35352
Fri Feb 06 11:27:50

Step:

step-1,
1 Hode 16: val

This load case is che defaulc load case cthac
ue = 32 eq (cycles/ tim
Deformed Var: U

Deformation Scale Factor: +6.950e-01

AEBOUS 30k crested gn I0-Jan-04 v 13i35iSe

oDB! t1a0p. MBAQUS/Btandard 6.3-1  Fri Feb 06 11:27:50
Freps Sterci; Tnis loag case is che dessulc loaa case chat alwe
Tode Te: value = 32, {cycles/time

Deformed Var: U Deformation Scale Factor: +6.950e-01

4BA0US 3ob created on 30-Jan-04 ac
2 80 120 o AR hany Seandard 6 5.1

2
Fri Feb 06 11:27:50

step:

Stercl; This losd case isthe defaplc load case that alu
1 Mode 11

z {eyeles/ L

Deformed Var: U Deformation Scale Factor: +6.950e-01

Fabagusjobsiioop,

ADAOUS 30n cresteq on S0-gm0s ar 19:3s:
odh  ABAQUS/Standard 6.3-1

sz
Fri Feb 06 11:27:50

Frep: Steml, This load case is che defaylc load case thar alus
Hode  T7: vaiue (eyeles/tine

Deformed Var: U Deformetion Scale Factor: +6.950e-01
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(o) 15th mode

(p) 16th mode

(q) 17th mode



jabagusjobsitioop.

4BAQUS 3ob crested on 30-Jan-0d at 15:35:52
2 B: tloop ABAQUS/ 5tandard 6.3

Fri Feb 06 11:2

N ABAOUS 30 creacea on 30-gan-03 ot 15:3:52 ( )
t120; tondard 6.3-1  Fri Feb 06 11:27:50 s 18th mode

§oaps Ssesgly This lond case is the defaylt lesd case chat aiv Frep: Step i, This load case is the default load case that alve
1 Mode 18: Value - 68851. Fre 21,781 {eyeles/ting Tode  18: valve = 68851 Freq 21,761 (eyeles/tine
Deformed Var: U Deformation Scale Factor: +6.050e-01 Deformed Var: U Deforwation Svale Factor: +6.950e-01

ABAQUS job created om at 153555 ABAQUS Job created on 30-Jan-04 at 15:35:52
2 SRR 25 o R S St Enaar o1 Pt Feb 06 11:2 D] tldop.odh  ABAQUE/Scandard 6.3-1  Fri Feb 06 11:27:50 (S) 19th mode
§teps Stenl Tie logd oase 1o rhe defaplr load case thar alw Frep: Sponcl; This load cace ga the defaulc dosd case chat alws
1 Hoak® Bl 1085-880E%s & (Gycies/ tam Hiode 15t value - 1.04785E+05 Freg - Tescies/ Timg
Deformed Var: U Deformation Seale Factor: +6.9502-01 Defommed Var: U Deformetion Scale Factor: +6.9502-01

Viewport: 1 Oub: d:fabaqusjobsitioop.odh

ABAQUS 30b created on 30-gan-0% at 15:35:52 BAQUS job created on 30-Jan-04 at 15:35:52
2 BB 20 ot AR RlS/ Sehnaara 6131 CFrd Fep 08 11:27:50 AT R130n. 0 sl a3/ SeAndara 6+ 351 Fri Feb 06 11:27:50 (t) 20th mode
§osps gEeRgl; This doad cace ic the defmulr lsad cese thar alw Zrep: Stept, This load cace 1o the default load case that alvs
1 Mo 0% value = 1.39317E+05 Fri teveaess i Hode 20 17385775408 Freg - (ovoles/Time
Deformed Var: U Deformation Scale Factor: +6.950s-01 Defomed Var: U Deformetion Scale Factor: +6.950e-01
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2. AAFo] T+EHA F2 JAZH
Aol AxziE 20Hz Fol 28 s 1AM 8x7kA o] RG] A
Fdd AR o FHAR] AeEREYS 3
ol 2L e AATE FE FEstal, oA AATFEEC dAAH ez (Y
s

1-14%2), AA ] F7h8 PEzdo] AAH FEZAB owe Jue mA
o
J

e | TRRESE | L] 2R | Lo | 28RS |, | RS

T (Hz) T (Hz) . (Hz) e (Hz)
1 224 11 46.5 21 70.6 31 80.7
2 26.0 12 56.3 22 71.4 32 814
3 275 13 56.7 23 71.7 33 82.1
4 31.8 14 58.4 24 725 34 82.4
5 34.2 15 58.8 25 73.0 35 82.7
6 34.6 16 65.2 26 74.2 36 82.7
7 365 17 66.4 27 77.1 37 82.9
8 40.4 18 66.8 28 78.0 38 83.0
9 40.7 19 67.7 29 785 39 84.7
10 418 20 68.7 30 79.1 40 87.2
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AR go] T&E Bdel A Ay 20Hz e FHAR AAE BREEo] Abg
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34.2Hz21 5xF<} 36.5HzQ1 63}

17k el | Q4

AT} 4xpo) A 621714 ¢]

al

RS P i o = BT )

2

40.4Hz91 82X =<} 41.8HzS! 102}

%j\% 5//

el

i

=
"o

MEe He 5
7} 60Hz o] 9] A x5 = A

=
©

12 AR=E 57 0@ 2erh gA] YERd

gltt.

9l

7

-
T

o
N

o A= A3

§
]
g
5
£
2
=Y
)
il
5
3
5
H
H
H

(a) 1st mode

15:35:52
FriF

30-Jan-0¢ at
WS/ 5t

ed on
AELQ]
load cas:
15856,

26p. 6db

ABAQUS joh creat
oDB: i

(b) 2nd mode

g
H
2
H
g
g
i
=

+6.5802-01

Deformed Var: U Deformecion
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hagusjobsirod band checkitioop ot

4BRQUS 3o created on
2 o R i R

s2
Fri Feb 06 10:32:53

Steps Stepl This losd cese is the defaulc load cese chat alv
1 Mode 3: value - 51, (eycles/ tim
Deformed Ver: U Deformation Scale Factor: +6.950e-01

ABAQUS job created om 30-.

Jan-04 at 15:35:52

2 DS tldop.odn  MBAQUA/3tandard 6.3-1  Fri Feb 06 10:32:53
Frep: Stepcl Tais oag case is the detaulc dosa case char alve
Mods 3t = Fr.

yoles/ time,

Deformed Ver: U Deformation Scale Fastor: +6.950e-01

(b) 3rd mode

ABAQUS d0b created on 30-den-0% o 15:35:52
2 B 1o 1Shans7 Setnaara e 5

Fri Feb D6 10:32:53

grep: Stepcly This lgad case s che defalc lgad case that alw
1 Hoae '4: value = 39856. eq Teyeles/ T
Deformed Var: U Deformation Scale Factor: +6.950e-01

rabagusjobsirod band checkltioop.

ABAQUS J0b created on 30-Jan-04 av 15:35:
ODB: t1oop. ABAQUS/Standard 6.3-1

Freps Sger;l, This lod case is the default load case that
e =

(cyeles/tine

Deformed Var: U Deformetion Scale Factor: +6.950e-01

52
Fri Feb 06 10:32:53

(d) 4th mode

Viewport: 1 _Odb: difabagusjobsirod hand checkitioop odh Q/x

ABAQUS Job created on 30-Jan-04 at 15:35i52
2 B: tloop ABAQUS/ Standard 6.3 Fri Feb 06 10:32:53

Step: Step1l, This load case is the default load case that al:
q Wode "S: value = 46262, Freq 33.232 {eyeles/Tin

Defarmed Var: U Deformation Scale Facter: +6.950e-01

o |

ABBQUS 0k created gn 90-Jan-0% T 15i39i52
OB t1aop. ABAQUS/ Standard 6. Fri Feb 06 10:32:53

Brep: Step-1, This load case is the default load case that alws
Mode S: Value = 46zez. Freq = 34.232 (cycles/cine

Deformed Var: U Defornation Scale Factor: +6.050e-01

_29_

(e) 5th mode



ABRQUS job created on 30-Jan-0t ot 13:35:52
2 Rt i o A

Fri Feb 06 10:32:53

Step: Stel Tnis lom case is the defsult dsed oase thst alv
1 Hode 6: value = 26. (eyeles/tin

Deformed Var: U Deformation Scale Factor: +6.950e-01

checkitioop.odh

ABAOUS 30b creaved on 30-dan-04 av 15:35:5%

ODB: tlBop.odh  ABAQUS/Stamdard Fri Feb 06 10:32:53

Fraps Spencl, Tais loadcase is the defapic dosa cass hat e
Mode 6: Value = 47326, Fr 33,623 leyeles/tine

Deformed Var: U Deformation Scale Factor: +6.080e-01

bagusjobsirod band check/tioop.odb

Apaous g creaced o :
e vy S tandard 6 51

sz
Fri Feb D6 10:32:53

Seep: Sgepci; This losd omse is the cefauic loed cese chat alw
{ Mode 7: Value = 52715, {eycles/ tim

Deformed Var: U Deformation Scale Factor: +6.950e-01

ABAQUS job created om 30-Jan-D4 at 15:35:52

ODB: tloop.odh  ABAQUS/3temdard 6.3-1  Fri Feb 06 10:32:53

Frep: Spept; This load oase is che defaylc losd case chac alue
= {cycles/Tine

Deformed Var: U Deformation Scale Factor: +6.950e-01

ABAQUS Job created om 30-Jan:
2 AT 30 SR Bl B e 3

5152
Fri Feb 06 10:32:53

§teps Scepci This load cese is the default load cese chat alu
1 Hode B: value - 59, (eyeles/ el

Deformed Var: U Deformation Scale Factor: +6.950e-01

jabaqusjobsirod hand checkitioop.odh

483003 J0b created on 96-Jan-0d av

:s52
BR300 SiE B Rabs SeanAara 6 355 T Fra Feb 06 10:32:53

Frep: Stent; Tuis 1oa case is the detsulc dosa eas chac alve
To el = 53 (eyeles/tine

Deformed Var: U Deformation Scale Factor: +6.550e-01
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(f) 6th mode

(g) 7th mode

(h) 8th mode



jabagusjos/rod band checkftoop.odh

B

Tnis 193 case is the defaylt doad case oot alu
11

Deformation Scale Factor:

ABAQUS job created on 30-Jan-04 at 15:35:52
1

ODB: tloop.oddb  ABAQUS/Standard 6.3 Fri Feb 06 10:32:53

Frep: Sgepl; Tuis load case is the defaylc Lood case chat alve
(Cyeles/tine

Defommed Ver: U Deformation Scale Factor: +6.9502-0L

ABbous 1ok created on o-gan

Tnis lomd cace is the defauit loed cose that aim

fabagusjobsirod band checkitioop.odh

ABRQUS Job created on 30-Jan-04 at 15:35:52
ODB: tloop.odh  ABAQUS/Standard 6.3-1  Fri Feb 06 10:32:53

Freps geerci; Tnis loag case is che dessult load case chat alwe
Tode 10: valiue 117 Teycies/Time

Deformed Var: U Deformation Scale Factor: +6.950e-01

d:fabanusjobsfrod band checkitioop,

ABAQUS d0b eresced on 30-Jan-04 st 15:35:52

igad case is che defayic ged caze
854 Fr 46,510

Deformation Scale Factor:

4BMQUS J0b crested on 30-Jan-04 &t 13:35:52
©oDB ! ¢ 130p. ABAQUS/ Srandard 6. Fri Feb 06 10:32:53

Frep: Step-1, This load case is_the default load case that alus
Hode 11: Value 854 Freq = 26.519 (eyeles/cine

Deformed Var: U Defarmation Seale Factor: +6.050e-01

_31_

(1) 9th mode

() 10th mode

(k) 11th mode



2

)\ Step: Step-1,
1 Hods 1z: val

Deformed Var:

This losd e

v

ABAQUS job created onm 30-Jan-04 at 15:35:52
DE: ©loop.edh i1

ABAQUS/Standard 6.

ase is the default
1.25270E405 Freq =  56.

Deformation Scale Factor:

Fri Feb 06 10:32:53

load case that alw
330 (eycles/ tim

+6.950e-01

ABAQUS job o
ODB: £l180p. o

Frep: Step-1, This
Mode 1z: value =

Defomed Var: U

jobsirod band check/tioop.odb

reated on 30-Jan-0% at 15:35:52
ABAQUS/Brandard 6.3-1

load case is the defw
1.25270E+05 Freq =

Deformation Scale Factor:

Fri Feb 06 10:32:53

(1) 12th mode

ult load case that alwe
56.330 (cyeles/time

+6.950e-01

g 2-2

A A o] T

A
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VIBRATION TEST FOR FIVEET
Display 1

Pare

Feml

2:FIVPET?_1/21 54277

Loo®

ACCELEMATION Y2 Maguituds

Min: 0.00E400 m/s*2 M
Fart Coordinate System

Complex Sigmed Awplitude
Frequeney: 2.15E+01 Hz

1.12E-D1 w32

s

1.12E-01

L.07e

01

1.01E-01

9.8aR-N2

5.588-02

8.42E-02

7.86E

0z

7.31E-02

6.758-02

6.158-02

5.638-02

s.07

0z

4.51E-02

3.058-02

3.40E-02

2.848-02

2.20m-02

1.72E-02

1.1em-02

5.03E-03

4.42E-04

z

x

<

VIERATION TEST FOR FIVPET
Dizplay 1

Parcl

Faul

3:FIVPETT_1/26.3985

O0F

ACCELERATION X¥Z Magnitude
2.178-01 m/=*2

Min: 0.00B+00 w/e'2 Mo
Part Coordinate System
Complex Signed Amplitude
Freguency: 2.84E+01 Hz

2.17E

2.07%

1.36E

1.85E

1.74%

1.cr

1.52B

1.428

1312

L.zux

1.09E

0.84%

1ok

7.63E

6,602

b2k

4.44F

3.36%

2.28F

1.208

1.178

wls
01

01

-01

01

01

01

01

01

01

01

01

0z

0z

02

0z

vz

-0z

02

-0z

02

03

i

B,

VIERATION TE
Display 1
Parrl

on FIVEET

reml
4:FIVPET?_1/35.53943

Loor

ACCELERATION X4 Magmitude

Min: 0.0DE400 m/s'2 Max:
Part Coordinate Syotem
Complex Signed Anplitude
Frequency: 3.SSE401 Hz

5.72B-02 m/z 2

ERE

4.37F

4,598

4.308

1168

1100

8,938

5,058

3.24E

4.03E

stz

o0z
-0z
-0z
-0z
-0z
-0z
-2
2
02
-0z
-0z
02
-0z
-0z
2
02
-0z
03
03
-03

-04

£

_37_

(b) 2nd mode

(c) 3rd mode

(d) 4th mode



UIERATION TEST FOR FIVPET LOOT
Display 1

Pare

Feul

4:FIVPET?_1/35.53943

ACCELEMATION XY4 Magnitude
Min: 0.00E400 w/=*2 Max: §.72E-02 w/s*2
rarc Coordinate System

Complex Signed mplitude

Freguency: 3.55E+01 Hz

niatz

5728 02

5.15E-02

4.67E-02

4.53E-02

4.308-02

4.n2%-nz

3.73%-02

3.158-02

9.172-02

2.882-02

2.608-02

2.31E-02

2.038-02

170802

1.163-02

1.10z-02

8.93E-03

5.08E-03

3.248-03

4.03E-04

(e) 5th mode

&

VIERATION TEST FOR FIVEET LOOI
Disvlay 1

Parcy

Fenl

6:FIVPET7_1,/10.37205

ACCELERATION XYZ Magnitude
Min: 0.00E400 m/shz DEx: 9.52E-02 W/s"2
Part Coordinate System
Couplex Tigned hmwplitude
Frequency: 4.048401 He

5. 62502

5.21E-02

8.80E

ER-CH

7,370

¢, 55k

7.14F

6.72E

5318

5.5z

ER

2. 85E

a.238

3.82F

3.41E

2.99E

2.58E

2,168

L.75E

Lok

-0z
02
-0z
-0z
-0z
-0z
-0z
-0z
-0z
5.08E-07
-0z
0z
-0z
-0z
-0z
-0z
-0z
-0z
-0z

i (f) 6th mode

5

VIBRATION TEST FOR FIVEET LOOE
Dizplay L

Parcl

Feml

7:FIVPET?_1/52. 12021

ACCELERATION XYZ Magnirude
Min: 0.00E400 w/s°Z Max: 1.42E-0L m/s°Z
Part Coordinate System

Complex Signed Auplicude

Frequency: 5.248401 Hz

1.4zE-01

1.38E-01

1.28B-01

1.218-01

1.1ap-01

LougE-01

1.01E-01

°.378-02

2. 68802

7.350-02

7.308-02

6.61E-02

5.528-02

s.238-02

4.54E-02

3.858-02

3.158-02

2.46E-02

1.778-02

1.08E-0z

ERTrs)

i (g) 7th mode
5\/

_38_



O0E //!
Display 1

Parel

renl
&:FIVPET7_L/57,80028

ACCELERATION XVZ Magnitude
Min: 0.00E+0D m/sh2z MEx: Z.70E-OL m/se2
Part Coordinate System

Couplex Signed wplitude

Frequency: 5.788+01 Hz

z
2
2
2
2
1
1
1
1
1
1
1
3
s
6
H
It
1

1

\70E-01

.56E-01

238-01

2aE-01

.16E-01

LU3E-UL

LB9E-01

J76E-01

e28-01

La90-01

L35E-01

\22E-01

L09E-01

s1p-02

178-02

L82E-02

ABE-02

148-02

798-02

asz-0z

ugE-us

VIBRATION T
Display 1
Farcl

FIVEET LOGE

Feml
0:FIVPET?_1750.78651

ACCELEPATION XYZ Masnitude
Mini 0.00B400 m/5°2 Max: 6.57E-02 m/s"
Part Coordinate System

Cowplex Gigned Anplitude

Frequency: 5.98E401 Hz

6.57E-02

6.63E-02

6.29E-02

5.asE-02

5. 60E-02

5.z0E-uz

4.52E-02

4.57B-02

4.238-02

9.03-02

3.558-02

3.208-02

2.868-02

2.528-02

2.188-0z

1.838-02

1.498-02

L.15E-02

8.018-02

4.618-03

Lo1sE-s

(h) 8th mode

(i) 9th mode

138 3-6 E_Tioﬂ o Z—H OZ] o) Xe] :chlo] A X 1 & AF
= ol == T T = L T — 3570
w/s*2
Display 1 1.02E-01
1:FIVPET76/18.63395
Part Coordinate System 8.12E-02
Complex Signed Amplitude // T
// 7.06E-02
e 5.47E-02
/ 4.04B-02
2.82E-02
2.29E-02
1.76E-02
1.23E-02
(a) 1st mode

_39_



WIBRATION TEST FOR FIVPET
Display 1

Faml
2:FIVPETT6/20.57096

ACCELERATION XYZ Magnitude

Min: 0.D0E400 w/st2 Max:
Part Coordinate System
Complex Signed Awplitude
Frequency: 2.10B401 Hz

4.478-02 w/sn2

/s
4.478-02

4.258-02

4.038-02

3.81E-02

3.58E-02

3.376-02

3.158-02

2.938-02

2.71E-02

2.408-02

2.nsR-n2

1.a3m02

161z 0z

1.30E 0z

1m0z

5.300-00

7.z50-m

5.058-03

z.858-03

5.a5E-04

R

(b) 2nd mode

VIERATION TEST FOR FIVPET LOOE
Display 1
Foml

3:FIVPET76/25.83765

ACCELERATION X¥Z Magnit
HMin: 0.00E+00 m/s*2  Max
Bart Coordinate Systen
Complex Signed Amplitude
Frequency: 2.58E+01 Hz

ude
2.16E-01 w/'2

w/st2

2.18E-0L

2.05E-01

1.85E-01

1.84E-01

1.73E-01

1.62E-01

1.52E-01

1.41E-0L

1.30E-01

1.18E-01

1.nRR-A1

7R

eE-02

7.628 02

6.54E 02

5.400-02

4.00-02

2.01p-02

2.238-0a

1.1sE-n2

zoE-04

i (¢) 3rd mode
,

VIBRATION TEST FOR FIVPET LOCE
Display 1
Feml

4:TIVPET76/33.99979

ACCELERATION XYZ Magnitude

Min: 0.00E+00 m/s2 Max:
Fart Coordinate System
Complex Signed Jmplitude
Frequency: 3.40E+D1 Hz

6.58E-02 m/eh2

%
6.58E-02

6.26E-02

5.948-02

5.638-02

5.31E-02

4.908-02

4.678-02

1.358-02

1.038-02

3.728-02

3_ank-n2

3.nRFE-n2

2.768-02

248 02

2,138 02

L.oiz-oz

L.asz-nz

L17m-0z

5.535-03

5.348-03

2.188-03

i (d) 4th mode
<

_40_



Wtz
VIBRATION TEST FOR FIVPET LOOP 8.22E-02
Display 1

Foml
S:FIVPETT6/46.85752

7.85E-02

7.48E-02

ACCELERATION XVZ Magnitude ,///Y/ ULHE=H
Min: 0.008400 w2 Max: 5.228-02 w2 = A
Part Coordinate System -~

Secaquencys 460801 e

6.39E-02

s.02E-02
5.65E-02
s.298-02
1.028-02
a.5sR-:
PREY
1.s2m-02
3.ase o2

3.008 02

1.62E-00

(e) bth mode

5.57E-03

VIERATION TEST FOR FIVEET LOGE 5. 62E-02
Display 1

Partl

Fenl
6:FIVPETT_1/19.37295

3.218-02

&.808-07

&.388-07

ACCELEPATION XVZ Magnitude - H R
Mini 0.005+00 W/5°2 MaXi 9.62E-02 W52
Part Coordinate Svstem

Complex Digned Amplitude
Frequency: 4.54E401 Hz

7.188-02
6.728-02

6.318-02

5.48E-02
5.06E-02
4.658-02
4.238-02
5.52E-02
3.41E-02
2.398-07
2.588-07
2.168-00

e (f) 6th mode

Lowsr-nz

wrstz
1.81E-01

VIBRATION TEST FOR FIVPET LOOP
Display 1

Ecml

7:FIVPET?6/50. 65455

1.438-01
1.368-01
ACCELEPATION X¥2 Magnituds LSS e
Min: 0.00E+00 w/s*2 Max: 1.51B-01 /=t
Part Coordinate System

Complex Signed kmplitude

Frequency: 5.03E401 Hz

1.21E-01
1.138-01
1.062-01
9.848-02
5.03E-D2
8.358-02
7.60F-n2
fRER-N7
6.102-02
5,352 02

4.508 D2

210102
2.951-02
1.61E-02

o @1 (g) 7th mode

1.072-03

- ¢l1 -



wstz

VIBRATION TEST FOR FIVPET LO 2.75E-01
Display 1

2.61E-01
Feml
8:FIVEET76/55.52788 2.48E-01
ACCELERATION Magnitude Unsversged Top shell ; SRzl
Min: 4,78E-05 m/s*2 Max: 2.7SE-01 m/s"2 - L20E-01
ACCELERATION XVZ Magnitude
Min: 0.00E400 m/s*2 Max: Z.75E-01 m/st2 ~ (UEi=TIL
Part Coordinate System ‘,,/”' 1.03B-01

Complex Signed Amplitude -
Fregquency: 5.55E401 He - 79E-01
1.66E-01
1.528-01
1_arR-1
1 2ar-

1.11E-0L

a.71e o2

.34 0z

6.97E-02

cop-oz

4.2a0-02

seE-0z

(h) 8th mode

1.508-02

1.278-03

1.608-02

1.308-02

3.918-n2

357802

3.13E-02

2,748 02

z.388 02

L.368-02

(i) 9th mode

s.11E-05

VIBRATION TEST FOR FTVPET Lo 72802

E:ZTJE‘Y ! 743802

521 TvrETIE/57.08215 704802
~

ACCELERATION Magnituds Unsversged Top shell G

Win: 9.118-0 wesz Max: 7.828-02 /2 Ao

ACCHERATION 112 Hagnicude

Min: 0.00E+00 m/=42 Max: 7.82E-02 m/=*2 S.87E-0Z

Part Coordinate Systew e P

Complex Signed Amplitude /

Fregquencys §.71E+01 Hz 5.08E-02

_42_
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the defaulrt
Freg =

aced on 30-Jan-04 at 15:35:52
.o ABAQUS/Standard 6.3-1
1574z2.

ODE: noredband.odb

tep: Step-1, This load case is
1: value =

ABAQUS job creaced o
ode

5
it

2
3////L\\\1

is_the defauly
EER

Freg =

ABRQUS/Standard 6.3-1

created on 30-Jan-04 at 15:35:52
21011,
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tep: Step-1, This load case
1: value =
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o]z 2@5—5— U431 %7}%011 w2}
A = 2

Viewport: 1 Odb: difabaqusjobsitioop.odh

N )
: et 6,55 e pan 07 0010 a) 1st mode

[=1E3 Viewport: 3 Odb: d:fabaqusjobsitioop.odh

ABAQUS job created on 30-Jan-04 at 15:35:52 ABAQUS Job creat
CDB! tidop.odb  ABAGUS/Stemdard 6.3-1  Sat Feb 07 09:59:39 ODE: tlop.odb

ed on 30-Jan-04 at 15:35:52
ABAQUS/Standard 6.3-1  Sat Feh 07 O

(b) 2nd mode

a9 5-2 6735 UAAFS F7e Zde] g REgdyd

23 AR TEAT] A UAS 14 S o] §317] mrks, ¥E
ox §Holee Bal FHAYE o] Fel@ etk 6785 HFE 4F A
wol gl g e wAow A HH, ofele] @A AAFAA 6
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olm
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38.9

40.7

41.5

46.5

96.3

10

254

31.8

34.2

34.6

36.3

35.7

37.3

40.7

414

46.5

10

23.1

215

31.8

34.2

34.6

14 2w

[

7=

34.6

36.5

40.4

40.7

41.8

10

22.4

26.0

21.5

31.8

34.2

el
ojn

do
il

g
10

—_
o

097k ol Ak

7o | (g) 1st mode

- 47 -



ABROUS job created on 30-Jan-01 at 15:35:52
o

2 T130p.omh  ABAQUS/Stendard 6.3-1  Sat Feh 07 10:37:24

Srep: Stepci; This lgad cace is the defmulc lzad case thac aiw

1 Hode 23 Value - 50 (eycles/Cim
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(b) 2nd mode

(c) 3rd mode

(d) 4th mode
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¥ 53 37930 UAARE F718 mHle] 1055 v
7% A ATH(A A B 6" 358 UAE 144 F7}

I e I B R e I I e I s
T (Hz) T (Hz) T (Hz) T (Hz)

1 22.4 6 34.6 1 23.1 6 35.7

2 26.0 7 365 2 275 7 373

3 275 8 40.4 3 31.8 8 40.7

4 31.8 9 40.7 4 34.2 9 414

5 34.2 10 41.8 5 34.6 10 465

6" 35 &40l %7} 37483 UAAR 37}

I e N O R N R e e I B e
T (Hz) - (Hz) - (Hz) - (Hz)

1 25.4 6 38.9 1 316 6 40.7

2 31.8 7 40.7 2 34.2 7 41.1

3 34.2 8 415 3 346 8 419

4 346 9 465 4 365 9 465

5 36.3 10 56.3 5 39.7 10 56.3

E 532 37 $3B] UNARE 718 Rl A{FAEFE olde A
Mg Aotk NEAEFIL 67 35 AFE LHolgoR uYgd wde 4
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1 nda mode
Step: Sep_1, This load case is the default load case that alu Step: Step-1 Tnis load case is_the default load case that alus
1 Mok 2% value = de2si. Freq = 34.225 Tevelas/Sine 3 Moae "3 Tvalue = 48253 Freg = 34.228 (ave Lo/t dme|
Deformed Var: U Deformation Scale Factor: +6.950e-O1 Defommed Var: U Deformation Scale Factor: +6.950e-01
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