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A Simplified Finite Element Model for Vibration Analysis of

Vehicle Headlamp

Student : Chin-Duo Hsueh Advisor : Dr. Tai-Yan Kam

Degree Program of Automation and Precision Engineering

National Chiao Tung University

ABSTRACT

This study proposes a simplified FE model for global/ local vibration
analysis of vehicle headlamp. This, FE model can be used for preliminary
design and failure assessment of vehicle headlamp. In the FE model, the
curve surfaces are replaced by plane surfaces and the non-structural parts
are omitted. The first step of this study is to verify an equivalent FE model
of the fixture used in the vibration test via the comparison between the
theoretical and experimental results of the fixture subjected to force
vibration. The next step is to verify the proposed FE model of the headlamp.
The headlamp was subjected to force vibration testing. From the measured
frequency response spectrum, the natural frequencies and vibration shapes
of the headlamp are determined and used to verify the accuracy of the FE

model. The results of the study reveal that it is important in the FE model



to construct appropriate rigid beam links at the fixing holes and use suitable
thickness and Young’s modulus in the simplified area.

This study also consider the effects of the mounting method on the
vibration behavior of the headlamp. The result of this study reveals that the

fixture will be equivalent to the real mounting condition if the shape of the
fixture is a “r1” shape. Such shape will avoid incorrect prediction of low

frequency modes. For the failure mode verification, this study also
compares the theoretical failure mode with that identified in the test. It
shows that both approaches identify the same failure area. The response of
the failed part can be significantly lowered if an additional restraint is
placed at the middle frame part. Furthermore, the fatigue test period can be
shorten 65% for the same failure mode if its'maximum frequency of 250Hz

is revised to 350Hz when carrying out the SAE J575 specification testing.

Keyword : Headlamp ~ Simplified finite element model ~ Force vibration -
Failure mode ~ Fatigue test
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xp(t) =B, cosm t+ B, sinw ¢ (5)
B N - S oA > Fagd bR hlicts R f2B 2 B1E

o o)

b= (a)zn -~ wz)z +(2f0,0) (6)

o (260, 0)
m

(a)zn -’ )2 +(2¢w,0)

(7)

B, =

7 (5) AT RS

xP(t):Bcos(a)t—¢Bl)zBsin(a)t+¢Bz) (8)

-11-



F F
B=+B’+B, = % % (9)

\/(a)zn -’ )2 +(2t0,0) \/(1 -7’ )2 +(2&)

Pk Mz RS AR EB R T B

x(t) = Ae ™" cos(w,t — ¢, )+ B cos(a) t—@y )
= de™*"" sin(w,t — ¢, )+ Bsin(a) t =Py, )

(10)

g (10) 37 T3 FlF fimigrt 3 !

B _ B _ 1 iy
o T J1-r) ey

BHG RIS FlF o Wig R IR R B AL A2 0 S fES AR SO
I 4} “K&fﬁ*ﬁ? K R SLR AR Z W ol Rl P RSB A 2 R iR

s = Y L3 i PN S 1 - S
X2 '1i¢=—5$#5’f’§5 TR S B ,B=2—El$ -/ NN I
il il ﬁ?ﬁ*lﬁf*ﬁ’*ﬁﬂ B0 BB SRS L KR PR A TR
P B IRFTHBZME S F =1 B ¥ r2 RfE XL H B

T RN I =122 FF 0 G B fﬁﬂzzgw/ll 2w
B

hE IR RGN T AR D BT Qz[g—j DR ] (£<0.05)
=1

st ) yp=

(11)

F_L

W

5

220 Q=L » B~ 8 2_ L it & 2 (half power point) ;% :

- - £ (12)

-12-



2
r? :[ﬂ] ~1-28
.

n

2 (13)
r22 :[&] ~1+2&

%] % rz;r‘ ~10 R (13) sS4 e @

ézrz_rlza)z_a)lza)z_a)l (14)
2 20, 20
HY 5 pidrtgr B B2 F 0o, 2 TR TEZHF > A § &5k

JERE(14) AT RFRBE AL B LA JER L E o

v

R BK A f)=Fe o PIER D RN G

mi + cx + kx = Fye' (15)

. . 2 FO it

X+2lw,x+w0° =—-e (16)
m

ot 4
x, (1) = Xe (17)

B (17) 2~ (16) 3% 0 v i EKT

FO
X = 4 (18)

(@°n — 0 ) +i(2w,w)

—\

Xi-dfte $XTE4idp e 7@

F 0, -0’ , — 20,0
v-F : 19
m {(a)zn -0°) +(Qw,w)’ o (@0 —0°) +(Qw,w)° (19)

Bl X » ¥ &7 % #HA) N 40T

13-



X =|Xl|e™"

X| 5 AF BB B

PR L A S
F%

x| = =
\/((02)1 -

)’ +(2éw,0)*
¢= Tan™ (M

2

)
@, —o°

»d (19) ;448

1/

RSB (FiEx,0) 7
x, (1) =|Xxle"?

(20)

(21)

(22)
2 pd drd A BT AR R f()=Fe L
fhud 5 -1/ T
xX(1) = A cosw,t + A, sinw,t + | X]e! P
= Acos(w,t — @) +|X|e" " (23)
= Asin(w,t + ¢,) +|X]e"
PRV o A [ AR Pt 2 F . PN - » =2
TEBL =8 Birtg X G805 #F L %70, =R E S & B S
(frequency response function, FRF) » 11 r=-2 % 7 » B]
a)n
H —
R
a) n

# (18) N~ w

(24)
EAE S B S HG) 5 ¢
H(r)= 2 ! ;
A=-r")+i(2&r)
=|H(r)e"”
#2d o HEg

(25)
EJ T SRR

-14-



|H(r)| = (26)

1
JA-r2)? + (25

i E ¢:ﬂm4(2&‘) (27)

1-7*

23 ke

Yh-Efd R Fs ARG EaR ) (RO d EaK- L

L
mit = —c(x — ) — k(x— ) (28)
mx+cx+kx=cy+ky (29)

y(t)=Y,sinwt =7, Im[ei"”] (30)

X,(t)= X, sinot = X, Im|e™ | (31)
#(30) % (31) o (29) £E

|tk = mo®) + i(ae)|x, Imle™ | = (k + icwc)Y, Im|e™ | (32)
|

k+iwc
" (k—mo®) +i(wc)

0

o’y +i2é0 0 ,
=Y, 2 =Y, n+i2 H 33
0 (602;1 —602)4‘1.(2560”(0) O(a) +1 é:a)nw) (0)) ( )
1+i2&r

:YO >
(=r")+i25r)

=Y, (1+i2&)H(r)

-15-



g W Xps AF B 0 s (31) A7 B
X, = |X0|sin(a)t —¢)= |X0| Im[ei(””_¢)] (34)

Ho o,

1X,| = Yo'y + (2e0,0)*|H (o)

(35)
=YoyT+ (2&r)* |H (1)

¢ ::]Yln_4 P 2 24&2”603 2 2 }
:a)n(a)n;a) )+ (2w, m) (36)
=Tan™ 22& 2}
L A=7r7)+(24r)

d (35) fEasE 3?%1 v (transmissibility ) 4 :

Xl ey me) (37)

Y,

g (34) N g5 AR BB, () E (8 A@?J 1 F 0B () 2 4P

i 4 (phase angle) > 4T L
(1) r=0% r=v2 » =R @E 5 1

(2) <2 (0<Rw, ) =# B ot 1o TR LRSS A g
dﬁ/]‘ o

(3) 2 (0<2w, ) =8 B ] 10 2 R AR 8 B
x4 o

(4) P d A<l PFo FER VAR L > Apix b 4% % > A r>] PF > JER 1L
AKX o Ap ik AR o

SN CIGE LR RS S

-16-



J(O)=k(x=y)+c(x—y) = —mi (38)

B(34) N (38) N ViIEERZ A TS
2 PSR

f)=mo |X0|s1n(a)t ?) (39)
= F, sin(wt — @)

TEPE @ﬁi%lb" (force transmissibility ) & F Al

0

F__mo'lX| r? Xl P21+ (&) H(r) (40)

kY, kY, Y,

4 (39) A dvo 4 B Skl A » BB p AR b £ BT
(1) for<l 4 £ Bt 5 rdid 3 < -

(2) fr<2 o p ot AR R Bt ] o

(3) =2 P RIS 5 4 g‘@;%@]u @50

(4) fer>2pF o stk d 4 B gt dRs o

(5) =0 » reoo THriRMF F o X > 4§ @141 1o

AR AR AT AR S 2 N 2 REAAH S

z=x-y (41)
2 (41) 581~ (29) 58#F ¢

mi + ¢z + kz = —mj = mo’Y, sin ot (42)

HApst i 2 AR PR

-17-



sin(wt — @) = Z,, sin(wt — @) (43)

2
ma
zp(t) = :

TREAPE A S AR D e

0

Z

Lo )= ) (44)

24 5 AR KH

FEHHCE A AT TR DS S e AR TR RS L
FA o FATEEHYR R IART T M SR EH (R RR S R
CRAER G OE LS B)E ek 4 AT RER 0 FIS B
ARMIFHE T ANPGRS S Eh g A 27 4 d

L S0 M L
[M]{% 3+ [Clx 3+ [K]{x j= {F(0) (45)

R M [CIN[K]A S 5 F® SR E R BEL &~ &~ x A W3
GEbE R CHAEZ BB RS FOR AR o b (45) N0 0 4
FO)=0> 7 @3 pd md > 42 LF BT > LR HEHAT T o
ABEL L > T LA A > FREIEL PR D AR

[K]{s }+ [M]{5}=0 (46)

FRE TR ERI L B d JRE 2 AR BHEFG O S E A RIRA B
SHEEM pd RET SRS - P[RS il o

B3R L 388 8 {8} = {@)sinor > o~ (46) 3¢ RIS AR

-18-



([k]-o’[M]) {®}=0 (47)

AR A AT @SR SR B otB O AL
% B & #F M @ (Generalized Eigenvalues)fr B #% ¥ #ix v £ (Generalized
Eigenvectors) ° éib’ﬂ«“imfj&{#)%iﬁi HFHF 0@ CD,T%L%L?}B Bz 3= e

=’ (48)
Bl (47) V7B 5
([k]-AM]){D} =0 (49)

d QLR e R o (49) 3 F fRenip it 5 (K—AM) 7705 e 5
B ooty fod B *i"a‘K*ft‘Miil TR RIS > WRE R D
TR > Pl (K-AM) 7505 @ 2 Rl - s &5 #c ved (48)
FFE NS R S

o, =2, (i=1,23,...,n) (50)

HrERa et pd PR S Ko M 2 2FF R EEJL
F b k) “iK{‘iﬁﬁii’i AR @ LR TR F]t det|K|=0 =
d (K=AM) (77]3% 212 - 3o HFHcE /=0 2 H k2 0=0 2217

2 X
PR KT

2

j ¥~ %2 (Finite element method ) £ - 83 i 4 47 2 ity
o 1l ER DR RE- P E N L o FE O Matrix
Structural Analysis 7 /= 3¢ B B 40> 7 L H_ & 2 (Beam) 2 72 (Truss)

DB BT A SHIRH Y D A BHIRATR  blhe i H (8



S I PSS S SR SNSTE N % K

9}§ EE 3 )]}K;Ig_-ﬁ e 2> S F 27 = ‘fﬁi\%‘_‘ ) ?\?ﬁ“%ﬁl-?}
7R E o I R AR e Z R faE N E - BAF it 4 3 il e
BRI RS B A I FAEE SRR E R N C R
d

JE
. 7; xq;b.% L s W ET’T;“F\’L‘ IE=

[—
R
ﬁ

o
&
it
H N
T
~=h
P
%’p
A
e
o

2. fI* B i £ R IZ (Minimum Potential Theory ) £ 2 & #cig £ 32
(Stationary Functional Theory ) 4% = — 244455 > > 4230 o

3. EALBAL P o

4. KB R B RATRL S F R A
jos -

e 3
-
Y
]
%
B%

\_,
Jo;
R
w}
|l
-
W
&

5. MU~ ZERF IR o

6. &' T i 2 BB AL RELHHE o B9 5 HyperWorks 5 "X~ % & 47 ik 42
BI[16] > — = B 5 "L~ % 42;5% (finite element Program ) ¢ Z
FedZ (Pro-Processing ) ~ % (solution ) f= & a2 ( post-processing ) °
HP o AFEY W IR hHyperMeshic e = > @ K fEpFw k45 4 47
Hhz & R EHF B FfEE > - 402 Analysis % OptiStructig 7 F
f# 5 {8 LV E $3F * HyperMesh sz HyperView - & o

HAPATERAIAR A E S - Bg
% sy fjk{;iu”ﬁ A2 2E P AL HEFTEIRER G
( Boundary value problems) *7% & 21 % » % 1 2 480 p FHd ¥ 7



UeER - - BESZE (PP XY Z47) V- BEFF (F* ¢
27 ) B RREYAPLY T RS - BER AN &R
RSB > 2 F % model A 45 & — B4~ 4> K 38 (Initial value
problem ) > Fl i A= dopF AP g 2l F Ao dvo RSP BEZ F Y &2
v A7 4n B R AL 1 'L AL 4~ 2 (Finite difference method ) & ff# -
to- 47 PFRY R Bchp 2 1 42R 42 (Initial-boundary value problem ) & 41
VL L LFRFRMER AT IR s R Rk ER BN
WoR TG UAFE KRR BN T AR LT G d R B
B i Lo BRERELfzE e Ak o

—\\

=N
(Mesh) > @ f&m B> E - LG~ 2 H D HEFH > 258 > K64
£ AR EEMSEFERE kg AR ] §82 A e
» B~ R ARk S B B ARE K A BT - f[%s’ﬁ
tz%%d UG SRS BTG Sd E RN ES KTy LR

FRAFER IR S - o A2 Fha i 1
AP g f2¥v d % (Element)~ & 2 (Node) T #rh i & it £ B i
DEE Bt 2N RSB ELBAE  FEEE A - 428 A Nl 47
PO R A r IARRPE AR EE S T H AR R R - By A
% 23] (Finite Element Model ) ¢ 2 7 & 8.~ ~ 3% ~ #1414~ 1 42 4 5L
AL OFR iR R g RR RS2 TR LE
B UG ANTOMAE T RP G UAFHARAAL B2 B E T AT

T -

21-



& 8t (Nodes ) :

%:,ig%{’f#g\ + LR ,:l‘: ‘metkd& a,L,' jI‘/L{iL %\, ﬁ:iﬁ;l ﬁi,?’: “,f’._,t’ E’f”ﬁ_\
AE e AL PRLEE T R ﬁ‘ﬂé&?ﬂ(égi%\ﬁ S
BE) Aossed 20 h (23 S RIRE)

2. =% (Elements) :

AR Bm R S S ] AR A A
F2Fd SRIPRER AL FFEOHET FEREY TEY R
ko AEF P e 7P EERY PR A FEA G R A Sy
Ao FliE - BAZRGPEABPAK A NG ST g b 0T
oAl GE RO RSBk B SR A F S S
(Element equation ) » 28 {448 2382 % 5934 T 7> el mf = A=k - A -
Rz Rl AN RO - S i ;—H#"} #%2.;%  (Structural global equations ) °

~m

)‘@:11} 533 fR S 43]%;571'4-‘: LUK o I]}W%Pm%‘ o - Jg)f;«»}g xfl;b_%;,,\
FHHY B REIRT R AT ERD R G A E

W~ Z o1 s TP EHFE 37 A A BF IS oo
3. p 4 B (Degree of freedom » DOF ) :

RS SR SIS AR S SRR L
DD PEE B EEF - BA Y R IDPEE BHEG Z B Y R E B
F BRI R UL 2 BT R AT A o BREBERS
dRAW* Uk Uy Uz k2T aw BHEIA ¥ i k-Ik4%7F B
TRE~FPpd RTUEAT

d={ U, U, Ul v/ vl v/ vt uluf ul vl vl (51)

y



4, 25 3 #ic (Shape function ) :

b IR EEHE Y g BRIy =f(x) L R L g
fry B3 F Rl f(x) 0 45 - (EI B © ArERANY AL (% L AT 01f% o
T iE W AR R AR BT F (Piece-wise smooth ) > 7t Wk fie A £ H g i
- A A F o o B AR A KA - TR Sk
RE AP T ERITLA B o8B P BE S 25 AP IE
(Linear interpolation ) » = # /4 * = St Snfek &1 - B A Ivdfe > @& F
WA EM L oA B D X MRIFEASBC BN FEE
2 5 = =¥ AP FE (Quadratic interpolation ) e

FHBEART 3 AR APER S PR sl S
£ RS OTES T R E VRO S O S e

Bk 7 8T R0 e BRSRF g F - p

% ,T;U%;? S AP SRR T GBS HE ST A G

% 322, ¢h2) % Sific (Shape function)-o 25, S fic £ % R 2% = 3w fo & 2k

Bird B G

u = Nd (52)

NLZAkdlic U g3 560 uf 3x] o B 0 1 NE 3x12 4B

4 q;;t;ir—r :

=~

0 N,
L, 0 0
N, 0

(53)

OOZ

Nl
N=40
0

S 2 S
NZ o O
oS O 2
S 2 S

0
Nl
0

ZOO

~

0 O
N, 0
0 N k
N, >~ N, > N, ~ N, 235k Sl — dm 2 0 - ﬂ;i%—&r%’ﬁ nf[a;%i%hj]-‘&g
Fon Bz AR S § AR BRI L FARBER RS @



é T]/;‘P‘“‘L'ﬁ’tq\—— "\Bi ’ Z\T%I“"f’%‘ﬁ'ﬁtlf}.?{é - =% h},ﬁio

B 4ErE (Stiffness matrix ) :

> A2 0 R p 40T
kd =f (54)

He g R A2 e ehpd Bordd— B 12x1 chp £ > @ kH_12x12 eh4E
oo SR B ALY eh4 s k5 R (stiffness) s k 5 2 B EaEE > H
FHSHES T ARt L

KD=F (55)
FOE Y g gkt ohd 20K LM SR 245 (Structural global
stiffness ) » D & FH G173 &g np d & -

A2 A AEHU- BB pd R AR ERORERRE
3 &igg@,gﬁo BAREE Lk L g RPN R AT

F=[K]eX (56)

o F 0w K AR R R o A

=
- K 4P Ui‘é__éz m = 03 & - B~ %% ) KA
iF ¥

24-



/ k; kij X,
-}:|:k.i"kjj:|.{Xj} (57)

F k, —k, 0] [X,
F,+=|—k, k, 0|esX,
F, 0 0 0] X,
A% 2V A

F 0 0 0 X,
F,+=|0 k, —k, | o1 X,
F, 0 —k, k, X,

F\ [k —k, 0 X,
Fo=|-k — k+k,  —ky|o9X, (58)
F| |0 —k, k, &

Fose At LA T RS 2 e UL R R A

Tod ARAGERERFER . KEL] - P

det/K| = 0 (60)
FIb s B KT 2 G A RS ARG LR APRIER YA S 0 F L



BTG R 2HMFEL O NRALRMEER TR ABERGEFTL

Wk FRLB KB > 6 17 det|K| 20 0 T 2 fj}‘u‘@ FIREB 8 i
A

HRz A2 RIMES > L U F 2 KB g R iz - b
TR EEE o R A kAt R BoaF A b 4 2 kP s ot o
®oEMAA R FERFERTE 0 LA BN
F) [k -k 0 0
0 bv=|-k k+k, —k, |eiX, (61)
P| |0 -k, K X,

ko+k, —k, | (X
0 — 1 2 2 ° 2 (62)
Pl |-k, Kk X,
F=—k o X, (63)

B A RfED 20 L B eh g

X, [k+k, -k, [0

= . 64
{Xz} {_kz kz } {P} ( )
BEEV RIS R L gE 4

Fi=—k o X,



112 57 0 RT3 - AR AR RGN AL A
19557 » 2 & A Z4REF SR T e 120472+ 1 0%

EH I RN AR E R I LB ETIE
2 EEEFERRERE Z AT AEH AN E ISR FRE % F B
5 ] edR 2 K PRAEHE 0 L R A fE PE L 7 S 405 £ FEARCY

LR £ fRE RS PSS RS LB

)

3.1.2 §red et A4

BAI & %2 IGSY & B Ah % = R MIGSE /4% > T 44wk
W BRiE 7 AR 0 £ ¥~ 7 % 4 47 308 Altair HyperWorks 2. HyperMesh
Hole 38 7 A 1L /0T 0 T {8 R TR OB B 2 1Y {8 2 model 3~ Altair
HyperWorks ™ 2_ Optistruct #i- 8 i& {7 18 J % % 2% T~ 08 & 7 22 5 4] =
SR T B fh TR 7 AT RFRL 155 B 5 AR A 45 5 % BT 1% Altair
HyperWorks ™ & a2 2_ Optistruct i %2 2 HyperView #i £ :& {7 % % #icyp B~

A=

-—\

Avd B2 o f REORT 4 KR 2 RE A R



A2 FEA #03] > A W40 BRI 2 RaldREF A4 0 Hig kB
BAHRELERE LEFHRERSFEF Ko ik 7 FEA 3B 2 o
SRR AS L e it isz B % FEA AR FHRCAEE L > Bk ks
SR IR E P AR KA A TR T S 2 5 VR (7 S i

4] (Equivalent model ) £ =

1.§%@f£ 5ﬁm<i%#?%$@~$£i%#?§§5
PR AR R R TR R A B R R e
AV

(“

)

2 BEAB R4 T $HE D g FEARCU {15 0 i B2V E R 1 4
e AR L 2 S .'rh%fé?‘ °
Vﬁg~%£f%@§@%%i%é’iﬁ‘ﬁi$ﬁ@a¢1

AT R R R s

32 FHEAEMHA

TR AR PR E LRIE R - B % T A AT
#r 2 RBRFIFAL o

ATTREARIREF SRR Y iR R A 2 TENES S T AHLE
v (Z#h) 155 £ RlEd; S %‘;‘”_%F'J”**Mi}i:%*fﬂ%;%??‘sfé—%%%ﬁiﬁi%#
g BORIF Seid RPFF RS ATINE (AR FE TR ek B FEI0R
) e R iR A ARG AR MBI R s # F A B e B

L B AT E T BAG  BRs Ao R 1297 o

8-



. RN Aok 19277 o

2. AMELHIE R AR 2 AT o

3. 7 F A B o

4. e BT IEHIE BRI R4 34T o
5. 81T e T AR o

3.22 HOR B RIR A

%+ 1SO 7626[16]:it (75 & E* jp B2 #F F MR 2 H A FrL > Y
WA iR B 8 KK ol B RE 0 el BRI~ 03

-

Lo M AT RERL REEF T &8 EEF R RES TR R

BRlk e B30 RE R AR AcAA

33 1471 &
3.3.1 Altair HyperWors 4 7 #ic 48 f§ 4

d % R Altair® & HyperWorks 2 1 A2 4 7R B 508 - ¥ >t 3 3] »

A SR S AR P £ R # * B L o HyperWorks[17]

7| & 47 #c %8 & 7 HyperMesh ~ HyperView ~ Optistruct ~ HyperGraph... % o

H ¢ > HyperMesh & 3% = & P w0 452 & ¥ 3 2 % iv i 4% > HyperWorks

TR EEF 1 A2% 2 CAEA VR ~ D RPIEE > T BB
SR T R T 2 W Bl (TR

3.3.2 HyperMesh#* ¢

HyperMeshrir— § »c 2 § "~ F 9 (3 ASL § » 7 22 2 & A7 fe o3
2.5 Ay VLA HF] > 12§ ACAD{-CAE##E 247



%zj#@yﬁﬁfh”%ﬁﬂﬁﬁéf$ﬁ‘Qiiﬁdﬁiﬁiﬁﬁﬁbaﬁﬁ
oA ET L A-REART THS 7}@ L% 238 {7 4 7 > HyperMesh§]
2 A6 T P RFFCADS PHIFE G §UARA 0 @A R

ARy F o 0 Bl14 5 HyperMeshi * /i g o

pp)

3.3.3 Optistruct s

Optistruct & % F* 3 & F-2 P4 K- B w2 Bl fr b id it
12> P oA R- R ERR KT AT BT E T
B ED 50 h P AT O 7 A F 1Y W o Optistruct 5 143 LA
BEAML R AL B FRREEE S Copology) 2R
(topography ) ~ 25,4 ik i (shape ), #2 & < i b (size) ¥ A 4 Hrrk 3t
PEE B o 57 1% B2 JRIbl SR & LR i e AR
B~ B RUF S PR sk S A 45 115 5 Optistruct®® * 4 6 o

3.3.4 HyperView#* st

HyperView 5 - = E 2 {6 a2 2 ARLE VR8> ¥ 305 "L Z A 47 -
SEMAAPE SR TG e  ERE RS ARk
BT EHI > mitipEansk o B 168 17 5 HyperView @ * A g o

34 HEEXBDFE A E WL

AT 2B EEREE ANE S P BEE BEHTAE S F RAR

SRR FHFEE L S R +ﬁ#«“ﬁ’im9§%ﬁjlﬂﬁﬁggﬁﬁﬁ¥

uﬁ#gy AP B T ALY OB b MatWeb[19] £33 B2 AP M F
7},‘ °



AETL AR FREE S RREPHT ARSI B F AL
PR S PCRAEP (Lexan) HF - BALTREM 7 R %R 2 @
FRAGN B ERGaAER b2 LB B R S REETA T
F¥7 d 23~5.1GPa- s B A2 R FF APPRA G4t P F rELZAF &
HE o PPRELREM 4o~ F RS 47 & HE T K3 Bl ot
Mo ik g A E R L AR AP GHREELS T R
1.9~5.17GPa « 4B4F 4 F S48 2 5 B F B4 SPAR AT S = o4 b 7
PRE2ZAFENT PARBRLTREW  H B RAFLEHPET RS R

RERS ﬂi’w*?qﬁwﬂww*@ﬁux7gﬂ’ﬁﬁﬁﬁ%ﬁ&
B~ # 7 d 2.1~552GPa> ¥ b > i5 B & 4F fae & £ A6061+H1 7
A A A S R BE 9 68.9~69GPa o i5 B X 4§ L SS41 % 7 4 4k +
Foo— S A N RIKEE$200GPac @B >t AFT T A 2 Sl

WA F Ao A 5T o

31-



AN A
ﬁ*fgﬁ%ﬁﬁﬁﬁiﬁﬁgﬁ?uﬂﬁ% 25 41 T Y
EEHCE R RS AT RECRRE ) 5 FE? BRI R K 1Y
1 Ase bR A b R B s ‘_Lﬁ_ I’T’*’ﬁ'\éﬁﬁz}—’”i $Hif & % o
LT ARBH 2 IR R AR AT R SR e 2
FHAFEERIE L REETRFIFIRFERE T RS F RGP T Rk
2

4.1 AFLHWB %2 5 ERE D %

s B (FII8) £ 4 5 - BAERR - JZA L HE A - 2
AAHE A FFEARFLE B - RS T~ A SRR T (F
19) -

411 FRER p AL LIRS PR

. Fakswe Bpl

AL F IR e E (F20) > BFREFATER § AL
R PR REX ﬁ%%wwm,w@ma BEfE A 47 3%
e 4l SRt B 254 B4 L P U g 4 %#ﬁ;‘ﬁ#&’?ﬁiﬁi&??%ﬁ

HE > Rz phe e R UBRERH T AR L FE 2R H S00HZp
2 B 0 % AR e AT R R E B2 5 R & ¥k (Frequency
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(1) E ¥4 Altair HyperMeshz: £ 57 #8173 (BI31) > I & 7 ez if -

(2) ez 13272 [2D] #iEH > 1+ [automesh] :E
Ao u 43Rt 2 ML e mess 2] (B32) ~%element

#* apAjquardsiE AL~ & e (£5)

(3) BB R s (constraint) % 2_: RiF &4 L 2 @ £ 12424
By 47 U RBE2 (rlgld beam element) 4 &' = 4= &
B2 ip ¥t =4 (DOF1~6=0) > f = (independent) 4 *q ¥ & & 9

AL AHELFEEIY 0 T b ¥ T R R A Y8
Vs %“%"Z'i BARFELEAR L A FREAINE GG R
BlMds (B133) 0 dys EFEARIE R & T4c B34 7 o

(4) HEHEAIT > 22 %8 - md TEH# [collectors) & & B+
wiE B o222 (create) ~ ¢ ' % £F (loads collectors) -  fcard
image:i 78 T :F HEIGRL:E = FHcE &~ 47> 2 » A EIGRLZK T_p %
¢ VIAV2 (e B AT ) A Bk s 1% 500 ¢
ND (B #i+e ) K2 510-

o

(5) X EHAEAFT4SE © 26 4~ 2.iF [subcase] ## i H » a7
fasg (type) 78 TiE#H p RH8& (normal modes) » & 7 &
( method ) BEE ) 2 (4) 2.EIGRLE & % -

(6) T AFHTERAER 247 2» [Collectors) F H » 2h:if
[load collectors )& = - § T EE EE [no card image )% # >
2> — BConstraints & & £ - 32 & =+ [Analysis] #1752 E 5 £
® E# [load types]) ¢ T EE > B [ constraint] *2+1i%
#E38 > EH [SPCYH gtdndE% > ¥ & v [Analysis] £ & ¢
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e P2 UG RAPE M 2 gAp R iR DA e Y R
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fffap+ EH o BaE [ constraint) *2+4]ik #5358 » ;2% [SPC]
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¥
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oo

(4) Rz 243 vt = HA4]E2 464 ¢ & [Collectors]

#FH > 2L:iE [load collectors]) & = - Force § THEER &Ew
[Analysis] #~ 47 8 & 4= ¢ £ [load types] { §* fosp+ £ ¥ >
1% # [ constraint)* 2+ if i :% 78 »[ force :]ﬁz,?l »~ FORCE [ constraint
=) ¥4 [SPCD]) s #|=#4 & EE - [Analysis] £ H ¢ > EH
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FH > 2% [load collectors] = = - EIGRL § T HEEE BE

[cardimage] £ - 4% [EIGRL]) £ » ¥ & {7 EIGRL %#
w o [Vi] 2 [Vv2] '”»v\“ﬂlﬁi%]% 5 % 500 (4 474 & 4= [
5~500Hz) -

(6) EH— Bo ez 4 54 >3 0 26 4 ¢ &» [Collectors]
FH - gk [load collectors] = - FREQL f §* # & & » B:E
[cardimage] £ 7% - 5% [FREQ1) £ » ¥ it {7 FREQL %#c
w0 e [F1) Asde s TR S ~ 5 (424> 5Hz) - [DF] #7 5 4
$o i BB~ 2(F Z 4 2Hz) 2 % [NDF) s 4 8 45 ~ 248
(%~ 501Hz)

(7) 24— Baflpdr2 B F f484 0 25 4= ¢ &~ [Collectors] £
H > 2b:% [load collectors) &= — TABLED1 § T REE BE
[card image]) :5 75 E # [TABLED1] :£ 7 » ¥ i = TABLED1
#k %0 & [TABLEDEL NUM=] éiﬁ‘fﬁg—]% 2 (Az4p2 ¥
2 A ) A A 8~ 5 [y(D)] Ask

\\\?{r

=
I+

J

B B A~ 1 [x(Q)] # LB~ 5000 22 [y(2)]
HOLHE SR S L
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i {7 RLOAD2 %#ck #_° & [EXCITE ID)] % T:E &+ o 2
B (d)2Zzz>z2 Force 8 £ B> a [TBl T EH&Hm e 25 (7)
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3V o

(9) 24— B3 F1jcR 2 8 A7 5 F 2 157 2 1 [Analysis] & 4718
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75 © ghiE [freqg. resp(model)) - & 4 i [SPC])-[DLOAD]-
[METHOD]) ~ % [FREQ] £ ; # ¢ [SPC]) Q#ﬁ%lﬂﬁfé
(3) % > [DLOAD] & 43171425 (8) 3% » [METHOD] & 4
517425 (e) 38 - [FREQ]) & 4531 51485 (5) 7 -

(10) 22 = sg4Edeir 41+ T [Analysis] ~ 475 H » 4 ¢ £ # [control
cards)> 2-:% [ACCELERATION ):% =& -[FORM ] g-:% [ PHASE )~
[OPTION] 2t:iE [SID] - [SID]) £ ™ 2L @ X 22 A p o
=3 4 47 & 2L3 2 Node_output - 2::% [DISPLACEMENT]) £ 7 -
[DISP_FORM] g:iZ [PHASE]): [DISP OPT] &:% [SID]:
A 2130 [SID]) £ 78 ™ 2LiE Fe w0 it 2 4 47 & 2L 2 Node_output o
g2t:% [FORMAT] 31?] A1 8 2% 38 5 [ number_of formats =] ﬁi%l 25
# [FORMAT V1) 7 FORMAT % % g2.:% [H3D] 2 [HM]
# 3% o 2hig [OUTPUT]) ﬁ%l d13% 18 » [ number_of outputs=]) ﬁi%l IN
1> & [KEYWORDY) 7a ™ gt:% [HGFREQ] % # [FREQ] 7%
T aL:g [ALL ). 2E:% [PARAM]%?J 414, 3835 318 > [ User Comments )
787 9 [COUPMASS])% [G])’ &[COUPM V1]e::Z[YES]):
& [G V1) 55 © #~ 001 ( x safe i 4 #c) > 8.3 [HGFREQ)
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-60-



M= B R K SLS ddR R TARR
1 AR TR AR 258 A model ¢ = "W @i o5 2 4
g g i 2 o
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(4) 2::% [nocardimage])] £ » & 2Li% [create] -
(5) [Analysis] #~+7:% H & 4= » :£# [load types] § T+ EE -
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=) i£# [SPCD] 4l & EHE -
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3. sl DA B R 5 A TR
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(3) i [load collectors]) 2= = - § THREE W [name])] 72~ ﬁ%l »
EIGRL -
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4. sp AR F R L - BRPIpERZE AL S .
(1) i@t ¢ &~ [Collectors) £ & -

(2) # i o ¥ T E# create jh fi -

(3) 2% [load collectors] & = - f §* & £ % » ** [name] ;E—r@?] x
FREQ1 -

(4) 23% [cardimage) %7 » ¥4 [FREQL) &% -
(5) 2tiE [create)] =+ 5 # -

(6)BEE AL F = # Model £33 ¢ LoadCollectors 2. FREQ1 it 17 % #ck
>t [FL1) Azds» 3745 5085 » -5 (Aede SHz) ~ [DF] 47 5 44
@J * 2(5 =03 e 2HZ) TL 2 [NDF] . 4o 88 8 ~ 248 (&

+ 501Hz) -

5. s 4lpcdRIg F AT R L 2 - BRI f 4 .
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3
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(1) i w4 ¥ i~ [Collectors) £ H -
(2) # v o 7 E# create & & °

(3) % [load collectors] = = - f §* & % > »* [name] 37 = #; »
RLOAD?2 -

(4) #.:% [card image) ¥ + £ # [RLOAD2] %7 -
(5) 2:iF [create] = = B 4% o

(6)BRE AL § = 1% Model £ 8 ¢ _[oadCollectors 2. RLOAD?2 :& {7 %-#«c
%7 & [EXCITE ID]) :55% ™ ﬂ}?] > 9 (#7754 %4= FORCE
i s 9) @ [TB] ﬁs?] ~ 4 (~# % TABLEDL %% 5 4)> 11 %

[TYPE)] 2:£ [ACCE] (4cit BA)5%) -

7. s AR 2 6 O S A T R

(1) [Analysis) # +7:£ H @ 4= * £ # [Subcase) ~» 7% & -
(2) [name] 3% = #; » Force_vibration & = — 4 47 % & -
(3) [type]) 7 = &::E [freq. resp(model)] -

(4) 3:% [SPC]-[DLOAD])-[METHOD] ™ %2 [FREQ] %7 »
AR N w%&a@]/\ 8 (~#7 7 constraint %% 5 8)~5~7 %2 6>
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2L:% [create] -
8. & kR4
(1) [Analysis)] ~ 17 ¥ @ 4= ¢ :£#& [control cards] -

(2)eL:Z[ ACCELERATION ):% 72 ’[FORM];!—Z&«:‘%[PHASE]’[OPTION]
2% [SID} (A 33 ERA 478 ) wdik [SID] 4 ™ 8
IR 2 A 7 & B 2 output () 47) -

(3) g% [DISPLACEMENT]) £ 72 - [DISP_FORM] 2L:% [PHASE] -
[DISP_OPT])gL:Z[SID)(##= 3 #p F B R A 75 ) &1 R[SID]
iE 7T ghiE 2_ /7 & 2L e output (1B 47) -

(4) #::% [FORMAT] #; #1455% % 57 > [number_of_formats =] #% » 2 -
# [FORMAT V1] 78 * FORMAT %~ w|gk:z [H3D] 2 [HM]
fé,'\ °

(5) gk [OUTPUT] ﬁi%lz'zi—‘&fié s\ number_of outputs =] ﬁi%l ~ 10t
[KEYWORD] 7 * g.:% [HGFREQ]) % % [FREQ]) & T g::F
[ALL]-

(6) 2:% [PARAM] ﬁ%:’z%{%ﬂ;\lﬁiﬁ » [User Comments) 38 & 3 %
[COUPMASS])% [G): A[COUPM _V1])eL:£[YES) &[G V1]
g 010k g R R i) gE [HGFREQ]® “[FREQ]
75 7+ 8hiE [ALL]-
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% 1 TR IRE PR

R %135 UD / TA240D-208

B 44 2,100 Ibs

Bk drik B 100 g (sine) ; 60g/ms (random)
BB E 2 inch (pk-pk)

F 2 AELILAI B RE

R 13 5 KD / VCS-102

o~ 33 AT T s

B 130 3 1 ’

B~ £z 0.1V ~ 1.0V ~ 10V

ﬁi%} R R & R +10V

B~ [ 002 5% | 240 ol (ADC)

ﬂi-%i ~ gt s T RAC## ~DCA & {rICP

F 3 A R
o] besd RS BRI R

BomlA 5L | B&K /4371 PCB/353A16
® AR 9.90 pC/g 12.41 mV/g
#g gaw 3| 1Hz ~ 12.6 kHz 1Hz ~ 10 kHz
svif B & B | Max. 6,000 g peak ( Sine) | Max. 8,000 g peak ( Sine)
T 11 grams 1.5 grams
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F 4 HRERRERRE
b1
| RBEE | R Ak i
=
#-Jr B PF 5 20 %{ﬁi#ﬁ
, iy #E 5 = ) 0 1~25,600 Hz| |
1 (453 A 45 % | B&K 2035 N LTI IEE s 2k B g
# i 4 F © 80dB
Pl o - R
#7 % § F 1~10,000 Hz
2 | it B3t | PCB 356A68 % AeR 1.02mVIms? il 4R 6 25t
P type
3 | # ¥4 | PCBO086CO3 ‘R4 2200N o SR
3 f/ s L“'; =2 Ll
= g 2amun [P
_ iR R S B i
4 41%/,$MBDynamlcs T
%4 # R .
N | $S250VCF iR F R i
i)
2 5 R ER 2 FH TR
T8 X adic v,)i T A T Ak B
w i " ki ?t . Fi "
% (EMPa - (p) " fam | (v) (mm)
1 | P gs | PC Batpepy | 2.35x10° | 1.2x10° 0.300 4
PP & 75 % +
2 | 4% R o 1.5x10° 1.5x107° 0.300 2.3
Talc
gE4niEar | PA6 R4 + ; .
3 , 2.35x10 1.4x10 0.300 2.8
Fosts | M
< %% | PAB RIY + ; o
4 , 2.35x10 1.6x10° 0.300 2.8
ko M 7
fea | PPER % +
5| o 15x10° | 15x10° | 0.300 23
K E Talc
6 | ioE k¥ | 48L& £ 6061 | 6.9x10° 2.7x10°° 0.330 10
7 " i44m SS41 | 2.0x10° | 7.8x10° | 0.290 6
& 3




% 6 JISDI1601 S % JEho& 225 2 B

¥ s 4 5 4o ) S5Hz ~ 500Hz
P v ik B 1.09pp
Bl 1 octave/ 4 48 (4+i#Kk)
Frfa Ty 1 sweep
% 7 Wi S
B RE b i
wal | st | By | gACKR | ICP | "
! kS
Fedl | 0.10 bk B 990 2 1.0
+ B e . Uik mV/(G) - '
Foal | 0.10 g B 985 # 1.0
| R ' T lomvie) | |
Foal | ELE 0.10 Seig B B 2 1.0
AN ol =R e ||
) | L B 0.10 duik B teal 24 1.0
ik e i . LS mV/(G) * .
# 8 | 5k
R SN+ 4 15.00 mm
B A 15.00 mm
Bk iR 1.75 m/s
Bk Arik B 18.00 G
B o] BR e 4R 5.00 Hz
B4 mpdaE | 2000.00 Hz
B4 Spds TR 10.00 V
Pk 20 dB/s
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% 9 F % ¥

347 R 1024
N 2400.00 Hz
i S i
AR F 1.0 Oct/Min
A E 0.5 (Oct)
el ek H il s
Ja ik B LN
+ 5 (%) 25

I E S A 20 (dB/S)
iwEHE 10 (%)
Ao ds TR 0.001 V
Axd i Poik Az -
B SRl T R 1.00V

% 10 S

' 4 VBT RE | RE P
4 5 SAE | hd R | #A RPN
pk_pk H = F = L e ]
(Hz) | (dB/Oct) | (G) (m/s) (dB/Oct)
(mm) (dB) | (dB) | (dB) | (dB)
5.0 1.0 |0.311944|19.858951 |}z % 4c:¥ A | 6.00 | 3.00 | -3.00 | -6.00
500.0 |}z 7 4c:f B 1.0 0.003119 | 0.001986 6.00 | 3.00 | -3.00 |-6.00
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2011 2 GxRi0E R LRl

Sl | B B o %L
1 HL B X
2 HC2 {8 ER Y 2 2
3 HC1 s F AP 2 il 27
4 HRT2 | 5% A+ plat = #2
5 HCT SR 3
6 HRF fs & R E Tk
7 HC3 |5 '% & ¥ & i3
8 HRT1 | %A+ Rt > #1 5128
9 HLF (B E = BH T
10 HCF R - R R - 9
F 12 2EFHREFIPF R HRGEIEL O~ p A FE
L R EEF B F %
& P Peak 1 Peak 2
S5 K
I— B Wy, G W Wy, G @,
(Hz) | resp. ¢ (Hz) (Hz2) resp. g (Hz2)
1 HL |61.1] 1.8 |0.13|62.2| 148.3 | 5.3 | 0.06 |148.9
2 HC2 |61.6| 1.5 |0.23|65.1] 148.3 | 45 |0.05(148.6
3 HC1 |60.8| 1.4 |0.29|67.1| 148.9 | 5.0 |0.05 |149.2
4 | HRT2 | 61.4| 1.4 |0.25|65.7| 148.9 | 4.2 |0.04 |149.2
5 | HCT |616| 1.4 |0.28|67.1] 148.3 | 5.3 |0.04 |148.5
6 | HRF |61.6| 1.7 |0.13|62.4| 1483 | 4.4 | 0.04 |148.5
7 HC3 |61.1| 1.5 |0.25|65.5] 148.3 | 4.0 |0.04 1485
8 | HRT1 | 61.1| 1.5 |0.22|64.2]| 148.3 | 7.9 |0.04 |148.5
9 HLF |61.4| 1.2 |0.23|65.5| 1483 | 1.4 |0.06|148.8
10 | HCF | 616 | 1.4 |0.24|65.6 | 147.6 | 2.9 | 0.04 [147.8

PRI

204 PR ES AT E o, % 2 i £ 8 (half power point) 3

o

&



213 2R Ajp R AT RERER TR
~F <+ £ (9)
AR | AR | ~iEkE | B
! r"f % s g a BLECE (mm) e P
B AF PSHELL 483 1438 19 4945 | 4930
A 3¥2% Z1 | PSHELL 63 232 12~40 792 | 786
A 3¥2% Z2 | PSHELL 67 248 12~30 744 | 746
A 3% L1 | PSHELL 15 62 12~30 220 | 215
* 3% L2 | PSHELL 24 95 12~28 213 | 216
# 14 ZpEHTERp RERELITES
. ATER AR
A 5 &3 FCFLE I )
R
L% 71 | 157Hz Ao s
+ bending
i
LHHZ2 | 201Hz R e
+ bending
i d s
LH% L2 | 427H2 S

+ bending




% 15 AnEHEER P AR T HRE AT R
% 4 AFEAEERE R EAER T B R
e
=% Imodel|/mode2 |mode3|mode4| L1 | Z1 | Z2 | L2
§ Z1 Z2 L2 ] N/A | 152Hz |216Hz | 427Hz
A Z1 Z2 L2 ] N/A | 157Hz |201Hz | 427Hz
AL BE | BE | BE | BE| 0% | 3% | T% | 0%
T Z1~Z2 L1 L2 A w) L AR NE S rmip 2 Y B 18 -
%016 %in ks dIEIRT R A R
#g % (Hz) eig B (Q)
B2 R
FEA | #& £ (%) FEA | & |F4 (%)
LyELL] — | - A A - -
A 2% Z1| 157 | 1503 |  4.46 54 | 34 58.82
A HF2%E Z2| 203 | 2051 | -1.02 84 | 102 | -17.65
A H%EL2| 425 | 429 -0.93 87 | 109 | -20.18
%017 *pEFEAR 314 L R
WEE | TARRST | ARHEC | AR | 0 EE 4L
5 | (mm) (/@) | (SHELL) | (1)
e 19~30 652 Quadsd | 2,175
mo | 317 | 4184 | Tl 13241

-72-




% 18

_}\/r'___ %*)\;E A)\,J.ac i_{,ﬁLL‘ﬁ‘L

s | RERT | ke | A | Bae | wgey | O RRERRRE
W | (mm) (1) | (SHELL) | (fm) (s) u LA | 28 | L2
N/A | 152Hz | 216Hz | 427Hz
: 5 3% 7% 0%
i 19~30 652 Quads[d | 2,175 4 0% | e | mome | wm
4 - Quads + . 3% 8% 0%
mo | 317 | 4184 | OB é 13241 | 30 | 0w | o0 0w LR
W IZ1NZ2 L1 L2 A G AN Hmip £ F 18
% 19 é%ﬁifif&ﬁ?q‘i%
T2 (9)
AR i % PR ~E TS ’ o v
7@_4‘? i -? w a5 oA
N M %
HPER SHELL | Quads+Trias. {:1138 377 | 595 | 590 | 0.8
fs & A SHELL | Quads+Trias | | 479 1,100 771 765 0.8
G ke AR B S48 | SHELL Trias 202 479 373 369 1.1
> o ERE OB SHELL | Quads+Trias 81 179 66.5 63 5.3
{6 A KE SHELL Trias 147 328 68 65 4.4
& SHELL Quads 483 1,538 | 4930 | 4945 | 0.02
L pE 71 SHELL Quads 15 62 786 792 0.8
* fpie 72 SHELL | Quads+Trias 63 232 746 744 0.3
A Ll SHELL | Quads+Trias 67 248 215 220 2.3
X qFiE L2 SHELL Quads 21 84 216 213 1.4
020 J 1 H0TE R R LA
o Freq. Resp. 1 Freq. Resp. 2
wE FEA (1) £ % #x (%) FEA (1) £ 5% #E (%)
Freg. (Hz) | Acc. (o) | Freq. (Hz) | Acc.{g) | Freg. (Hz) | Acc. (o) | Freq. (Hz) | Acc. (o) | Freq. (Hz) | Acc. (o) | Freq. (Hz) | Acc. (o)
HL 57 1.7 | 61.1 18 | -7% | 6% | 141 | 17 [1483] 53 | -5% | -68%
HC2 | 57 26 | 616 | 15 | -7% | 73% | 143 | 56 [1483| 45 | -4% | 24%
HC1 | 57 27 | 608 | 14 | 6% | 93% | 143 | 52 [1489| 50 | -4% | 4%
HRT2| 57 22 | 614 | 14 | -7% | 57% | 143 | 29 [1489 | 42 | 4% | -31%
HCT | 57 26 | 616 | 14 | -7% | 86% | 143 | 66 [1483| 53 | 4% | 25%
HRF | 57 29 | 616 | 17 | -7% | 71% | 143 | 28 [1483 | 44 | -4% | -36%
HC3 | 57 27 | 611 15 | -7% | 80% | 143 | 57 [ 1483 | 40 | 4% | 43%
HRT1| 57 21 | 61.1 15 | -7% | 40% | 143 | 68 1483 | 79 | -4% | -14%
HLF | 61 1.7 [ 614 | 12 | 1% | 42% | 145 | 17 |1483| 14 | -2% | 21%
HCF | 57 29 | 616 | 14 | -7% | 107% | 141 | 34 [1476] 29 | 4% | 17%
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% 21 Fé CHCA B IRE B B AR 2 AR IR A LR

o Freq. Resp. 1 Freq. Resp. 2
g |_FEA(2) £ % WE(%) | FEA(2) % HE (%)
Freg. (Hz) | Acc (g) | Freq. (Hz) | Acc. (@) | Freq. (Hz) | Acc. (@) | Freg (Hz) | Acc. (@) | Freq. (Hz) | Acc. (@) | Freg. (Hz) | Acc ()
HL 61 21 61.1 1.8 0% 17% 147 55 | 1483 | 53 -1% 4%
HC2 61 2.6 61.6 1.5 1% | 73% 147 65 | 1483 | 45 1% | 44%
HC1 61 28 60.8 14 0% | 100% | 147 6.1 | 1489 | 5.0 1% | 22%
HRT2 | 61 2.1 61.4 14 1% | 50% 147 38 |1489 | 42 1% | -10%
HCT 61 25 61.6 14 1% | 79% 148 7.7 1483 | 53 0% 45%
HRF 61 29 61.6 1.7 1% | 7T1% 147 3.2 | 1483 | 44 1% | -27%
HC3 61 2.7 61.1 1.5 0% 80% 147 66 | 1483 | 4.0 1% | 65%
HRT1 61 1.9 61.1 1.5 0% 27% 148 82 1483 | 79 0% 4%
HLF 61 1.7 61.4 1.2 1% | 42% 147 18 | 1483 | 14 1% | 29%
HCF 61 3.0 61.6 14 1% | 114% | 147 38 | 1476 | 29 0% 31%
F022 [ TCHCR B IR 0S AR 2 MEH A R
pn Freq. Resp. 1 Freq. Resp. 2
1 g Final FEA T #E (%) Final FEA X 5 5 E (%)
- Freg. (Hz) | Acc. (@) | Freq. (Hz) | Acc (@) | Freg (Hz) | Acc () | Freg (Hz) | Acc (g | Freg. (Hz) | Acc (g) | Freq. (Hz) | Acc. (@)
HL 61 2.7 61.1 1.8 0% 50% 148 6.5 1483 | 53 0% 23%
HC2 61 29 61.6 1.5 -1% 93% 148 9.6 1483 | 45 0% | 113%
HC1 61 341 60.8 14 0% | 121% | 148 9.0 1489 | 5.0 -1% | 80%
HRT2 | 61 2.6 61.4 1.4 -1% 86% 148 5.2 1489 | 4.2 1% | 24%
HCT 61 3.3 61.6 14 -1% | 136% | 148 94 |1483 | 53 0% | 77%
HRF 61 3.7 61.6 1.7 1% | 118% | 148 | 49 | 1483 | 44 0% 11%
HC3 61 4.2 61.1 1.5 0% | 180% | 148 6.8 1483 | 4.0 0% 70%
HRT1 61 33 61.1 1.5 0% | 120% | 148 94 1483 | 7.9 0% 19%
HLF 61 1.2 61.4 1.2 -1% 0% 147 14 1483 | 14 -1% 0%
HCF 61 3.7 61.6 14 -1% | 164% | 147 55 1476 | 29 0% 90%
% 23 B AT Al e R T R
= AR | RS | AR HE | #BAE | 2% o (mm)
FE SHELL Mixed 23,574 71,211 5
fo & SHELL Mixed 10,549 31,673 5
shrar e B 5145 | SHELL Mixed 4,601 14,051 5~10
o E R B SHELL Mixed 1,062 3,270 5
B R E SHELL Mixed 1,380 4,221 5
eE K SHELL Mixed 2,089 6,458 5
A Ll SHELL Mixed 251 843 5
L pE 71 SHELL Mixed 765 2,489 3~17
X iy 72 SHELL Mixed 829 2,675 3~17
LI L2 SHELL Mixed 227 769 5
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