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Verification of a Computer Program for Vibration

Analysis of Composite Wing Cores

Jiro NAKAMICHI,
Yoshio NOGUCHI and Takashi ISHIKAWA

ABSTRACT

A finite element program developed for vibration analysis of composite wing
cores is examined here. Such cores are used in a research project on aeroelastic tailoring
which is being conducted by the 1st Airframe Division. Formulation of the finite element
analysis is presented first. The Hsieh-Clough-Tocher compatible triangular element
is adopted in the analysis where the degree of freedom is 12. Based on the principle
of minimum potential energy, a functional is made stationary by following the com-
mon procedure of the finite element method. Basic elastic moduli of composites are
discussed in detail in order to confirm their reliability as input data for the present
verification.

All moduli are determined by experimental procedures and theoretical bases
of such experimentation are also given in this report. Composite wing cores are con-
solidated with unidirectional tapes into pure unidirectional plates of different fiber
directions and multi-directional laminates. A flutter model is idealized as a composite
plate with added lumped masses. Experimental results of vibration of the flutter
model compare favorably with numerical predictions. The present finite element pro-
gram, therefore, can be regarded as an effective tool for research projects on aeroelastic

tailoring.
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w
71.6 Hz
- 1.0
0
(i) FirstBending Mode of Model M8
— 1.0
|
]
1
i
)
- 1
\
I
|
]
)
1
1 4
0

(i) First Bending Mode of Model M2

B7 A=15°0F 1 KEHT— FOHK

(i) 77 v RBRMORPGABRER L OUK
i) TCARVULhICEBRRICRBILREND &
INANVHBORBYMEEE L7 7 v 4 BEIHOV
TR Lo, ¥%E L ®ENZ, NACAG4A010 TH
D OBBMAEESTAZIEICIY, - FRIF, &2
S —BICBRBINC20%EEINE, CONVY
D&M OE &I, ABEE 4mm, 2. Tmm
BLU24mm O B LTEhENRK 14g, 20
gL 2agtist, BRRAHIEH BROER
IFnZThi21g, 9%g, BLU9gTH3B,
HETE, "V OAMEREROICRT L DKL
BIETHASLURBBOBY S EBEICEPELL, KX
T ORBEE (4-2) RiLEThEhoERE e OEY
DEE(2-1)REMAACHETHE L1, X,

NN ORI =T WER AT m, R v b
AT B LICEY, BIMCBELTE, NV DR
B, mELRIEREL,

AESNhIEENG, 2hZhML, M2, M5 &
UMBZH &32bDT (i) TERBSNIFHROD
FICWEAMIT TSR &1L 5, (£3)

FA4, ThZThoKERCH LTHEI N IRE

%®3 77 v 4BBOER

h A¥RE
Vs h 3mm 4 mm 27mm | 24mm
f=+5° WM1 WM2
A= 0
p=-5° WM38 WM5
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7 mm

X8 &RV 5 4 EROKELTE

HEBE LI, 30— FECRBRRELEBL
2o K I104CWMI, WM2 [® 11 ICWMS, WM5 DR 8
E-FD/ =N TAVERBBMAER LI, %&4
CEBRFAETE NI/ — 44 vV AERT, E
BTHONIZNOAHMBTRL, RB¥IHLT
BC)RCERBENIREINT NS, 4 Kb, #8iC
MORBRIT, BBRAINMD20% 2 — FE2RTHOT

Y, 77y 4B T, BELOBH IR
Mg Lay, flzid, N6 oM2, 10 DWM2
SICBBTACEILY, RER) —T0EECL
HIEBE- FBLTRBEOZ(L, 5102, FHE
s EREO—BOBEAELWAIEMNTEE, 4
RO EBMONLVY O MEBOEEBTWM2E
M2OB AL RBBIZT~NTETT 2, HEME
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&4 ERPE-E (b)

MODEL Mode 1 Mode 2 Mode 3 Mode 4 | Mode 5
WML (gé g) ~10.3 (gggf g) —2.54 (ggi g) o852 (85--630) .(1393.0)
WM2 é?j ?) 3.86 (g}zgig) 12.4 (gééﬁg) 830 (55354) (84-?55)
WM5 (e hyZLT3 | (arly 000 | (35 15| (0T 8
was | gepy s |l mas | i) zase | 00 | R

() Experiments, — = (1 -XE{E/5THE) X100.0

@ Lumped Mass

Mo BRI 2BAOET L
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334.5 Hz
(326.0 Hz)

4776 Hz
(436.9 Hz)

856.0 Hz

1302.0 H:z

(i) Model WM1

218.5Hz
(245.5 Hz)

311.8 Hz
(338.3Hz)

5514 Hz

(i) Model WM2

K10 BH7 75 2@HOKRHE— F (2)
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360.4 Hz
(344.8 Hz)

235.0Hz
(235.2Hz)

428.8 Hz
(417.7 Hz)

282.0 Hz
(322.9Hz)

933.5H:z

600.1 Hz

1148.0 Hz

(i) Model WM5 (ii) Model WMS8

K11 HE7 7 2EROKREE— F(b)
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LERE O -KOEBICHLTIE, M2ZOBA D
DWM2IZH~NEFAICBNTED, XWMIOEBS
HWM2IZ L ~N@ENR T3, THUE, M2i3fHmE
B0, WML (3WM2ILHE~NBLEKDBEBICXT S
AMEBOEEIWNS VWABELEEZONS, CDI L
oS, ERNEBEINMEEOEE, T VL, H5
W, ELTAMNBFICH BV ELEINE I EN
FRan %,

b Hh—RKRry /THRF*F VEEHOMY
HEE

6.1 EMLIAFEHZE

h—FK /T RFVEEHITE, h— K B
L FRFVREIBOESRICLEA-FET) Ty
(bLrAP305, WL ) AFERL, h—FK B
DFEBEBHLITTY v IrotkAER S ICRT,
BEERE, 7Y 77 OEEH0.25mm MM
mMESIRM A TI2EREBL-—FRAMKE, 7)) 7L
S OBREXH0.25mm, 0.17mmBLTF0.15mm DL
NZNEERLT, RESPTEICH LTHHRE LD
(03 (£45°),)5 016 B B B #1453 T 55,

BRI, 7Y T EEERBR, ty b LR
LD XROFHTIT -2, £9, 1.18KPa THHE
LT, 1200 C 1 RO mBELLE IE 1, £ D&,
130C T 2R [ D®REE(L 21T - 1o, BUER Ot E A8
DFkis, RE700mm (HEKED 0° 51 ) X8 500
mm T35, AFREEF, —H A3 0mm, (0%

) BERERTRORFORTIRBEYEDLL TS,
FIPEFO s IIRESES LTI HRERTH

£5 FMomHidr
h—FHd#E  T300
FlEROBHIE 230 GPa
FlER DB 3430 MPa
{HE 1.3%
EE 1. 74g/cm®
A Va4
L T+ R # 2500
B{LRE 120 ~ 130°C
B & 0.25mm 0.17mm 0. 15mm
HE 390 g¢/m®* 273 g/m? 250 g/m’
geamx 64W; %  64W %  60W %%
(H40sfE)

(£45°), s B3, TV PV IE X ICE D ENT N
4.0mm, 227TmmB LU 2.4mm TH 3, i, B
KEASEE(V) L, 59~62%1Chd, 121201,
(05, (£45°), ) M THRE2.4mm D b DL Vs H3 56
~57T% TH5,

ABHOBRBBRBL U NS MO RBRAZYD
e E#AMICLY, R1LICRTEBRRFOBUES
LT TRV 5,

6.2 BURBOMTE

U2 O—F kt & M6, M4, M7 D (05 (£45°), )
MiZ20T, BIRORBRE T, ZRNOBE FEE
AR5,

RET, BE23~ 25T, HHEREG64~66% D
HEREATT -, ABAERIE, R12(577 &

Lo rhEbT, 2 78 & & H5200mm THEHS 15mm OBMFE TH 5,
Dthyr—o
l/ m;
, 45 __ . Lh_ii__u
-t ——] 200%
-l ———————
e — — =
w 2 7

%) U200 45° @i ovTit
EX% 230mm & Lz,

12 ABAFR
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FHEICIE, T L8808 THEAZTL,
BlEEO AomHBDRY) v P EDRRERE LI
WEOIC Lk, KRBATRBOMEICIT, ¥— YK
5SmmOEXRZEHBE O TAHY - DEUMMLTOT S
JEAT ~1co BRUOTAHENOOBKEBITO
BIRHMEL FEERBBICLOMA, BRAE VT H
OEGEERD I, TOEBTS AT, 5K
$ 2HUKAERRICIOEH L,

E,= 4o, /de, (6-1)
JCT, EIEHE do 3ERLO2AMHOR
HOE, Lo, (3R L2 AMORAMOTHDETH
%,

FT7VrHid, BEXT2MEHMOD T ABEEHIC
L BAXRATELB L,

ve= ley /6l (6-2)
IT, v 3RT Y VR, 3EARMOTS, &
IMAHMVTHTDH S,

U2 OF AN M (3, MK 45° /1 T oMY
RERT YV VHICLBRATHELE L1,

Gor=Eis/(2(1+vy;5)} (6-3)
CIT, Gl BABBHE E, (345°HEMOR
HE v, 345 HmMOET VY HTH 5B,

EAMRU2IE, BEHD, BECEREAB L
R HEICAS  HRIC DO T OB RE RT V VY A,
EHI(6-3)RICL A AN BUROENZKS
AORBHICHOWTIT>1, 372, M6 MAK L U
M7 3, B#D O HEICHOVOTHBERERT Y V]
DHEAE3XDOEBHICOVTIT-» 1 THHOD
RBERBELTIHEXBICEHERC.V. )2 %6,
x®TIWRY,

7] REUBVOHRUBUAUTE
CEBRTDIEBER

h—Rr/2EFVBEEAMICRRINZERIHE
AME D, L bBOROMNRRICE, BE0%
FUME SR - L BEALRODEET 5, KD
T, Zh5IPVTHESEREEZ 2, MO
FERICIZ, TOLHIUBHEMNBERIN TS,

#6 —HMORBRFHME (V=59 ~61%)
U2-0 U2-90 U2-145
No. | E,(GP,) v, E; (GP,) vr E,, (GP;) Vs G, (GP,)
1| 114 0.342 | 8.63 0.0236 | 11.4 0.308 4.37
2 | 117 0.338 | 8.82 0.0257 | 11.5 0.327 4.33
3 | 114 0.361 | 8.56 0.0237 | 11.6 0.328 4.36
4 | 112 0.333 | 8.78 0.0272 | 11.9 0.325 4.48
5 | 110 0.355 | 8.66 0.0203 | 11.5 0.329 4.34
X | 114 0.346 | 8.69 0.0241 | 11.6 0.323 4.38
C.V. (% 2.3 3.4 1.2 11 1.7 2.7 1.4
£71  (07,(45%), ) s M OH M E
M6 (V,=59~60%) | M4 (V;=60~62%) | M7(V,=56~57%)
No. | E, (GR,) Vy E, (GF,) Y £, (GF,) Vx
1 | 61.9 0.695 | 65.1 0.698 | 59.3 0. 667
2 | 66.2 0.680 | 65.9 0.689 | 59.8 0. 666
3 | 65.1 0.689 | 62.0 0.720 | 59.9 0.675
X | 64.4 0.688 | 64.3 0.702 | 59.7 0. 669
C.V. (%) 3.5 1.1 3.2 2.3 | 0.54 0.74
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FTBE—ICHEIT G, ABRFCEON 2
MA-TNAEI EMBL, FIRICE - T, BiT %4
U, EY VLD ESINIHHEFEIIKS(E
842, ChEBBRHIC, %7, FBRFDOE X
FHEOEREEmICONVTEBOMNBICS L L K
ROBRICTr — 2B id a6,

F2l3, F—VThBRILLAHBDRTH S,
COFHEIT, XEISICL-TERCBOLMNTHY,
KB, 7 U ZhBEOM U HY & EHE OR &,
ABRFORUGHLEEEORLEOLICL >~ THE
FREMPEEEIN D, L L, RESFBEOLYD, £
D, EEBMICER SN THBOONERTHS, ¥
EOADN—K /T RE L WAMICHT 5 ER
T, B125mmORAEHR T, WEHMO. SmmET
T3, T—4232{EATxLVN, L.5mmE &
HET— v OT -2 BEEUENEEE LB
MR EN TS, bbAA, CORFIIEEME
BEEY AT LEBOTTN 126D TH3, X
FICNTE, RBBONHBDT A=26mmTHY,
BtEYGEHOEBOUZ-90TiEA=31mm &%
STWVWADT, TOMRIEF, BT Enbns®E
ZAHoN 5,

B3, - UHACEL, TOHAMNANER
&Y, BEARINSRETS CEOEEND 5,
IAE, B2, O°HR OBUEE 2HIET 518
B, ORIEBRENDD, ThERlELILbDET S
LB RRATHE ) &h B,

1 0 in'd 1 2y

G Ryl Gyl
(7-1)
BEREMNICNLE, A—F/zH+ o—KA
MOBITIE, X6ORREREXBT0.5%DE, DK
Tt d 2, KEBRTEI, B EEIEERBETYL
bhTkh, COBEBLUEOBMERXEIN, O
EEIRHONIM T,
tRITORELILZEG, BEAHOF#HA RO
W BRKE, Er, vy v (1212 LS DA B—D3
B) IBERCHETE 2, LhL, _KRTEXRE
HFUHHOB>c—D> O 5B @8 G 13Kk 15k
HHNIEL, Thid, BEMICIIXEKIT OL 21
REUDRBETONETHEH, BRTINETD

cas?l sin®

&, St.Venant DRLH DRENS DERMEL
BY EEZEZIC, £2T, HROB AL, 45°
FHEOBIRARE TS » T, UTICRIRHD HHE
TG 8L TH5DMBERTH 5,
ZOBRYOKEEF, £T VY HO off - axis ¥
ik bIRR,

1 11 2
v(0) = [+ {= - (54 0+ 22)}
EL GL EL ET EL

cos?0sin0 ) E(6) (7-2)
(ZCTEB) 3 (7T-1)RA»6RHENSB)
ICO0=45"2RALTEFOERETNL-TEOA
AR (FiRO6—3R&ER—)

_ Eys
G”“2(1+u“)
ZRRATAHETH S, &IHH, BHUEEBEFOD
BRI HBE, FlAUI L3, 18 3 I DA
BERLTRE, fDOIC, 230 (7-1)R»H6

Bohadmik

(7-3)

2y, — 1 1
E Er
oG 2 RKDBHEMBRNLN TS, L L,
A& ORED, —DORBR S8 H5N S Es, Vs
DEB @, S G ZHETE30ICHL, BHEOH
HEA DRI BHEOEBRINGEON 5 B, By,
v, Er OEHE OEEE LEETEOT, vy HE
WWELC S BERCHBEINERY I, FiEEFA
INETHB, F, KFlOH—-F/2 8+ 20—
FHEHM TV 13 0.3 BETHD, CO®ICENS
BEBRICERI NI, (7-3)RE2RP1UHEL
PIT, G OFFEICHWAI ENTEE, £ AT,
(7-3) KEPEAMNICIE I OBBGER LT3
Py, A5°H MDA O N O>BHLEFRATHS T
ERNERTALEND S,

koL dic, #E FaHmUAORKR (off -
axis REEEHH) TR OB EICERT NS AN
WO HBEDT, JiLFhaEBR~<3, 9, C
DD off —axis RET OBRHFEREZ I VT 7
ATVZAETEL &,

& S\ Sz Sie 0,

&= |Siz Sz2 Sz 9,

14 ! ! ! !
€ Si6 S26 Ses Og

4
qul/(5;4— (7-4)

(7-5)
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(CTEHPIIFNESEZRNTNE ) 185,
I CTHEEYT L, on-axis TIIBTH -1,
16,26 DIERFOM OVICEBEBDO ETHAE, &
hxB&miciddd 3 &,

sin8

20
cos
S{.= - - sin28
s (EL ET)
1 1 2y,
- (— - — 20 sin20
+ 2 \e, E, ) coS sin
(7-6)
in?0  cos?®0
sl = — (22 sin20
§ B, )
1 1 2y
_—— = - — 26 sin20
2 GLT EL COS sin
(7-7)

LB, ELXETHA05 0=0,90°L403C
MBI IBNWEIIBPATHE, DL HINEBHR
IR EBR Tol 0oHxELEEEE, (7T-5)K
"o
& = Sig 0y (7-8)

PP OFAMUTAENE TS, CNEBERXMRL
P onRI3THa, BI13 ()2, REHKHEE
KEROBAER, dRETI DL IN—BEANES
RENSERINBZI EERLTVE, L, EB
i3, RBAIARETHY, KXORKIZEHRTIZ
T, CORE, BRLTETEIRIZ (b) DL D
BEFSETE, SO, RBRPREOESLY —
IDPOHIEINIHYFHEN(0) », EDOMU FHK
E'0) t R~ B, COVEMNES, BEML
BAZHTROIIEY, XBIVICRINhTED,
kg, EN(0) £ E'(0) OBFIIKRATEZ
H5h b,

E(9)
E+(ﬁ):1_7} NS N
- 6S,¢ 5
Sy {Gsés + Sl'l (_b_)z}

(7-9)
tiET, SH(=1/E0)) 3 (7-1)RK, S
(7-6)RXTHEZON, T TREITRELL,
XE13, 18F %2 BREN1:\ /b 3EBA O
REYQDR¥E)TH2, (& LTEEITHEBL

an

. &
r—'-"'—"::}'ix'i 1 '
1
| |
i |
| |
i -
| ]
| |
: :
1_7_,' |

Pl * __,J

F

(a) —HIEHkAE (b) KB HH
( WBREHR) DB

BEXEFY RO of{q—) axis AR E& 1
RUIBEFOBEAR

X 13

IEBREXA2EB, =R/ R F v— K@M
OMURLEICHET SE, 0=45°TI I DELE
Gl RAOEOEE L3,
7=0.00124 at /b= 40
7= 0.00552 at J/b= 20}
DFY, /=207, BREHEOBELV05%, »
DI OHEMKE BT & psbinr b, 86 0 OR
124k, SS°HEmABRKFICOWTIE, /b
SI0LEHEINENLS, W06X DELILD, &
NIIMOERBECRBNL2b0LE WF IS, Lt
D& D1 EEEI > T off —axis DBIRABR LTS
ZE, ChiCE TR EEDLL G 2kvpb T &
MT&E 5,
Choh, 6HOEROERBIE LTibhick
BEHS, TOERRMBHATS 3,

(7-10)
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8. WHRHOATHREOK - Bk

Fomicbans, EREFUHMLLTON-
Fy/zf+v—HmH OMYERIE, KRB
dNAEENEAFEEL, CNOORIOER LR
BB EIckY, EBMBELITEbOhIChENE
WAHNHET A EMTEE, 312, —HEAMHD
HEE, BEBUOMICEO I >N&BReF v 7
T2ELE-T, B2HTRNONILHBROEE
NEBREO—SOTHIBBERERE, DL b5
EMRRBRICERTAC LDUEB/ERLONS, &
DHICEZ L, RBRABTELTL2EBRICE
JREL - BHO=ZRT s, RBR OFERHE A
HicRiZTEHEBOREMNHEHT S,

39, —HRH OB HEKTHILT ~SBFRORE
—i3, ZRACTTHRER TH S, TNERM LI
Yr,

v /E = vr/Ey (8-1)
OFEMEIT vy = 00264, ERMEDFIF(30.0241 T
HO, NEERT YV HOBEBICEBRENSADP
T E(EEMOLCV. = 11%)%5EZLRE, &
NEBRSICHEBTNEIHRLEILONS, D—
OERE LT, (7-1), (7-2),(7-4) X%
RN T Eys, Vys ICOWTHKREET A EMTE S, C
NICENIT, Egs, vus OEtEBEIIL, T TN 11.6
GP,, 0.319 T, ThThOEE(E, 11.6GP, 0.323
ELO—BARLTWE, bbAA, T ORIRSEHE
LT, (1T-3)REHAVTG A2HEL, Th%i
HEBEELTVWARIEILGERTRETHS,

F20F v 8R4V, L BEME—HR
oM FEOBA LT, UToL 2D
®oH, 29, —HEMO 0 HBEO Q) (Reduced
Modulus 18)) 1% 6 DEEABROTLUTOL D ICKSD
SN b, ik (8-2)RMNH(8-5) XNFTHAR
GP, L§ 5,

115.05 3.06 0

@y = 877 0

sym.
4.38
IambS Q; O HBR (XE 13, 18) AT, 45°
HEDQ MLUTFOLIIIKRDONS

(8-2)

36.87 2811 -26.57

Q) = 36.87 —26.57
sym.

29.43

-45° K M D Qf;j* 13, (8-3)KD16, 26 DRF
OREOHELXEZI1.bDTH b, CHOLDOHMHEEK
REAOT, (07,(1£45°),); OREKROBEHN D
Aii/h%E RSB,

A,‘j//z:%g: Qi;(2)dz (8-4)
Z DR IIRATEZBN 3,
75.96 15.58 0
A/h=|15.58 2282 0
0 0 16.91
(8-5)

D GE By L IBRELIEET L, E,=653
GP,, v,=0.683 E,= 19.6GP, L7115, ThH®D
BRlEs FTOXRBRELHE~Z2LE, M6EMA D
Ep, v i WTRMED L —B LTS T ENE
HoNd (E,OERMEIZILL ), —HOBEDERE(
ISWOMT ORBRICHOVTEET L L, VehiMS6,
M4 L H~NEBETFTLTVEOMZOEREEEZION
b, #IT, Vy=5%.5%ELT, B TERLL
FHE, ZICHEINCHBET N BROME R
EmbtBEahic— A ORYERE = 107.3
GP,, Er= 8.33GP,, v,= 0.330, G,y = 4.05GP, & 13
WT, DL DA /AERD B, R,

70.38  14.63 0
Aij/b=|14.63 20.48 0
0 0 15. 91

(8-6)
FROLIICIEE, CNDSEFILBETHL,
Ey= 59.9GP,, E,= 17. 4GP, v, = 0.714 & 12 %,
CNERTOERBRMBE A LS L, v il20TE
EBME L ThEINES, E,020TIE, <K&
S>TWE I EMBHOSNS,

HUED L DRI OKR, HBRRAKBROLENI
&, Dl bARRRICK 2BBRERER
ORYUHFBRTFIh-dDOEELZONE, KHED
BEAOBMTHIREBBIT 0 7 L ORIEDIZD
b, MERBREBETO, COLOBERIEHDT
HhH, 15k, COLINKRINSE SN BRI
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