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Natural frequency calculation and validation of fiber reinforced
composite thin plate under cantilever boundary
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Abstract: The natural frequencies of fiber reinforced composite thin plate (FRCP) under
cantilever boundary condition were calculated and verified based on the way of combination of
theory with experiment. Firstly, according to the structural features of FRCP, its theoretical
model was established by considering the influence of fiber orientation. Then, the modal shape
functions were expressed by orthogonal polynomial method and consequently natural frequencies
of FRCP were theoretically calculated by Ritz method. Finally, TC500 fiber/epoxy composite
thin plate was taken as a study object, and its frequency results were measured based on the es-
tablished natural characteristic experiment system of FRCP. It was found by comparison that
the natural frequencies calculated based on the orthogonal polynomial method had a good agree-
ment with the experimental results, and the relative errors were within the range of 2. 2% —

9.7%, thus the effectiveness of above method had been verified.
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Fig. 1 Theoretical model of FRCP

SRR 5525 il 2 6] S A7 R R A 5 &R TR I T A 7
Mo FNTHT HIML RS 2 fff 18 B, ARG /N e B8 A BEE
MiBHE NI TR

awo(fvyat)

u(x,yyz»t) - uo(x,y’t)* Z
dx

dwy (xyy,t)

U(l‘;y’z9t):7)0(x9y’t)_z 7
gy

w(xyyszat) = wyCay,y,t)
Q)
Hrp w0 w RN E — A w s v s w
RN T AL 5 ¢ ORI ]
R B8 VA HE I T, OE AR e, RBY R AR v,
VA8 0L B e = v, = v, =0 NS R RS 1Y 56
F MR — SRS AT LR IR

du _ duy 9 I”
g, = — =
’ dx Ix T ox
) J 92
ey:;—vz(?u)—z( s (2)
(y (y gy
_du dv_dw  du, Pw
o Ty T T 9y L ax “Faxay

Xt IE S A% ) S PR bR 3 Al D 1) 9 Lz
JI-BEAE R A

01 Qi Qi 0 €
o |= | Qu Qo 0 & (€))
012 0 0 Q66
Hrp
E, _ w
QH 1_V12V21’ ]) I_VIZUZI
E, E,
Q22_1_V212v21’ Qs = Gizs Vzlzvmfl
4)

4T YR 1] 5 R A AR B R x?ﬂaﬁﬁﬁ#ﬁ—i
Je Ay 0 W P g - R0 A A Al 2 X 5 45 2 AR
WRAERE AR AR 28R B R g - F“”'raé?ﬁ[ﬂ?

Oz » Ql 1 le Q] 6 x
{U,«/ Q: Qo Qze} 83,] (5)
Ouy Qs Qs Qs Yy

Horp

Qi = Quicos' 0, + 2(Qiz + 2Qss) sin’ Gecos® 6, +
Qo2 sin' 0,
Qi = (Qi + Qs — 4Qs)sin cos’ 0, +
Q2 (sin' 0, + cos' 0,)
Q= Qusin' 0, + 2(Qu + 2Qu) sin® O,cos” 0, +
Qu: cos' 6,
Qs = (Q — Q2 — 2Q) sin bcos” 6, +
(Qis — Qo + 2Qu4) sin’ O,cos O,
Qs = (Q — Qs — 2Qss) sin’® Bicos 0, +
(Qiz — Qo + 2Qss) sin Oycos’ O,
Qs = (Qu + Q2 —2Q, — 2Qi)sin” Oycos 0, +
Qs (sin' 0, 4 cos' 0,) (6)
K e RARE AWM £ 2.0, RRE £ JEMR
LT Y 1) 5 AR AL bR &R o Bl I AA.
AR 2 it A 20 9 2l e AN Nz AR g AT L3 =X
(DA (8) FIR

L Al5]

h/2
U= %JAJ (o6, + 0,6, 4 6,,7.,)dAdz

—h/2

Ek:

9_7)2
dt

dw)?
+[3t] ]dAdz

(7

(8)
X o Ry AR L A R A I B R EERE E AS
WA R AR (D, AR AR (2) L F ARG
TR B AR 20 (7 F LA A X (8) 1T L A4 5]
AR w, Fom 195 5 AR 1Y 20 e A AE fig

1 h/2 , (92 'UU()]Z azm 2
N
k 2Ja h/ZP]:z {axat T dydt +

[a;‘b] }dAdz )
dt

(10)

1.2 Ritz 3ERkfE

FH T A BT 925 A1 M 15 30 2 M 1 RS A A AR AR
SCHR ] Ritz . AR Ritz 3. PR B ] DL 32
AN A NN v

M N
- 22Cnum(S)Pn(n)sin(wt) (11)

m=1 n=1



557 1 A

2k B I S AT M R A WA A AR B R 1757

Hrp e, 2 ESEG P, (OM P, (& 2k 4G w
S [ I 4358, M, N Ol i Ritz 2580800 TR
FEAR S 2 % 2 AR 2 1 KRR
AT IE AL FOR 3R AR — R A 19 1E A8 2 WX
P(8® = 48, Pi(p =y
P,(0) = ({— B P, (D
P.(0) = ({— BO P (O — CP, (O
=t E>2 (12)
Hrp B, A C o RER B H R IB X051

[ weo tp o

Bk - 1
LW(@ [P (D J2dt

"1
J(W( O Pt (O PuL (Ot
Clz - )

J;W(C) [P (p]rde
= &7 (13)
Horr W BA R, 38 H I WD =1. 1 y(& F1
x(n)m{m,@lﬁz B ANER:ESUE S LRI PN
PREL, HLEAT R e
(O =0 -9 Kp=17nd—7"
E= z/a, n= /b (14)
1 AR 3056 T Y S B il B A BT DA
p=2.r=0,¢=0,s=0. B ADIAZFEA X
(O FRAEFEA X ) H L, BB HFE S o &
718 (14 107 75 R R B0 Al 3% 1k 2L 4 N AR BB R Y RS I8 4
& sin(wt) =1, 3188 AN 40 & cos(wt) =1, 7]

PIAS 2 B KW AR BE U Rl KBl RE Er YRkl
Y NI b
2) Al Lt L
N N2
JPHEER S
M N
(XX PP, ) Jaadz (15)
n=1 n=1
mxil. 12 M N &P, 2
v o ZJAjfh,Z |:QM [Z::l :1( da P”J +
M N dZPm M N dZPn
20| 2 X e TR | 2 2 e [+
(A &P, < dP, dP,
19| 2 X e R [ D
(SN o PP (SN dP, | dP,

SR e BR AL L RO U FIE AC

L= E™—U™ an
SRSk 2T 24 6 58 S 5 W A0 T A R A ) R

JESR AR LA e/ MELBI BT AT 152 S8 B T X

dL
(’] CTILH

:O’ mzlsZy'"va 71:1’27'"’N

(18)
B ADRA TR A8 L 7T LU
B F ) FFAE AR 7] &
(K— o' M)q=0 (19)
Horp KFI M 53591 o 45 7 22 48 0 6 Bk W 2 4 [
Xof R 0T o R R R I 8 = ciiscio s ]
UEHS KA M 5T R ITA R S8 o
1) 2 A RIE (1) A i 75 2 REERE 1751
K0, R
det(K— o' M) = 0 (20)
AL AT LLSK 5 5 A& [ 45525 1Y 81 A5 490 % .
TE (T D H, M, N R BRCR , D) [ A 43 3 3 53 2%

SRR B A M= N=8 BT 3K 512 65 Y
Wil
2 HEERESHEWREFHRZRITE

ik

ATCH 1T WIEG T T IR 2 AR SRR
14 % 78 bR 5, O o Ritz 155K i £ 2 4% 98 52 5 1
1A 333 4 B 422 T SR AT Matlab BT 2
5RO R TR L R R A
Ve [ A AR I AR L T A3 S A N LA P R

1) Hii A 21 2 38 5 52 5 W AR 10 L AT 2 50OR 4
B2

TG T B T N 5 S A A R L5
JEE DR R R R A U A AR LA S8 AR L A
SRR NORIEAR S NP e o8 NI U R A
LU 52 S 4 ORE S 0, O i 5 Bl e RN A2 fE 19 T
RS RIE N

2) FFIERL 2Tk TR RS R RS fE

BB A D ACA B RE 2~ 20 (7)), 15 21
RIS w, Fon B BE MY — B Rk X, AR %
TIERR 2 T30k Fm Ik B ek K, OF B4 Rk
TSI i cos(wr) =1, BT 45 3 fz K3 fE Y &
LJC B

3) FETIERZ Z Ik TR ARG R RN AL fiE

TE% JELT HE DN 1) 5 B AR A AR &R o Bl T 1] e
A0 B LR - AR - B A e il 2 23R AR A

Bl J= B Ty IR S PR R Sy L R AR



1758 fit =

531 %

Feik AR A (8) v BV AT 35 45 A — 2 X6 g FH o i
P wy FRMINAERELE . RIG F B — 2
AR REIEAT Z o, B AT A5 20 80 AR R ) k. R
BT IEAC 200X ik R 4k B pR A, IF 1A Rk
I I i sinCwr) = 1, 58 i A RN 728 fig ik
2 U™ R L.

4) SR Ritz 125K fif 845 5%

W Bk D B b B AR Y B K g Ev M
BRRMAEfE U R A (17) 1] DL 3R 15 fiE
AR L RIA R RAE Ritz %K BERE R L
X A R 5 S 80K A 1T LLAS B & A AR R 2
(R AIE 7 R (19) o SR MR I R A ] 750 R 45 39 £ 4
W 5 A WA Y [ A R, BRI AR 4R R
A AR AR R R 2 TR,

| AZYa b b OEE, G, |
[

l l

| mEARTA
WBANDAS | gy e am
BRSO, WA || ek et 4 —
T Fw, Fr i shii R R R
R 5

LTI ZE 2w Aot
T raEL, S ek byt
T Aritcos(on=1, BR8] || 4rhsin(on=1, f5 8]k
IR shign ke [T ES L WA
[ ]
'

HGE, UL A7), 145
fET pR LY iR, FRE LT
B AT 1 250k S, B3 4
bR B I SR AE 77 e

l

SRR (AT, 73]
CTARIARAL A T
AT

T IEAE B ILAGA R R IR
TE R BL, F T il

2 1 5 52 5 W AR [ A 0 B R
Fig. 2 Calculation procedure of natural frequency

of FRCP

3 SCIGIOIE

ASCLL TC500 filk £F 4 / W% Jig 3k 52 & Al F
FEXT G, X FL R AT MR AT T R AR 9
JE 4351 130 mm X 95 mm X 1. 64 mm , £F 4k 9\ 7]
MR E, =119 GPa, £F 4 [0 # B8 E, =
8~7GP€1»@]/}51ﬁ§ G, :4GP8$?EHVA\ 5@ Viz —
0.32,JFH N 3g. ¥ p=1618kg/m’. LA ML

A VAR R X BR IE 3S A, BI[(90°/0°),90°/0°/90°
(0°/90%, 1,364 11 2. & A4l )2 B A A [\ 7Y J52
JE AT AR 3 4L

ST B UE AR SCT 4 R T BT AT S v
02 G AR T A A R B VA B IE R L B R 3
JIT 7% ) S 6 2R 40 A T 3 G 1 5 40 R

wes o | gomak
e
LMS#fE R 4E

Wi 2 B LAY
s LNt

RIS
M E I
il &

JopErE

S R

SIS e

Rah s WOt 5

IR

3 £ 2 i A A A A AR i R 4

Fig. 3 Natural frequency experiment system of FRCP

EERE IR LR 2 3o RPN SR
BHEAT Al 8 T AR € fioh P50 22 38 38 I ik A5k
PRHAIR Bl B - 308 o SR 4R 45 1 4% X O 45 5 A
Wy W7 A AT S5 I R 4R L 3l i 45100 0 4K 0y 3k T R
FHET 5 BB SRS kK 1 R, AR5 e b
A A AR Ak ) FL T A 3 £ 380k 38 B 3R R
WA IF A 3h HOL A T7 O R A — B
SR RAVEE R — I AR 1 . [ mE, Sy T
T B Kl it Matlab B2 3R A5 B £ 4 9m 2 5
W A AR A R SR B R B AR 1
O R R 22 EAT TR AR 2 A

T 3 5 S 56 4 R AT N LE B IR T R R T R
52 22 T A0k ) 21 4 39 5 5 5 AR I A R R4
R RMWIRELE 2. 2% ~9. 70 Z A, &b T
DR ZE S VR [ A, 1 T 960 T BRI T T Ik 0
TEAA M F AR SCRT 4 3 F 58 07 1 AT AR Gl 52
BLEE T ISR S A AR [ A R S A
T ARATS A b R B3R R 22 SR HE AT 3 A T
AESK B T HIE AR A S 50 I P A O L e B
T TR 28 4 T AL i A v A B R 1 DT
2T 2 A5 A RN SR TR R B 5 A N T L R A A A
FES B T S 5 T 52 56 1R 22 0 % WA AE L 49
Un s i B A F e B B B AN AR R UK
PR S T VA A 3 Y R



55734 B RGBT S LT T A R A W T A A T B % S8R 1759
F1 HEANKRSHAEEESSHERN S MEFMEMESRE
Table 1 The first 5 natural frequencies and modal shapes of FRCP obtained by calculation and experiment
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