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New specimen design for forming limit test of fibre metal laminates

HE Dan, TAO Yangyang, TAO Jie

(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract; In the process of deep drawing, the common failure modes of fibre metal laminates are wrinkling, fibre
tensile fracture, and interface delamination. Inspired by the deep drawing test of metal, fibre strain can be
introduced into the forming limit diagram when fibre tensile fracture and interface delamination failure are the main
failure modes of fibre metal laminates. However, since the shape of the traditional metal strip specimen used for
deep drawing test is an obstacle for the calculation of fibre strain in fibre metal laminates, a new notched specimen
was designed in this study. The formability of glass fibre/polyamide resin ( Gf/PA) composite-aluminum alloy
laminate was investigated by comparing the forming tests of traditional strip specimens and the proposed notched
specimens. Results show that the proposed notched specimen could ensure the calculated fibre strain level within
6% . Through the classification of different fibre strain intervals, it could be clearly divided that the failure form of
deep drawing of laminates was fibre tensile fracture or interface delamination. It was found that the forming limit
diagram of the notched specimen consisted of three regions: forming safety zone, fibre tensile fracture zone, and
interface delamination zone. In addition, the forming limit curves obtained from the notched specimens could
combine the deformation evolution with the failure mechanism, and more effectively characterize the deep drawing
formability of fibre metal laminates.

Keywords: glass fibre reinforced aluminium alloy laminate; fibre tensile fracture; interface delamination; fibre

strain; notched specimen
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Fig. 1  Laminated structure of Gf/PA prepreg-aluminum alloy
laminate
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Fig.2 Shape of specimens
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Fig.3 Shape and dimension of drawing die( mm)
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Fig.4 Optical strain measuring device
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Fig.5 Schematic diagram of fibre strain calculation
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Fig.6  Flow chart of fibre strain calculation

HERE(2) T X7 1A R R R

B X RN Y Jy W ) o aE
. d ) d
dp=——,d,=— (2)
cos @ sin 0

X 0 WEEFEFAE s, d,, dy A3 IR R TUE X, Y A
X7 I i R

T X7 ) ) fe 2 A 3 2 X O ) B BB
AR, Y Ty Ia] i T R AR DL R 5 8 AR v i A 43 Y
ST WE(3) ~(6) .

8., =Ae'd, cos 0 + Ag;d},sin 6 +

1 i NV | : ;
?Ayx),dx sin 0" + ?Ay,@,d}.cos 0 (3)

Agl = % =Agicos’ 0 + Aa;“j.sin2 0 +
(4)
Horb &, 200 X710 45 UG A% Asl 21 X
7 1) B AR

i = A EAFE (S, AT RO (4) iy

Ayi),sin 6'cos '

XTI R LR (6)
cos? 0;:1 + cos 26 sin’ 0;:1 —cos 20 (5)
2 2
AL+ A Ag - AS .
Ael = 8’2 83+ 812 8)005 260" +

1 i i
?A’yn sin 20 (6)

AT o Ly, @ (90° +6°) AR (3)
2(6) iy 0, AT LAARAFUT V' I 1] 1 1 a5 iR SR A
R A, ILA(T) ~(9) 6



55

i, 45 27 4 R 2 BRSO AR BRI A B R B - 97

5i = —Ag'd sin 6 + Agi.d),cos 0 +

%A'yi) d,cos 0 - %A'yiydy sin g (7)

d . d
d=—di = (8)
° sinf  ~  cosf
- Agl +As! Asl - Asl .
Ag, = = 5 B _2F > £ cos 26" —
LA " sin 26' 9
2 ‘nySIH 6 ( )

Hobr s, 0 Aey, 200 AU Y7 ] (4 B B B R
AT Y7 ] 68 B O 2

IRJE AR (10) A 1 i A A
:ZZ+Z= (Ae, - Ag,)sin 26" +

'yi),cos 26'

2 Ay, W e G A

T PIANTT (1) R £F G- S 0] LRSS ] 25
AT N (1) B R A e R
JE ARSI A IR 28 i, 550 4 107 4% 1) e R B 3%
ARG YR AERS o 3 A FERROHG F 45 RN, e
FARLNIZ R . I

. - ,
ey =&y +Agy

A’Yﬁc'y'

(10)

gy =gy +Ag),
! -1 1 (11)
0 =0 +Ay,,
Egpye = Max | 85( ,Eiy}
Herr & il ey JUEF 405 1) (R AE , £, T £ 442
JFE 2 WS AW IR £ o (8 P ) 21 448 7 28
R ET 2 077 A, WA L 2 21 4 453 i J2 R T i
FR itk Y 55— S8, ol DUR R (12) 847
P

(12)

14
12 F R=-025 W75 mm

AN 1 : 1 K
NS | 53
10 '\ e \ - g !

F RN/ %

RS =)

R /%
(a) 1G5 R TR PR ih 2%

e R, A 725 He strain ratio, SR) |, 8, AR 2E,
P CE ok

2 HBREHH

2.1 BEREBEST

PRARMANE SR8 25 MR B PR 32 0 78 2557 L
I3 52 0 72 B AR S D, > K A 9 1 BT A R it 4
M TSR )2 AT, X m g & Bk, Hh
TSR 2 4 A 2 MR ) B A R AR, ) o fif
AT W75mm (W 45 98 58 ) i5lAE th BRI T A 5
IEHES T BT R AR A, e R A A
SN TWIZLLE I T W75mm b RE G IR S 7 Ty
BRI DX, PRI A o5 1 S DR 2 - AR AR T 3 7R
T B AR AR TR B2 ) T 58 AN R
3 B BEAR | 3K E 25 5% S AR AR 3 % A 3 T A R it &
)5 e B B A E R

7 (a) & W75mm JRE 5 B ) AR AR AR
G U BRI 1 %) 32 0 A8 AR X b B ) A iR
(1) N AR AR T S8 76 B PR B AR AR 09, 10 W75 mm G4 (1)
I AR AR S E BUE TR BE 10 mm B 3R A5 (1), HL il I8
BFREEA 11 mm, BOEAECAT DL BB AR B FoAR [R]
IRAR s, WU Hi i (R, =1) BN 2E 55 Y] (R, =
- 1)REE, RAE AR S S & D) T AR
LN BV o) | ey W (ER =K Sy =N P R AT E A B Fi
FEA G, W75mm 38R AT LR A2 BH 5 6 = A A PR 3
NiAE o 528y B — BB B (1H 58 1 A8 BE AR ) (1 5
] H R AE A ), W7Smm S84E i T IE i 72 Pk
AL FR N T SR 1T 28 5 N AR AR B AR A . XN
TP R AR IR G2, (A5 B B T2 0 AR A7 2 B AR 1)
SO o DCFPRLN 2% 0 35 AL G AR B H 26 1A
Bk BRI AZ S 10 AR B it Ze AN 38 F T 47 4 4
Ja& 2 A B T BRI B

7 X
R=-0.25 | — H L
6 ' TTIW75mm
\) ! : :i‘ :
st . Wl
s, e AR
woAr : '
> ! /, !
ﬁ;\[ 3F Leocme e
R
1+
0 . 1
-1.0 0.5 0.5 1.0

0
NiAE E
(b) T &7 4 B AZ - R AZ b i BT AR PR i 26

B7 BERBEST
Fig.7  Analysis of path dependence



- 98 - MR

Ol ko o iR

%54 %

SRIGAESE T LR eV AL — AR LU A8 I 1 FR T
(F7 (b)) b He BP0 35 B £ 4 0 728 Jef A48 v
o AR, W7Smm Ga0RE iy e KEF 4 I A2 I R i
B T E SRR BREFHEN A . X i R
Wl FHET R AR — 077 LA i 09 £ 4 A2 A2
AT LA BT BR AR MBS, o RN 1 M £
2 P07 748 N A L A ST i T TR AR OB AR BR I 22
AIREME, BT A HE RN A — R FE A O AR FR il £ nT
DA EIy 3 11 B3R B A M S S0, P I A B LA B )
TR FR Hh £k A7 25

K8l 1 ES T H IR A4 et L A 2 17 AR
Fe o B AL o A S AR T, R I
E0A L Gl DPIRe! e S e N E 1 e B v S v O VAT S
IR A L IR DA LiRE W S e R% i N

Tr
H_gmajor

6f g

5F ¢

4 T
X
&
H 2}
#Hol

0

-1F

D 1 L 1 ! L )

0 10 20 30 40 50 60
B Be$
(a) B[R KA
8

11 W75 mm 20 i 35 U A8 o f 5 T e, HOK
TYNIE) R ) SR o £1 4 5 2 AR A BER LA T A [
i XA D T At , B 2T 448 7 12 e J= A
KR FREINZR , 5 PA ZERH L, B 27 4E /Y
RCRERAT 2 . I, VR 7 B 27 4 1 (9 iz fip
V7728 g o R A AR BB IR A S T 5070 I A B4R T A
Ko WEHM, KA 55 UL AR N g e 7 A% GE BT A BR
b2 oL B ) R AR OB B R A S P o i PR Dl B
IR AT RE 2 O i i AL HA—E 2 8
DEEMBL RGN R I, BT 2R RN AR — 78
FU PR BT R T £ E 405 G 20y 3t T o S A2 ARS8 B
e R T I SR 41 4k b A L i i A2 &
11T 5 7] 7 72 g A s A 4 ik LS 1) A 4 e e A 1
YERL.

12

= Smajor
L
10 g
Y

——g

8_ o4

FE AR /%

8 10 12 14 16 18
BB
(b) W75 mmikkE

0 2 4 6

i e Rz 3R AL

Fig.8 Strain evolution at test point

PRI , 224 )220 LA £F 4 o A e 284 AR 3 1 0 J2 2K 3K
BEAOR F2 0, B FLF 4 B AR — AR i T A 2 1
BT A BR P m) AT P 2 AT AR (X 40
2.2 ERXUETAENT - TR FRER

S

P19 2 AR IREAS ] 536 T RIDRE W7 24010 1) %
T, R A A FR B IR EE#E IAE 10 mm, 5340 4R
P SCHRL 17 - 20 ] FIASHIE ST A9 B0 W SE B0 25 % i T
FORET Y 4 @ )2 M URE B J5 11 1 b e 75 s IR A
2B LAY — R Z by 28T 10 A — 55 PRI 24F 4
P b, ELWT RS R A e I SR A Xk, TR
75 mm F1 100 mm {3 7E 3 55 21 4 Wy 3% 1 52 30
A TR — 2 2 I 2L A X, ek 1 2F
HEAEPLMRAS T B RRAE . A5 T 79 28 i 3R
B DASEARDE IR Ry 3=, PR A 27 43k B iR, T
BURE BB A 28 A T2 A (A8, 25 mm 1 50 mm
SO RE T Je T T AL AN BT U AR A AR T AR5
TR FA AT T, LT gl s iRk i

B 10 JEACRIREE 1 278 2 30 1) 32 0 AR 48

JiE o AR AT IR 3 3 0 AR 5K A DX, B A
(B £ DX 38, 33t 2 O30 v e 25 2 P R 1) DX 3l 5 AN
[7] ) A5 RACRE 7B X P A T ZEEIR X I R 3 AN [ 1)
F2 AR A3 A 5 AN [ A5 X 1 A AR PR 7 A8 AT
TERR 2257 . X SETEE 2 W SRR A A AR O
Ao XFFUERE N 75 mm A1 100 mm (R3RAE, B BR 3
Jo7 AR A L A [5] Af DX 8K, SRR AR 1) 21 4 )y )
Wrd B IRBE A T A, 3302 R Ry 1 i) £F 2 7 3R
TR BEAR TR R RR ) o 0 F 2, D) Y [
e MUV ERUID N (0N 1573 s A T NI 4
N AREE X WAL S oV () 214 )5 1) 4 e o

FEEE A 25 mm F1 50 mm B IRE 7E AR i858 rp
R R, LT R R B 2, X R A A
BOE RS R A 7E 5T ) A2 T, 3X AT A B0EF 4k R AL
FE R, T W2Smm R RE T R RS, IE R Y
LR AL Z FAR L0 TR I, 21 4 m] DAFE T 24 2 BT 7E
I RASIE XN IR phr . B, 25 mm 1 50 mm
B B (A aRE A B iR B2 2 F B VDA T R RN 4 5 B A
() 7t 5 i B R ] ke )



55

it , 45 . 27 4EG IR 2 U AR BRI B R B

- 99 .

BRI =l
B9 SRR RKER

Fig.9 Strip forming specimens and their failure modes
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Fig. 10 Major and minor strain distributions of strip forming specimens before failure
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Forming limit diagram of fibre strain-strain ratio of
notched forming specimen
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