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Influence of edge connection structure on tensile and fatigue properties of transparent parts of aircraft canopy
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(1. Baimtec Material Co.,Ltd.,Beijing 100095,China; 2. Beijing Engineering Research Center of Advanced Structural Transparence for the Modern
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Abstract : The materials used for the transparent parts of aircraft canopy are primarily consist of directional polymethylmethac-
rylate (PMMA), polycarbonate (PC), or laminated materials of both PMMA and PC. The connection points between the transparent
parts and the frame represent the weakest areas in the aircraft canopy structure. These areas are crucial components for ensuring the
sealing and integrity of the transparent parts of the canopy, directly affecting the safety of pilots during flight. The tensile strength
and fatigue performance of the transparent parts with soft and rigid edge connections in single-layer PMMA and laminated structures
of PMMA and PC were evaluated, providing data support for the service life and reliability assessment of different edge structures.
The causes and manifestations of fracture and fatigue failure in single-layer PMMA transparent parts and laminated structure trans-
parent parts during axial tension and fatigue testing were analyzed, and the possible impact of defects on the tensile and fatigue
performances of the canopy transparent parts was proposed. The results show that the tensile fracture stress of the laminated soft
connection, single-layer soft connection, laminated rigid connection, and single-layer rigid connection structure samples are 21.5,
17.58,16.55,21.55 MPa, and their conditional fatigue limits obtained through the up and down test method are 10.15,10.52,8.01,
9.77 MPa, respectively. Considering the lightweight and impact resistance requirements of transparent components in aircraft cano-
pies in practical applications, the laminated soft connection structure is selected as the optimal edge connection structure under four
conditions.

Keywords : laminated structure transparent parts ; edge connection ; aircraft canopy ; axial tension ; fatigue failure
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Fig. 1 Schematic diagram of edge connection structure
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Tab.1 Tensile test results of laminated soft connection samples and

single-layer soft connection samples

Items  Breaking stress/MPa Breaking load/N Failure mode

Unilateral shear
fracture of PMMA
Integral fracture of

PMMA

R-CH 21.50 16 770

R-1J 17.58 13 699

(b) After tensile test
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Fig. 4 Comparison diagram of side view of soft connection samples

(a) Before tensile test

before and after tensile test

J2 B B AR R B3 A0 TR P 2 AT -7
R 5 fr R (B R-CH-1~5 8 R-1J-1~5 R
LM T 5 AR . ZESh I P AP 2.5~15 mm
iF, B B - RS 2R R T— 3. B T
i AREETT IR T7 , I BB HM-301 55555 & 1k
WA IES , FEAE R AL 2 3 mm BT & A
— AR T B, T HM-301 522 I , il ke 3
R 22707 7K ) Uk ety 2 —Fh R BR 4T 4, HAA ¥
B PURE IR SR AR T RE R AR L, DR il r
it i v U 22y RO R A R T R AT B R Y
JIZE Sl . X F 2 A HGE AR, PMMA FIPC I
T 2% 3 SR AR AT B AE R BG4 L Yt PMMA Al
PC fEfrfid F v 222 85 1) 75, 1l PMMA 19 9) 4
WA PC &, #6532 1 & b PC A B B K, i



TR 55 NG S RN LR 2 B W L B 55 PERE Y RE 147

PMMA B8 R/, 7R3 L ik B W 24 IR 5 A
1RE 087 N | e N QU ST Y £ IR S IE T
firsig B2 AR T 2 A G A AR, R R R
PMMA [ FIPEAR NLFE/IN T 4 2241 5K B e A L3
B AR, WS BLIE S PN R ) fl Nt i (R S
B Jry A EHE) 23 PR A Ny g B T i e R AR R,
AR 738 28 1 W AR RS | 3R & AR 25 T
B . MRS B R-JI-3 Bl R-JJ-4 i et mf DL &
TR T MBS AR AR ERE T AL, (R
APy AZ Rr BT I 7, Bl A A8 A 38 I 28 A SCBH i 3G K,
TER A AR5 I A8 1k .

16 000 R-CH-1
—o— R-CH-2
R-CH-3
—o—R-CH-4 7
12000 __R-CcH-5
% 8000 [
Q
3
4000 -
0 10 20 30 40
Displacement/mm
(a) R-CH-1~5
16 000 -
R-JJ-1
—o—R-JJ-2
R-JJ-3
12000 - —o—R-JJ-4
—o—R-JJ-5
Z
2 8000
Q
3
4000 -
0 10 20 30 40
Displacement/mm
(b) R-JJ-1~5

[E5 B R A - i £
Fig.5 Load-displacement curves of soft connection structure sample
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Tab. 2 Tensile test results of laminated rigid connection samples

and single-layer rigid connection samples

Failure mode
Fracture of PMMA
Fracture of PMMA

Items Breaking stress’MPa Breaking load/N
Y-CH 16.55 19217.7
Y-1J 21.55 25020.0

(a) Y-CH (b) Y-1J
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Fig. 6 Pictures of rigid connected samples after tensile test
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Fig. 10 Fatigue fracture state and strain distribution of standard fatigue

test samples
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Fig. 11 Test results of standard fatigue test samples
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Fig. 12 Test results of standard fatigue test samples with group test

method and S-N curve
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Fig. 13 Photos of laminated soft connection sample and single-layer
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soft connection sample after fatigue testing

(a) Circular ripple after fatigue testing (b) Rough uplift after fatigue testing
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Fig. 14 FESEM photos of PC layer cross-sectional morphology analysis
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single-layer rigid connection sample after fatigue testing
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