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Abstract: To meet the needs of large composite bonding for aircraft, development, comprehensive ex-
perimental and application of adhesive materials have been carried out. Development process, adhesive
bonding performance, operability and batch production of parts of adhesives are presented in brief.
Traditional metal structural adhesives are widely applied to composite bonding for military use and civ-
il use. We have made some progresses in development of toughened cyanate film adhesive and tough-
ened BMI film adhesive. Development of high temperature resistant adhesives such as polyimide adhe-
sive will be an important investigation area. All kinds of adhesives with different heat-resistant and
chemical compositions need to be developed to meet adhesive selections for various composite bonding.
Key words: composites; adhesive bonding; cyanate film adhesive; bismalimide (BMI) film adhesive;
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Table 1 FM 300-2K film adhesive baseline comparison with FM 300K film adhesive
Adhesive Lap shear at 24 C /MPa Lap shear at 120 C /MPa Lap shear at 150 C /MPa Bell peel at 24°C/(kN « m~ 1)
FM 300-2K 38.6 26.9 15.9 6.4
FM 300K 37.9 27.6 18. 6 6.2

*2 EH{IZI FM 300-2K B FE 1 14 88 B9 %5
Table 2 Effect of cure process on mechanical properties of FM 300-2K film adhesive

Cure process Lap shear at 24 C /MPa

Lap shear at 107 C /MPa

Bell peel at 24°C/(kN « m~!) Bell peel at 107C/(kN + m 1)

120°C for 1. 5h 42 32.1
150C for 1h 44.5 32.2
177°C for 1h 43.2 31.4

5.3 7.6
6 7.9
6 8.6

3 120CELi FM 300-2K B EE R T E L & &+ #5126k
Table 3 Properties of thermosetting composite substrates bonded with FM 300-2K film adhesive cured at 120°C

Lap shear strength at different temperatures/MPa

Precured composite substrate

24C 82C 93°C
CYCON 985 3K70P graphite/epoxy prepreg(177C) 23.7 31.7 30. 6
CYCON 1827/3781 glass/epoxy prepreg(177°C) 16.0 16.6 16. 2
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Table 4 Bonding properties of SY-14M {ilm adhesive(Type [[[)

Property Test condition Requirement/MPa Result/MPa
(—=54+1DC =23.5 34. 84
Shear strength of (2445)C =27.6 36.19
composite to composite (71£3)C =22.1 27.65
adhesive-bonded (135+£3)C >=6.6 16. 34
double-lap joints (7143)C & RH(90%-100%) after 14d.test at (714+3)C =221 38. 28
(7143)C & RH(90%-100%) after (1000+24)h,test at (24+3) C =20.7 33. 87
Honeycomb (—54+1DC =4.5 7.33
. . (2445)C >4.5 5. 74
flatwise tensile (T143)C ~3.8 4,46
Sandwich beam shear (7143)C & RH(90%-100%) after 14d.test at (714+3) C >23.3 7.45
x5 SY-Po ZiRHMERETEE0.68g/com’)
Table 5 Performance of SY-P6 powder foaming adhesive in 0. 68g/cm’ fill density
Tube shear with different test temperature/MPa
Test item
—55C (23£2)C 82°C 121C 177°C
Average strength requirement =4.83 =4.14 >=3.45 =2.07 =0.69
Test result 10.7 10. 4 10. 6 5.15 0. 740
F 6 SY-PLIA ZAKEMMEAE(ERXZEE 0.68g/cm’)
Table 6 Performance of SY-P11A film foaming adhesive in 0. 68g/cm® fill density
Tube shear with different test temperature/MPa
Test item
—55C (23+2)C 82°C 121C 177°C
Average strength requirement =>4.83 =4.14 >=3.45 =>=2.07 0. 69
Test result 15. 8 15.4 11.8 11.4 3.32

T3 — A ARKBA T Z N AR SY-81 Z &
FHRHERM G . BT 2SR B 18] Ak i B AR (66 C) . [
PP SR Y e P 2R A0 RS AL A o R X ok £ 4 B 3 3
PYEEA RGP AR P . PR el g ] 7 it IR
TC 3L B0 P Xk 27 A 118 5 g e T Ak S Rz A it R B
5 T ER AN 08 2 B il ZEAY PR e BOR I S AR
B N AT e AR IL 1T 4 I i e — R SR BN R
(6] P B8 1 545 A4 RE (55 180 C [EI AR 3 M i 52 & 41 1t
DT E) A £ AR B3R DL AT TR O 2 Y L 5 F 5
AT 45 L B I P i L S HK R v A 22 B RE 3R O T AR
Ji PR A 2 o e v R JE e 9 P R R 11 B R i
5 B 1 AR E A o A R AR L 19 AL ) Ik PR i T i B4
(O XERL . LARY IR 114 )2 (1) 59 1) 56 J58 A0 T 57 fef 56 AR
FEFEEAER & T 10 20 T IR Kk

b BE s SY-81 ZAMEHEAAR. R 7TILET S
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(4 VE R+ 15 700 AT BSR4 A 3 8 B S HL, S 0 35 3
SH 5 9H #y7KF- . RIS To W A2 1k

A J5E 6 700 1) B ) 0 L FE 35 P R A o R e, 2t
AR E MR RE W 78 AR T 2L L (H X 2 2 HE AR e 1 Ul
FEAR 258 Aok ) 2/ B AR A5 0 B, e T2 5
AT 5 KR B3 e T A —2 Witk 5 — 07
T A R O P A TR R R A R A AN TR T
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Table 7 Test results of five batches of SY-81 resin

Requirement/

Test result of different batches/MPa

Test item Condition
MPa 17 2% 3% 4% 5%
. —54C 193-255 215.9 214.3 208.2 202.9 197.4
Tensile strength B
Hot/Wet 103-138 107.7 112.9 116.1 111.2 110.5
—54°C 51.7-75.8 60. 4 52.1 54.1 59.3 61.3
Compressive interlaminar shear strength
RT 51.7-68.9 54.2 58.1 56. 1 56.5 53.2
Flatwise tension(CFRP) RT 6.06-7.58 6. 44 7.32 6. 20 7.21 6.82
Flatwise tension(GFRP) RT 4.78-6.2 4.81 4. 84 5.13 5.21 5.78

K8 IREUZBRER

Table 8 Test results after three times curing

Shear strength at room temperature/ MPa

Curing time
SY-P11A curing at 180 C for 2h

SY-P1B curing at 180 C for 2h

SY-P3B curing at 180 C for 2h

1 9.30
2 10. 80
3 9.90

16. 3 8.03
11.3 5.67
10.2 6. 60

Wi 8 iy 3 A A AT LA T EE B T2, SY-
P1B & 5 AT 1 19 o ot I 3 2% i1 b 1y [ 46 T2 50
WE: (1) FHEH % 2y 3C/min(28°C F 5] 180°C, F Bt
£ 50min, 180 CA#IE 2h) s (D) FFIEH 2 0. 5°C /min
(28 CTF3] 180°C , FHI 2 5h, 180 C {1 2h) , 52 Ky 4%
SRR AR T IR 2 A ) A e R 0 A B S S e R
ST e S 7 = 1 P = e T I £ = 5 o 71 B

x99

15. 0MPa il 16. 4MPa, 325K 56 0F T T il o R 4012
MR REE AL T2 AT, 29 MBUE %5 T SY-
P1B & AN SY-14M KR 125 D8 e A% & 43 51 i 4
THRF LR SY-PIB % o i i BE =X 85 473 RE
S 56 235 L 3R W R U AL RSB SY-14M 5 SY-P1B & il
JE A 25 VE T 1 R4, SR AT SY-PIB % i e i) 4 =X
YOI RS T B AT (M RE U

BRAEYIRIELEER

Table 9 Test results after three times curing

Adhesive Test condition Sandwich beam shear/MPa
IT A type SY-14M film adhesive(293g/m?) 23C 2.99
. . L, —55C 6.95
I type SY-14M film adhesive(390g/m?)
. f " 24C 6.75
with SY-P1B foam adhesive 121C 6. 57
. . , —55C 7.13
IT A type SY-14M film adhesive(293g/m?) ]
24°C 6. 90
with SY-P1B foam adhesive . _
121C 5.79
, , ] —55C 5. 22
MM type SY-14M film adhesive(159g/m?)
24°C 5.05
with SY-P1B foam adhesive .
121°C 3.16

PRI 5 — A R S TR SR B T R AR
FEIH R B BT X5 DU AR R
AIF 5 30 0 70 7 i PO 4 ) IO 28 28 1 18 ) ) 3
AN #H R kAT H LR G R R S A
SR AL ™ wh IR B2 3 T7 V07 K SY R BN K LI i
6 i,

2.3 MEEEHMHBRBANHALRE

SR TN i S P E 1K 5T A A SR A G SO S AR

F 5 BE v Tk I 2 00 PR AL JLAR BIF 2 1 5 HE 0 4 1

FRTE IS . IR (0 SY-CN R ik I i 2 % 1 %5 i
MERarERe. IR S MWy mENER 2 175C
0 E N PR R T 30MPa A2 47 I 5 B2, 200 C 85 ) 5 JF 4%
iE 18MPa, 220°C 59 4] 38 FF 8. 33MPa; % i, 150 C |
175°C 1y 90° 3 85 %8 B2 4% 5 Ky 4. 05.5. 07,5. 51kN/m;
JiE 42 FRR R 2 G MR A R 9 = I L 150 C (175 C Y
YY) 43 B 23. 3,24, 6,14, IMPa; 8 HA L R 1Y
R fE. Ml BN 2. 9. N IEMAE M IE N
0.0065"", SY-CN g E 2 0 T 6 AHLE 8 K2k
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Table 10 Mechanical performance of high temperature BMI film adhesive

Shear strength of 2A12 T4 alloy
bonding sample tested

according to HB 5164/MPa

Test temperature/ C

Shear strength of 2024 T3 alloy

bonding sample tested according

Shear strength of BMI CFRP
bonded sample tested according

to GB 7124/MPa to GB 7124/MPa

—55 -

23 21.7
175 18.3
200 24.0
250 13.8

17.4 13.3
15.2 12.1
16.5 13.8
16. 6 15.8
15.2 12.4

W AR 1R AT A DA A e S LA P I
SRR e 52 A M B SR I R R i, R E & A
ST e 52 G b R BIE & 5 0 FH O T AR A R . A
P TR VAR A I Ak 24 BF 5 BE T TR T 5 Mk I i i 2 79
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