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Abstract: To repair structural damage of carbon fiber reinforced polymers (CFRP) for aircrafts, the patch bonding
technology is an ideal process to obtain a high-performance CFRP laminate joint. This study proposed a multi-
ladder patch bonding adhesive joint design for CFRP laminates. The Yin and Yang film of patch bonding joint was
designed and constructed. The code generation algorithms for the layered slice laser 3D engraving and scanning
process were explored. The laser ablation processes of CFRP ladder layer interface and the bonding mechanism
were investigated, which verified that the tensile strength and impact toughness of the adhesive joint were
effectively improved. The failure mode of the joint is consistent with the designed adhesive failure. This study
provides a design and fabrication technology to realize high-performance patch bonding joints for CFRP
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components, which can be applied in aviation, aerospace, and transportation etc.
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Fig. 1 Filling path diagram of yin and yang mould.

(a) Yin mode filling path; (b) Yang mode filling path
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Fig. 2 Example of algorithm validation.

(a) Schematic diagram of damage contour construction; (b) Yin mold processing point constructed by
algorithm; (c) Yang mold processing point constructed by algorithm
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Fig. 3 Schematic diagram of section principle
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Table 1 Customized laser processing code and its description

FAF TIRefRRE
LDS BOCRIFAES . JFHEUF0001 LDS 01: BOELHRIRAIT; LDS 00: HOLEIRE K
LDPR HOLEShHAE4 . JFH0~100% LDPR 80: OGS 4HTLhZ H80%
LDPW WOEERk i vERE LDPW 20: #OGaR kb 58 h20 ps
LDF BOGAEB IR LDF 200: #OGAFEE IR 4200 kHz
LDOD HOLASTTGCLERT LDOD 35: OGRS LLERT 435 ms
LDFD WO ZER LDFD 30: $#0GHCHISERT 430 ms
FEhREAARITE S FEREE0s1
GO GO0 X10.00Y15.00 F1000 Ji4% M i s Bk 31 £0(10,15), Bk 41000 mm/s
GO01 X10.00Y15.00 F1000 #i&45% M 24 1ij si b5 23 £3.(10,15), FrZl# 41000 mm/s
ALIGN IR A TR THOCIN T3k 5 R 4EE 307 X 30 5
FOCUS RIS AT THOCIN T3k 5 RRAEE 0 X B £
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Fig. 4 Picture of the laser process equipment
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Fig. 5 Physical picture of the processed sample
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Fig. 6 Characterization of the multi-ladder joint

210314-5


https://doi.org/10.12086/oee.2022.210314

S, & HL TR, 2022, 49(1): 210314

https://doi.org/10.12086/0ee.2022.210314

PR RSO —2, TR IR A E— e R 22,
IXA[figjE CFRP 2 A AR REAE S Bt . 4510 S
T30 . CFRP 2GR H bk EF 4E G v R 22 R gm 2L,
GG, P2 R RIR R B TR R R, 2R
Y. &6, FERESIPTRZIE 2 ) FR IO —
FEWTTRNTTR . LR AE R A AL g 25 BRI AN
SR, AT — 7 ) R ) St — 25 S B0
R R BRAA BT AT ST R, IR 2 TR 5 Ttk
JUfAT R f2s 3 — 8 B 22

HRAE GB/T 33334-2016 ArifE it T By U5 B it
158 TR AL K A T B4 4 5 U LATE AL
ISR . TEFE ORI A B & P I, FFAMERL
7 R 25 . BEFHZSEEN 10 kN A HL T 7 AE IS
BRI A, DU B % 5 mmy/min, % 3M
FREM (B3M™ Scotch-Weld™2214,USA) Ay ki 4 51
E AL FREEIETE 121 °C T ML 1/, 7E 58T DR
FERESE , MESKAE R IR A IR, X T R4~
FEAHAMIRES 5k, BOEBEE RIS A . IFF)
FH A e 2 v o X AL 3 A e e 42 Sk 1) b 04
B 5 gl i) P AR A IR 2R

izl 7 Sy A By A e ) s SR
ZHEG NN H S 2 CFRP 286 2 08 S i
BY USRI R 12.9 Mpa, i8OS Bk
SIS IR E T 16.5 Mpa, BIVISREESE) T W A4
Fto [RIAt AT DA B AR SE AU 15 i 5 U5 B
WK, WOt G e LR e tE R A, Sl AL
PRI Ah B 0 i P S i wp o R A 8.2 kI/m’®, 1
i I O AR HE Hoah T R 9.4 kIim®, PR REY IR 2
15%, VLHIHOGANEEA F) T34 5% CFRP MBS 5 1Y
PrapitERE

4] 8 &y CFRP |25 e 246 )2 45 S h i 59 U] ik

a
A A A A
o N A O
L

Shear strength/MP

o N A OO
L

Shear strength 8 Impact strength

JEE I 0 A i 940 2 B0 R TR S AT o AU T Ak B Y
FEADRBCRTANIA] 8(a), P AR M ARIMA, T
@R I> JBRET AE AR, SR AL T B B XY
IRAE B SRR O IR, TERL BT, 2h4E
SRR IR, KA BOBRET 4 R iR ok, AR
BRBOL AN HM R X UEIEALMRBE I T
AR RN BIR, XRERL B T A PEREE AL T AR
SO o AEPOCARL BRAYRE AL b, JRBGR I T 2R K
FREGERIR CIEAA, JRiR o A TR O/ N RET 4, X i
P A 0 e o P A A g e 1R 2 58] P
MG T, (EBA R AL b Z R R 5
B RT3 EOR R R NSRBI . AP —
SePR /NG, R TEOIN T R, A RBIEF
il S T e 3 R Y27 N

N T PR RS VERE R B LI, 3RAT]
XHEEMEE T AN BT [ B B RE AR RSl AL
PRBEHI G 13 2 AL R R TR A BONRLRE , R 7 R
AT ZWER R, IE 9(a) W] LI ) Abn) HEAR 1)
MR, N ] BARBERI N T Y, X TR
Sk AT REAFAETEAE BRI s R RO Pl v ]
LI, S BEHIIn TS AR ah 2R AT 1 A BU0RL,
R Z2 2R [ R Je AL B 2T AE R SE B 2 T XE L 256, A%
UKL AR 2L L IBORS TR ME LS 1 B 2T HE IR A,
IR ORI B T AR, S0 TR . [
Rt i AR 2R 3BT 24 32 BT 3 52 00 18 21l
Wk, e SBRSN )G, E R =,
SN T TRk 0 A TR

K 9(b), 9(d) MFHOEALBIS BIRE R R IEDESL, W]
PAMES 2 e SN2 R BRET HESE AR R ER Lok, PR Al
WRFRIA R LRR, KRBT, A L BA 2Rk
B, SRIHLRE ] RSN . TEm O RUE b, 274k

(w/rst)/ybuens yoedw)

B 7 IR R MR R

Fig. 7 Test results of adhesive joint strength
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Fig. 8 Failure surface topography.

(a) Mechanical processing; (b) Laser treatment

B9 Huin LE Mk @b,
(@), (c) REIAKAH T 4H| AT B a9 BT iR, (b), (d) REIAKASH T HOLA TG &R B R

Fig. 9 Sample surface morphology after processing.

(a), (c) Sample surface morphology with milling treatment at different magnification;
(b), (d) Sample surface morphology with laser treatment at different magnification
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Study on multi-layered CFRP patch bonding joint
based on laser 3D engraving technology

Zhu Xiaowei', Pan Zhehao', Yang Wenfengz, Li Shaolongz, Cao Yu"

Example of algorithm validation. (a) Schematic diagram of damage contour construction; (b) Yin mold processing
point constructed by algorithm; (c) Yang mold processing point constructed by algorithm

Overview: Carbon fiber reinforced polymers (CFRP) are widely used in high-end manufacturing fields such as aircraft
skin, high-speed rail body and hull due to their high specific modulus and strength, low thermal expansion coefficient
and fatigue resistance. CFRP laminates are made of unidirectional carbon fiber or braided fabric and resin matrix by
lamination and hot pressing. The mechanical properties of CFRP laminates have typical anisotropic characteristics. This
also places new demands on the maintenance of CFRP parts. The traditional fastener (bolt or rivet) connection repairing
has the defect of hole edge layer fracture caused by hole making and mechanical compression force, which greatly affects
the failure bearing capacity of the joint. To carry out damage repair of CFRP parts by patch bonding, high structural
strength and good aerodynamic profile can be achieved, which is an ideal process to obtain high-performance repairing
joints. Previous investigations on surface treatment have established that laser ablation, as an advanced processing
method to remove the contamination impurities and change the structure and chemical properties of the surface, is
regarded as the best choice for pretreatment of bonding interface. Nevertheless, how to obtain a high-performance patch
bonding joint easily and quickly still faces challenges.

In this paper, a "6+2" axis general-purpose robot laser processing system is built for process validation and the design
strategy for multi-ladder patch bonding joints of CFRP laminates is proposed. The construction algorithm of yin and
yang molds of patch bonding joints based on automatic slicing of surface profile and the partition splicing laser
galvanometer scanning process algorithm are designed. Multi-ladder bonding interface of CFRP parts by laser ablation
and the bonding mechanism are investigated by experiments and performance tests. The results of these investigations
indicate that surface quality of CFRP parts with laser treatment is good, and the induced surface microstructure greatly
increases the roughness and surface area. Furthermore, the carbon fibers in the matrix material have less damage, and
the bonding strength is improved. The tensile shear strength and impact toughness of the bonding joints are improved
to 16.5 Mpa and 9.4 kJ/m’, which are increased by 28% and 15%, respectively, and the failure mode of the joints is
cohesive failure. This study provides a design and fabrication technology to realize high-performance patch bonding
joints for CFRP components, which can be applied in aviation, aerospace, and transportation etc.ss.

Zhu X W, Pan Z H, Yang W F, et al. Study on multi-layered CFRP patch bonding joint based on laser 3D engraving
technology[J]. Opto-Electron Eng, 2022, 49(1): 210314; DOI: 10.12086/0ee.2022.210314
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