- . .
—— Ix oru

I A K : PR, TR, RIEF, F. S EH 9 BB BN B D815 L RS &[T, A2 Hl i K, 2024,
67(20): 44-57, 67.
HU Junshan, MI Shiqing, ZHANG Shengping, et al. Robot automatic drilling and riveting repair technology and equipment for
aviation delaminated composite structure[J]. Aeronautical Manufacturing Technology, 2024, 67(20): 44-57, 67.

EEEMESHES BiR{hYl=A B
BERASRE

& W, RS, KiEE, Rimis, H B
(BFMEMRKFE, &7 210016)

[HWE] ELEGMHT ZEA TSR TCEMR LYY T, MAREH —KEAIRATE B A IR AT K 9 R
3, IR LM A T e AR F G0 F K B B8, A B S4EHERE F RS R IR0
ARAE B A A 5%, AR T o AR AR AR B A, A E T AT 4B A A i TR AL Ao B R dr 28 SE ik, SRILT AR
1 M dE KA Fn T, FF 3T BAE S BT 2 B R0 ¥ | S SRR AT T an BURAE, 459015 L T L 89 AN R R
T2 A A5 TSR, Bl BT T 4035 B4 5 B S T oL 6 B A A B ARG 4690 L L e Bt AL BARALAEIME K
& BT —EE LM 5 BTG IS AR ARR R REE

K : B AMA: 2 BB TRMBEA AR Fardzh

DOI: 10.16080/j.issn1671-833x.2024.20.044

R

BB, BL AR, ARAEA
TRATRREHRE / BERARSRE .S
BERETZS5RENFEERA,

A58 2 A #RE ( Carbon fiber
reinforced plastics, CFRP ) B.A H 5
R =N AL A=k SN R e R 3/
SO B T AR AT R4S
R R RE , IO FHRRAS . 728 i YRR 77388
Aot Y 3 AR T A, QAL HLE
BEMR S U, LIEE F-22 . F-35 M,
A PPRVBESCANSU Bl R 2k
W B B SRR, R IR T4
T4 1) DT 245 B AN B v g . FREIC
2 R AN EAED I Y 3 ) ZE AL AL
WA = 2 A MR L], DA 3R
AR ERE . 2R, Z A Mk
TERRTHANL S P BE R [ , 45 IR
FRAEAGAHR T R APk

B A MBLRERNAE T £ FE
TH R B W e, A S e s
WEAG X, 38 B ] A B 2 (B e 4 R FE AN

[G], 4 5 T i 4 2 ke s 0 [
BB A58 2 [ 1k SR UKL ) Y
HEA B AN 22 3 2
BRGS0, BB A MR EE
BAE BRAE 2 WA 1 J2 [l 45 47 5 3
BURIR . AL, ZE ALV R B
TP/ R LS 2 A, ik
W HEAT I o BRI S S S R LS
AR, IFAb Tl AR L R R
S, SR 4 2 [ ik B RS 4 7
i TO0 N 2t — 29 8, i #it 2
B Z A . XL R
SRS A B AR R I R I RE S
i, = EHI S T EHLAE SERE, [H]
A1 45 e Aty e LRI 22 22 B i 1
K A BB /450 B9 S A AR
PF B e, AL S 4
FHOAERE A i 2N 2L

*EETH: HEARFSE4m LW H (52475160) 5 TIRE A SRR 3L 410 1500 H(BK20231444 ) 5 B FH-HLIL 31 F 40 66 7 $E T+ B &0
(TC230Y04S-18 ) ; o s e AR HIFL 55 270 H (NT2024013 ).,

44 Wiz REEEA - 202445 678 55 2010]



Intelligent Repair of Composites Eﬁﬁﬂ%ﬁgfgﬁ

/AP R R 30, S LA A2 G S A
S AN 3L s pr il oy (=l
SEPEBLR R TR T E IS T L
TR BT A G BA 1 BE T AR
YAEis R, wi, 2 HAR A 1%
RS, i 722 A AR B )2
A5 S HA 4% 2 N Al LAz
6 T 5 [ A2 ) 005 T R A T o U2 1)
SAE R AR R, Pk ST RE AR R RS fiC
SERA R B B | DT 2B 4 2540 R A%
Faw

T2 A MR M R
FiEPERE AN T, AL s & it
05 G5 A AE B VR R R S e A
I FLEE (B2 2 R
L JZE R ) o A T B A A R
MR B I I T35 LB, BF
FEN G R T2 LA 2548 Rl
R BRI LB R AR
S5 T A A0 A BR, B R
WA A AR 2R B i
Ty iy 0 T AT S0 D 2 B
B, ELAR 0 7 %6k 1E 26 0 8 P U L
Bl R U AN Hou 45 1
PE AT LR A e AR R A AN
R £F 4 77 1m) 19 52 A B BHE S DT E 3k
R AT U R DTSR
AL S R R XTI 1 V1B I it
TN TR 1RSSBS 2 4645 TR
BE UTHIELRE R RZI , K2 BELL 0° 450
90°.,135° MR 1Y 4 Fi L 700 2 4 £y
JEE U1 T8 T 1l ek 7 450 e Bt 25 50 el
G2, R BAILEE 5370 kg oA 2 gl Doy 284
W BTUIW A SR, A
RHIIB I U IR SR IR 21 2
24 S RN A VE kR, DT
TR JEE XS T Joi e (4 52 M) B 1) )
i P BT oE i E A MRS T
TE R Bl I TR Je 7k 58 4 ik
TI RSB N 43 )2 KN TR A
O3 AR YRS R T A
VIR 5 )2 B A 2 A MR S A 2 fr R
R 80 e S sipLEE, gkl
HI T 2280, Wb e & il —ak
W40 R B I T2 350

SRR S B 038 4 R AR
AR A 44, HAKAT 43 3%
AN AZAB AN T2 R B 0 S A T
Lo BN A G T B H A Z
BB A2 Je—FR 43I BB 6 78 ol
R R Z R B A 2L
X3 SRR ik AT DA A
RIFWAERN FI 53 A o SR, T2
BN T2 2R B XSk K i 5
FEHLRIIAS 20 ¢ 1 8l &, #iides
A Z FIBR U A RSB RN
i sh AR B o LI A Z B &
RIS 53 A X b 7 ik e 2L
LHES A E S R E T T2
SR, R REEA R B R
B E B EE, B 52 X 3 T AL
T T A AT ) 2 () SR R
P, Park!™ Fl Kang"” 45 i Fi
HAEN 0.6 mm [ T IE AR AN
IYIZRR AR ARSI it i i A
PR T A MRESH S Hh &2 G
1652 ATl 3K 90%, H FIRBFSE N
TEF A, B R T
ST T AE LS R AR R RE
A 2% (B A7) e e o 224 20 0 il 13 48 A 175
1) 2 TR 495 350 7 EL A A e 1) Bt L
P, HIE B 2 8] 43 J2 DX 3407 B AR
JERGE , R/ — MRS 3 T
IYIEE A MRHREN B AL N AR B M

AR AR R 143 2
1 JEA B B 52 H AR TT e R e bR

I, BRI 2 BRI XA 2% N
RSB HIID RALEE S5 (AL,
WA RS 73 IR R Y
i/ BT R E MR T2
7 IR AT B BR , 2 S R 45
A3t e J L] 49y B A D T F) 4
BETZ. RS RS A
JEAE B SR o T T A bR
By EIOHE AR IR R 52 % K
STRERR )RR JT , DRI RALAS
H R SRR AR 2 2, $ T3k
FTCHLAEE AR IRRE ST .

1 ESHHESERGH

BEIZ

PLEE K- Fiake R3S G b
BB RIS R, R a] 32 25
RS AE ) A A /AR AR
E g A (S E I | W = L AT
ARG R TT REVE. 23 Z B0
UESE SR S R 1 1 4548 52
BEVEMURERIERE, M E UM 1A T
MRS 4. 9 T i WA Ak 7%
fikesE A AEHbIE AT, I O FR B s
DA SMENLA , A ST LR A
H S OB 52 T 200 o3 2 45 0 ik A T
JEAIAESE, aNIE 1 PR S XA
BHEPEN R R IR Z 0007, B e
2T EZORRE 7y IR AR v
BEAN AL B T R AR
PEATHIALANGNE , (T A 5

I

MR IAL

: Sg;m HEHE =t
: oz

IrIEMEE T

E1 E&MRSRRGHIMEETEE

Fig.1 Schematic diagram of rivet repair method for composite delamination damage
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Table 2 Drilling test parameters

FE Hn/ (r/min) LA )E £/ (mm/min)
3500 500
4500 500
6000 500
8000 500
10000 500
6000 100
6000 300
6000 700
6000 900
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Table 4 Prediction results of maximum axial force drilled into defective laminates and axial force drilled to the defect (feature points B and C)

Eetii 23t PR

n/(r/min) S (mm/min) T /N
3500 500 84.109
4500 500 78.509
6000 500 70.109
8000 500 58.909
10000 500 47.709
6000 100 39.789
6000 300 54.949
6000 700 85.269
6000 900 100.429
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Table 5 Drilling parameter settings of fixed and variable parameters
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Fig.7 Cutting force curves for fixed parameter and variable parameter drilling methods
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Table 6 Configuration parameters of prefabricated layered damaged specimens
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Fig.12 Compression load—displacement curves of specimens with varying delamination positions before and after riveting
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Table 8 Ultimate load of specimens with different delamination locations before and after riveting

IR iR A BRI BE/N

& 2800
H
1400
0 1 1 1 1 1 1
1 2 3 4 5 6
{7 #%/mm
(a) N T1/4
I B
A 1 B 2
1/4 6267.3 6054.7
12 5697.8 6110.5
3/4 5889.7 6024.1

3 S A 1 A 2
5842.3 6054.8 5994.1 6013.3
5796.8 5868.4 6290.6 5823.1
6158.7 6024.2 6065.9 6027.6

BIEEAE Z IE AR BB /N

HEAERCH %
A 3 FHIfE
6402.6 6136.7 34
6024.1 6045.9 41.5
6364.5 6152.7 472
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Study on Impact of Self-Healing Agent Addition Methods on Interlayer
Toughness of CFRP Composites

TIE Ying, FAN Congjie, ZHANG Zhenzhen
(Zhengzhou University, Zhengzhou 450000, China)

[ABSTRACT] The effect of the addition method of thermoplastic poly ethylene-co-meth acrylic acid (EMAA) on
the interlayer toughness of carbon fiber reinforced polymer (CFRP) composites was studied using a combination of
experimental and simulation methods. Firstly, EMAA was made into thin filaments with diameters of 1.2 mm and 50-75
pum, and then added to CFRP composite materials by sewing and layering, respectively. The effects of EMAA addition
method and content on the type I interlayer fracture toughness and self-healing efficiency of CFRP composite materials
were studied by adjusting the suture spacing and layering density. The results show that the addition of EMAA significantly
increased the type I interlayer fracture toughness of CFRP composite materials, with improvements of 110% and 402%
achieved through stitching and layering, respectively. In addition, numerical analysis using the cohesive zone model (CZM)
further demonstrated that EMAA can enhance the type I interlayer fracture toughness of CFRP composite materials. After
thermal healing, double cantilever beam (DCB) tests were conducted again, and it was found that the interlayer toughness
of CFRP composite materials toughened by suture and layup was effectively restored, with repair efficiencies reaching 85%
and 105%.
Keywords: Carbon fiber reinforced polymer (CFRP); Poly ethylene-co-meth acrylic acid (EMAA); Mode I interlayer fracture
toughness; Toughening; Self-healing
(Bighi X %)
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Robot Automatic Drilling and Riveting Repair Technology and Equipment
for Aviation Delaminated Composite Structure

HU Junshan, MI Shiqing, ZHANG Shengping, KANG Ruihao, TIAN Wei
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT] In the new situation, composites are widely used in the manufacture of high-performance aircraft
structures, with the continuous improvement of the service range and service time of China’s new generation fighter aircraft,
it is increasingly urgent to improve the reliability and service life of the body composite components. With the background
of the unique application of automatic drilling and riveting technology in the field of military aviation maintenance, this
paper studied the drilling characteristics of the layered damaged component, built and developed the drilling force curve
prediction model and the damage interface recognition algorithm, realized the variable parameter drilling of the damaged
component, and detailed characterization of the static/dynamic performance of the layered specimen before and after the
damage repair. The reinforcement principle and damage repair tolerance of the drilling and riveting repair process are
expounded. At the same time, the drilling and riveting process and high-precision robot in-situ drilling and riveting repair
equipment for complex layered damage conditions of composite panels are developed, and a complete technical system and
intelligent equipment for lamination damage drilling and riveting repair of composite panels are formed.

Keywords: Composites; Delamination; Industrial robot; Automatic drilling and riveting; Integrated control
(T * %)

20244655678 52000] - B RIEHA 67



