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Abstract: This article addresses the poor bonding strength of continuous carbon fiber-reinforced thermoplastic polyaryletherketone
resin (CF/PAEK) composites, which makes the mechanical test results of tabbed specimens easily affected. It investigates the effects
of resistance-welded reinforcement tabs on the performance test results of 0° tensile and 0° compression specimens. Through
analysis of the temperature distribution during the welding process and multiple sets of experimental results, it shows that the heat
conduction of unidirectional specimens significantly affects the welding strength of the tabs near the working section of resistance-
welded specimens, resulting in lower test results for 0° compression specimens but not for 0° tensile specimens or single-lap shear
specimens. Adding an insulation layer to prevent edge heat dissipation improves the test results for 0° compression specimens.
However, the two rapid temperature changes caused by resistance welding reduce the crystallinity of the specimens within the tabs
without affecting the working section. This often leads to damage at the interface between the working section and the tab, so the

compressive strength test results remain lower than those of adhesively bonded specimens.
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Fig. 1 Schematic of welding of compression specimen and tabs (a) and thermocouple placement position (b)
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Fig.2 Single lap shear strength of adhesive and welded specimens (a), the digital photograph of failure section of the welded 60 s
specimen (b) (in the picture, the yellow brown part is GF/PAEK sample, the black part is CF/PAEK sample) , failure section of the
specimen welded for 120 s (c) and a locally enlarged of the specimen (d)
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Table 1 0° tensile properties of welded and adhesive specimens

Sample Test condition X/MPa E,/GPa Failure mode
Adhesive RTD 2719+135 159+3.05 SGM

ETW 1843+292* 147+20.2* GAT
Welding RTD 2710+182 157+2.67 SGM

ETW 2652+101 162+6.24 SGV

Note: * indicates an invalid failure mode, and the test results are not credible.

&3 fr iR R A (1) s R AR R (2) FIBR S (3) IR R (a) et RTD A (b) Bk ETW i (o) 48
% RTD i (d) 4845 ETW ilf
Fig. 3 Photographs of overall specimen after tensile testing (1), local region of tabs before failure (2) and after failure (3)
(a) adhesive RTD specimen; (b) adhesive ETW specimens; (c¢) welding RTD specimen; (d) welding ETW specimen
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Table 2 0° compressive properties of welded and adhesive specimens

Sample Batch X/MPa E,/GPa Failure mode
Adhesive 1 1212+161.8 134+4.72 BGM

2 1104+57.4 13145.13 BGM

3 1215+44.7 133+5.61 BGM
Welding 1 914+56.3 135+1.66 HAT+HIT

2 939+110.3 136+10.40 HAT+HIT

3 922472.1 135+6.51 HAT+HIT
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Fig. 4 Schematic diagram of different failure modes of compression specimens (a), photographs of resistance-welded (b) and
adhesively bonded (c) compression specimens, enlarged photographs of the region near the working section of resistance-welded
compression specimens (d) before and after failure (e), and enlarged photograph of the region near the working section
of an adhesively bonded compression specimen before failure (f) and after failure (g)



5510 B

s AR CF/PAEK BT G KL 724 REI 2 A4 52 1) 131

G RE T AR BRI (0 I3 F 777 o 56 4 K B A
PR RIS 0, 33 Pl B 42 3 i 1 B K TR 4
RET, SRS BRI 2 B 4(e) FF R 34
RETCALI HIT BRIzt 1 MIEL 4(F) s AT LA
S5 B2 RE IR TR R S A IS,
L, B A o RO 2 it Rk, PR s
324 (AR D RS 2 1 BB (0 5 0, I
PR RE P AN B (18] 3(a2)) . HE, BT
FEGRAREST, B 3(b-2) | (c-2) HI SR 32 T I A
DA B O BRI A7 A2 S T 02 B B SR,
Ak T2 IR, 3R 03 e R k% 5
TR 25 SR 1 5 00 S T R4 R SR, A
SIS R IR/

DI 235 50 52 R 1 0 2 K B R AR, S
BELE 32 11 1 280 R F. (30 A 388 B 5 PR e 9
() 7 3 AR RS 2450 S 8050 0 o 78 1y B
%) 3 HL, A T AR AR TR ol 4 B 19 52 4 A
e, B4 R 702 S B, AR &
WG . AR AR R B AR A, [ 1o
T4 KIRAIRE AL FBORB TR A, S
GINEE R TR I — I T U 5 4 R 90 3
PHMAETEBA, S5 T1 5 T4 S % K4 I8 9
W/, (AR B A R 4 IO 5 97 PR 7
5 R 1 3 i 4 B 7 1)

S T IEIX — AR, SR AN
EHEHURES T L R S, T S 5
CF/PAEK #1144 & P A0 IR B o A g i, 1/ S
7 [ 3 P ) B0 8 R L8 4 . DAL 5 T L
B3, B IR 0 K, 3 L 0 4 I D JE 3 %
I35 1 9503 T AV e e X, 8 3 0 e, P 2
3R 22 7 35 40 °C L F . SX—BUG AT RE S &2

420.0

K5 s e K AR R (a) FIiE R 10 s(b) 50 s(c)
100 s(d) J5 LLAMA R IR A
Fig. 5 Digital photographs of the heating of the metal mesh
after it is energized (a) , and infrared thermal imaging of the
metal mesh after10 s (b), 50 s (c) and100 s (d)
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Fig. 6 Temperature curves in different areas during welding

] 6 AN [ o7 B 1 Ui BE AR AL I AN 58 4 — 3, TT
VLA BB THR A R b, RIS B T1 ATrpus X
B T2 DXk Y T L R Tk S X (T3 R T4)
(), TSI FEIAR R o T3 DX A T ol e e 1 2
T BRI A 76 B RA ) T A RE S IR AL T,
PRI LM 32 DX 3 1) TR 3 i 12, 452 1R SR AL 130 s PR
TR AR, I H i T HEARE 1 E0R, 7 120 s B9
B AN 396 °C, i T1 A1 T2 43514 451 <C
F1452.6 °C, T3 5PEMIREZELH 56 C. i
o R R 1) EBCEA 2 S 3 Wi 30 4 S I 1) 3R B8, AT
SO R T, DR M AR S 43 DX I 2
YIE, AasgmiAErEge. Beok, T1 5 T2 X
VLR AR 2, DR R 0 AR )2 A B T LA 4B 1k i %
P, (AR T4 KR IRy 415 C,



132 o a= M

B i 5 46 %

5 rbut BRI AR AR T 37 °C, $iBH CF/PAEK
FIFAE S 2 0% DX A IR AR, B0 IX Sk A
R,

ME 6 Ha] LU, AEAREE T nas g, A
5k 5 IE > [ FE A CF/PAEK &2 4 #1 KRR,
WG AR [ 5 422 ) [ )5 9T A 30 R R s S I — 28, T1,
T2. T3, T4 X 3k (% & = 1 B 53 51 o8 430, 435.4,
337.414 °C. Forpr, Bomss v by T4 AR AT SR AR
W H AT 2@ L, PRI e A AR #rh T3 IX
B R BE AR, AWK 337 C. W&l 6 Frn, AR HEFH
R T I 26 5 P IR s P B s, AT LA AR i Ak 0
Bl LA (R ERHE], 5322 0k ] R SR A SR B 1]
(t,), W3 1, W FE— 2 FEBE b 7 45 DX I i) K 4 I
PR R A XY ¢, N3 3 TR, Ho
T3 I ¢, o, BS AR T  fe 22, BRI 4
& T4 X, WS DXCIUAR I i T Puf% e A B
R RBURE TR F M. LR LIS 458, 0k 48
TRRE T AR BE S i A 22 0 X Sl 42 i i R oy £ 2
JEH T CF/PAEK & A MEHARE H B 9L 5 53
YRR BE TR 1, AR

£33 PIRIEELT TR XA SRR R ZE 1T
Table 3  Statistics of effective welding time in each area dur-
ing two welding processes

t./s
Welding time

T1 T2 T3 T4
1 107 100 58 80
2 137 126 24 64
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Table 4 Test results of three batches of welded 0° compres-
sion specimens after improving the position of the metal mesh

Batch X/MPa E,/GPa Failure mode
1 1103£76.1 138+3.74 TAT+ HAT
2 1151+97.9 139+3.65 TAT+ HAT
3 1038+101.2 138+4.51 TAT+ HAT
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Fig. 7 Compression specimen after improved welding process
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photos of working sections at 10 s (b), 60 s (c) and 120 s (d)
during welding process
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Table 5 Enthalpy of melting and crystallinity of different

samples
Sample Ty/C AT/ (T-g") X%
A-BGM-G 318.76 7.58 15.76
W-HIT-T 32091 6.38 13.31
W-HIT-G 320.99 8.26 17.17
W-HAT-G 321.56 7.48 15.55
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