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ABSTRACT

Carbon fiber/polyphenylene sulfide (CF/PPS) composites are widely used in
aircraft structures. The CF/PPS composites inherit the thermal properties of PPS very
well, with melting point up to 280°Cand deformation temperature up to 260°C. In the
high temperature of 200°Ccan be used for a long time, that combined with some
special thermal high temperature epoxy resin temperature can reach more than 350°C,
so in some high temperature environment, can very good to ensure the thermal stability,
so this paper chooses thermoplastic composite materials; At the same time,
thermoplastic composites also have very good radiation resistance and corrosion
resistance. Therefore, thermoplastic composites are more and more popular with the
development of industrial technology.

In this paper, carbon fiber/polyphenylene sulfide (CF/PPS) composites were taken
as the research object to study the influence of different number of steps on the
mechanical properties of welded joints. Firstly, the joint connection form of step
connection is determined, and step number 1, 2 and 3 are set to study the influence of
step connection on mechanical properties of joint and the influence rule of different
step number. The CF/PPS composite laminate resistance welding joint was prepared by
resistance welding process using CF/PPS composite composite fabric as resistance
element. The tensile and bending mechanical tests were carried out. Then use ANSYS
software for stress analysis to verify the experimental results of the entity; The results
of tensile and bending tests and ANSYS verification show that: The mechanical
properties of carbon fiber/polyphenylene sulfide (CF/PPS) composites with stepped
welding are significantly improved compared with the single lap joint. The mechanical
properties of the joints increase with the increase of the number of steps. The more the
number of steps, the more the material can bear more force, but at the same time, it
will increase the difficulty of joint processing.

Key words: carbon fiber/polyphenylene sulfide (CF/PPS); Thermoplastic

composite materials; Resistance welding; ANSYS; Stress analysis
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JIM 0.4MPa F+Z 0. 6MPa BF, 23k ISR I IR S0 PR BRBR AT, X B 2 4
LR IEFE R R, Bk TIR AT B, SRR 1 0. 6MPa B,
PR A AR i S AR . 2B TN 0. 6MPa | 0. 8MPa I, #3kili
G RRE B v e, BRI & 2 PRAK, B B V)5 B2 B AR B R 0 T
mif N BT AR )% 0. 6MPa.

(3) JRAZA I Z R0 CF/PPS SRR BRI R e — . SRR
HE R M 5°C/min HINF] 20°C/min, Bk WECKMARIZETIRD>, H BT 58
Z LT HIRERA IR 20°C/min B, LB IGEEEIA RIS ; JEBEAH
AT 20°C/min B, kRIS RERVN, SECLEIYIRE . BrolAEE
F kP 20°C/mins
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B 911 =R RN A A PR M
2.7 REING

SRR T AT/ AR B RE  (CF/PPS) G MBI IR 378, IR 4%, &
JFUa A8 P s BB BRI E T R EFPRR A, SRR T S Rl 45k (0 Ry
m BE TR RS Bl s AEST I IE R TV 2 BRI, (ER SR IR TR
Wiz, PRI E] T S AN 3T SE BRI AR 1%, SR 2
] RATUK S B BRI R SRR B %, KRB IR ERE, K, WAl
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WDW-030. B 3-1 s, KL G BLaext ESCHrdIfE 2 SRR
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B 3-1 oLzl B3 0 se el

7 AH R I 2 i 7Sl ) oz e A8 M0 S8 A PR P PR e g 2 o A FH Ak
A5 2 1 Bcdls v DA E M RER SRR PR « AR s B L LB IR . T AR 4
PR PR R ARGR AL E R PR RE TR AR . MR T BEAT AL
B8 T LATS 21 i A2 4l
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B, (EN A5 27 A 7 L o R o LR B AN T L 3 SV R O 0 4 3
3.3 SchuFtin

RA RS EERNE S RIZEBRIIRREOV— 2, ZJ&, =R
REE, R RREPEEMEIRM T OS EL FRAS RSO 2R AR R —

FERFHER SRR GRS BEAT TN, Htohn 2 /N2 T SRR 2 1Y)
ShZEAr, PRAEF AR E AL T IE W TARIRE

3.4 LWEER

BRI ER S B (LD —Z0E nFE 3-2) ;. (B) HEM
B (W R 3-3) 5 (C) =ZMbh (N 3-4) id A N RIS B . 45
W 3-1 fion . ZHAFELZEBUER R E A M RHE B bz (e S5 B 3R 2 an
TEFTR.

4.000

3,600

3 200 0

2.800

2 400

2.000

A B C D E F % H

100 | Jif ] (£5) 73 () A2 (m) 7 ¥ (mm) E BiJ(MPa) A (%)

101| 6.873000145 3.817199945 0.107000001 131.0912933 3.817199945 38.17200089 0.214000002
102 | 6.973999977 3.825200081 0.108000003 131.0895996 3.825200081 38.2519989 0.216000006
103 | 7.073999882 3.832799911 0.109999999 131.0877991 3.832799911 38.32799911 0.219999999
104 | 7.172999859 3.840800047 0.112000003 131.085907 3.840800047 38. 40800095 0.224000007
105 | 7.274000168 3.847599983 0.114 131.084198 3.847399983 38.47600174 0.228
106 7.373000145 3.835200032 0.115999997 131.0823059 3.835200052 38.55199814 0.231999993
107 | 7.47300005 3.862400055 0.116999999 131.0805969 3.862400035 38. 62400035 0.233999997
108 | 7.572999954 3.869199991 0.119000003 131.078598 3.869199991 38.69200134 0.238000005
109 | 7.672999859  3.87680006 0.120999999 131.0767059 3.87650006 38.76800136 0.241999999
110 7.772999763  3.88319993 0.123000003 131.074707 3.88319993 38.83200073 0.246000007
111 7.872000217 3. 889600039 0.125 131.0726929 3.889600039 38.89599991 0.25

olo|e|lo|o

112|  7.97300005 3.895200014 0.127000004 131.0708008 3.895200014 38.95199966 0.254000008
113 | 8.072999954 3.900399923 0. 128999993 131.0686951 3.900399923 39.00400162 0.257999986
114 8.171999931 3.904799938 0.130999997 131.0666046 3.904799938 39.04800034 0.261999995
115| B8.272999763 1.867599964 0.135000005 131.0628052 1.867599964 18.6760006 0.270000011
116 8.371999741 0. 0004 0.152999997 131.0453033 0. 0004 0.004 0.305999994
117 8.472000122 0.0012 0.179000005 131.0189056 0. 0012 0.012  0.35800001
118| 8.57199955 0 0.206  130.991806 0 0 0.412

110 o gTIANNN21 N A a99nnnnNT. 190 NE20NTT NN agTnnnnns

K 3-2 —JZBrBbseiasas R
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S3FT: A RRE (RS A R 10, 5699 £, 1 HIRA A TEAS IR, 1
8. 172 PP hr i far a5 3 3904N B AW RHH SR B RLIT 1, Bt R AEHS —
EfA A 39. 048MPa 4% 18. 676MPa, #RJ5 1 %] OMPa, &Z&HH H RIIMN
A 4 H g 0. 012%H1 0. 262%.

WOWEEF [EEME SR /1228-2002)] <]
EE_;! v RED RE® #%0 TAO BOW W ® & B _
AR EHE mSS o

@ o ool B pe o mwoun B
26 81— E— BE A%
0/0

= AEE 0100 kN/s SCHEE 100 MPais
WA | re
Retmen) : ks
IS
Bl i 0.1 0.2 05 1 2
S s 10 20
Sufmm~2)
Fr(kiNy
FeH(kN) FESmm/min |4 [»
b DEEEET e A
] o L]
RN E R »

E(GPa) A
s
i Beno0tmivs

[ ol e e, i = 1 R |

e
300 =]
[+]

l

270 23.756 2. 896 30913 =3.927 2. 896 28. 96 7. 826

271 (W) CBF) SN A (am) A (om) HE W) (MPa) i (%)

272 | 23.956  3.1316 3.901 -3.9156| 3.1316 31.316 7.802
273| 24.055 3.1184 3.952 -3.9668 3.1184 31.184 7.904
274| 24.156  4.0052 4.023 -4.037 4.0052  40.052 8. 046
275| 24.256 2.95 3.899| -3.09133 2.95 20.5 7.798
276| 24.355 3. 422 3.997 —4.0112 3. 422 34. 22 7.994
277| 24.456 3.9228 4.012 -4.026| 3.9228 39.228 8. 024
278| 24.555 2.8536 3.909 -3.9234) 2.8536 28.536 1.818
279| 24.655 3.714 4.036 —4. 0505 3.714 37. 14 8.072
280| 24.755 3.7484 3.994 -4.0079 3.7484  37.484 7.988
281 24.855  2.8884 3.934 -3.9484 2.8884  I8.884 7. 868
282 | 24.955  3.9656 4.060 -4.0791 3.9656  39. 656 8.13
283 | 25.054 3.561 3.974 -3.9883 3.51 35.1 7.948
284| 25.155  3.0388 3.971 -3.98b6| 3.0388 30.388 7.942
285| 25.255 4.1164 408 -4.0948 4.1164 41.164 8.16
286| 25.354 3527 3.962| -3.9759 3.27 327 7.924
287 | 25.455  3.2656 4.013 -4.0276 3.26506 32.656 8. 026
288| 25.554 4.152 4.084 -4.0981 4.152 41. 52 8. 168
289 25.654 3.0932 3.961 -3.975| 3.0932 30.932 7.922
290| 25.755 3.5704 4.059 -4.0731 3.5704 35.704 8. 118
291 25.8504 4.0712 4.072 -4.0868 4.0712 40.712 8. 144
292 | 25.954  2.9968 3.969 -3.0836| 2.9968 29.968 7.938
293| 26.053 3.8528 4.096 -4.1099 3.8528 38.5Z8 8.192

K 3-3  PHEBRRSLLG ZE R
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3Mr: B RIS I FRSE T 26. 3530 £P, HIEASHEEE M ES 0. 079999 £
Bt REFT 0. 008 Z2 K — A8 A 25. 254999 Fh -4, 0947 2K, WA 345 5
79 0.0320MPa J% 4.1163MPa, #ZTHE HRINAL H 7 thsr 78 0.0160%5
8. 1599%, A JJUE(E N 4. 152KN.

WOWe F A F - (R M BB PIEAE(GB/T228-2002)] -
A0 HED BESG BNO RO BOW WU ® & 8
B e T 100 mmA20) HE WA

Hh(E0kN) HET 4% Fef¥i(mm)-3 1 (25mim/50mm)

DeE. & [k ¢ o8
AR T R AT | RN N 5 BE AUE
1

{is mm T e B

S 12 as HBE 0100 N/ EHEE 100 MPajs
HEEm 2023/3/20 HIA | I
ey Rtmm) HKNfs
So(mm*2) RS
Latnm) / SittEE 50 SRR LR
Lu(mm) Ae) / 5 10 20
WER T Sulmm~2)
08 / Fmkny 5,86
Ren{MPa) | FeHikN) / FiBlmm/min 4| ]
ReH(MPa) / Fel(kN) / HESEEE o ] i
Rel(MPa) / FotkN) / o i
Rp(MPa) / Fe(kN) 0.06 BT W
RiMPa) / E(GFa) | o
PR R /
Ao / Agte) /

@m'®@@ ri
‘
O FsmiEsl miE= 1

Giﬂ
ﬁm sm =i GTH

m,ﬁﬁ(mm[mm) 300 E*&EEEH

818 | (R (B2) 1y (k) BT (om) (oS (mm) | §E R 7] (MPa) i 2% (%)
819 | 78. 603 4.36  4.488 122. 1686 4.36 43.6  8.976
820| 78.703  5.514  4.601 122.056  5.514] 55.14  9.202

821 78.803 4.6604 4.483 122.1739  4.6604 46. 604 8. 966
822 78.903 4.6032 4.53 122. 1267 4.6032  46. 032 9. 06
823 79.004 5.5608 4.603 122. 0537 5.5608  55.608 9. 206
824 79.102 4.4552 4,479 122. 1785 4.4552  44.552 8.958
825 79.203 4.9096 4,574 122. 0833 4.9096  49. 096 9. 148
826 79.303 0. 478 4,593 122. 0642 5. 478 24. 78 9. 186
827 79.402  4.3492 4,489 122. 1679 4.3492  43.492 8.978
828 79.502 5.2388 4,615 122. 0421 5.2388 5Z. 388 993
829 79.602 5. 2876 4,574 122.0828 5.2876 5Z.876 9. 148
830 79.702 4.3784 4.514122. 1429 4.3784 43.784 9.028
831 79.802  5.5096 4. 645/ 122. 0122) 5.5096, 55.096 9.29
832 79.902 5.0356 4.5b04122.1032) 5.0356, 50. 356 9.108
833 80.002 4.5112 4.549 122.1084 4.5112 45.112 9. 098
834' 80. 101 5.6572 4.659|121. 9983| 5.6672| 56.572 9. 318
835 80.202 4.7892 4.541 122.1162 4.7892 47.892 9.082
836 80.302 4.7692 4.592 122. 0653 4.7692 47.692 9.184
837 80.401 3.1672 4. 664 121.9934 3.1672 31.672 9.328

aan
'

K 3-4 Z=)JZBepscin gt R
ST C. R BRG] 42 2] 80. 4010 Fb, FLTEASE EEMES 0. 07999 Fb %t
MR 0 Z2K— EHAF 4 80. 1009 FPIY 5. 6571 2K, MIARRIN J143 5N OMPa
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C 80.4010 5.657

i = B b, AREAR A — AR IR SR SRR AT 7 AR TR AL IR
EEZRW, B AN E G EHH B4 TR R & R mis s |
4. 152KN Lt A =M E S EIRIF— /L C =M E SRS
WOEE FREEm A 5] LAE HORVEREAR W 4F, il Ao A, B s is 2
5. 657KN. FJLAMFH AN, CF/PPS EEMENZEHOERE MM ZHE 2,
SE bR B RIE BRI HTIL AR RS

3.5 KE /NG

S I B SO 5T 2 BRI b 8 PR 8 45 0 R CHEAT
S, T 15 LT R IR S R ], 25 T s, R R
MRS PR AR, BRSO, IR TR, BIR B, Hid
P BRRAF . T2 2 PERMP B VR P B, B2 R0 7E TR
TLAHT BT -
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LhsEs . B Se i soildworks BT B, RAL/E S ANSYS MR E S
B, A8 R AR BV SR BRI S S R S0 25 B 7 IR

4.2 EE

A R R 2 SolidWorks. 26{¥ ] Soildworks 78 #5225 firl 114 FH
ANSYS A #ATH R I
F4-1 HEMRMREBR

présEs KE R EE EEKE Birbh i
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B v P SR AR BB BT 38 4 A5 1, BERUE R JZ BB s FE A FE —FE

1. —ZBEb
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X
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4. AMBHEETSH

—JZ: nE 4-10 Pros
Details of "Mesh®
Physics Preference | Mechanical
Relevance [o
[+ Sizing
[+| Inflation
[+/| Patch Conforming Options
[+/| Patch Independent Optiens
[+ Advanced
[+ Defeaturing
Nodes 4896
Elements 756
Mesh Metric | None
4-10
ikl 4-11 P
Details of "Mesh®
' Physics Preference | Mechanical
Relevance lo
[+ Sizing
(#| Inflation
|+ Patch Conforming Options
|#l| Pateh Independent Options
[+ Advanced
|#| Defeaturing
Nodes 3378
Elements 510
Mesh Metric | None
4-11
= i 4-12 P
Details of "Mesh"
Physics Preference | Mechanical A
Relevance [o
[+| Sizing
[+| Inflation

[+ Patch Conforming Options
+/| Patch Independent Options

[+| Advanced
[+ Defeaturing
g statistics |
Nodes 4366
Elements 690
Mesh Metric | None v

4-12
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R S48 T Wk R [ A A (B 4-13 B

2000 82,00 gmery 1
]
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X
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0.045929 Max
0.04083
0.03573
0.030631
0.025532
0.020433
0.015333
0.010234
0.0051346
3.524e-5 Min

0.00 3000 60.00 (mm)
B |

T

15.00 45.00

K417 E8hiEsKE

0.00052407 Max
0.00052291
0.00052175
0.0005206
0.00051944
0.00051828
0.00051712
0.00051597
0.00051481
0.00051365 Min

0.00 30.00 £0.00 (mm)
B |

15.00 45.00

K 4-18 ERNAE LK

19



R AR K 2022 JRACRE Sl

111.63 Max
111.38
111.13
110.89
110.64
11039
110.15
100.9
109.65
109.41 Min

0.00 3000 60.00 (mm)
[ SEaaa—

Kl 4-19 SHNI=E
3. ZJEM RS A A R A AR ) B A

B Ar /& AKN,  INEET AN 1s.

TE 4-20. 4-21. 4-22 NE IR

0.018783 Max
0.016687
0.01461
0.012523
0010436
0.0083492
0.0062624
0.0041756
0.0020887
1.8725¢-6 Min

0.00 35.00 70.00 (mm)

17.50 5250

K420 EXhiEsK
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K 4-22 NS
F4-1 WEEBE APP R SRR SR I B %
et =40 In#EETE] (s) n# A (KND AN (mm)

— 1 4 0. 045937

it 1 4 0. 045929

= 1 4 0.018783
4.6 ZH

25 it T [ W 1 45 3 v B — AN 2 L[] T (R AT

L. —ZM R AP RHE A AR 12

L SLI R BT . BT (R G —, SRR E BRI A R 45 R
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0.0031632
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0.0018234
0.0013768
0.00093022
0.00048361
3.7006e-5 Min
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5757
479.86
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0.69264 Min

0.00

30.00
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]

15.00
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B 4-27 SERNAE

i

1.5616 Max
13881
1.2146
1.0411
0.86757
0.69406
052054
034703
0.17351
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0.

00

30.00

60.00 (mrn)

]

15.00

45.00

Kl 4-28 SRS
3. ZEM B E G B G iR 25 it
AT AE 500N, NS A 1s.
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]
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0.0015655 Max
0.0013922
0001219
0.0010457
0.00087249
0.00069925
0.00052601
0.00035276
0.00017952
6.2803e-6 Min

Y
L]
X
0.00 30.00 60.00 (mm)

I I ]
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K 430 ZERNAE A

332.88 Max
295.93
25897
222.n
185.05
1481
111,14
74083
37.226
0.26941 Min

L -
0.00 30.00 60.00 (mm)
I I ]

15.00 45.00

K431 RN
42 TEREUE AAPRHA A B dh B a2k

BT =2 EN D) n#EEsT (KN ALK (mm)
— 1 0.5 3. 8295
= 1 0.5 3.8253
= 1 0.5 1. 5616

W BRI LAR R, EMFEZRE T, Brobfosocn, g iAo il
N, HEEAT AR, BEMEUR S BGER MR EOEOR, JERICRBLT, S
VERESE LS

4.7 KEING

AR IS EOE N R SRR SO 4L, J8id ANSYS AR ol Koy
Brigcft, XEEBEATEEL X RIR . € SO RUEME . Avins <5 R 503, i
FEACRLA S il A R BT 2 2F N W EE AR IRAS T HIALAS , T A I S A A 1
TZ, RIBTBEEGHOR, Huins PR tsr
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EHE Hip

A SCHHT T REF 4/ ROERE  (CF/PPS) E AR A FIHIVE. FTBE . 454%.
— IR T PR BR AL I 545 T CF/PPS (BREF 4/ SRk ) 264
BHEGIR, G WAL 2808407 U AT R4, d@ad frfi s g LKA B
T E, 8 T AR ZBOERERT CF/PPS B &M RHE SRS i H 25 A
DRI, A T AP REN T2 ASCEENRIR:

(1) #IBMEE SRR E S G AR E 50845, ORISR, SR
ARAE T AR GO AR BE T R RS TEAR, 58 5 BEA 5T AH (7] 8 B 21
AR, LSRR SR BRI IR A 4 — a4k, [FIRE G
KPR, Brdm SR RE
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