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ABSTRACT

The present study investigates resistance welding of 3D-printed short carbon fiber-reinforced thermoplastic (SCFRTP/PA-
6) specimens using laser surface treatment combined with a novel smoothing post-treatment. The insulating sSCFRTP
surface is rendered conductive by laser irradiation, which locally exposes and accumulates carbon fibers. However, the
resulting surface roughness (Sa = 16.7 um, Sz = 257.6 pm) limits contact uniformity and welding area. To address this, a
post-treatment clamping the laser-treated surface against a heated aluminum plate (180°C, 600 s, with release agent) was
developed, reducing Sa to 3.1 um and Sz to 43.6 pm while preserving electrical conductivity. Tensile shear tests
demonstrated that the post-treatment significantly increased the true welding area and nominal joint strength. Under 2.0
MPa welding pressure, post-treated specimens achieved 3.70 MPa nominal strength—exceeding epoxy adhesive bonding

(1.37 MPa)—with total process time of approximately 40 minutes versus 24 hours for adhesive curing.

Keywords: Resistance welding, 3D printing, short carbon fiber, thermoplastic composite, laser surface treatment, post-

treatment
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AR HAIZE S 100mm, 18 25mm, X 4mm & L, A > 7 4 /113 100% T £457 B, 1 EE S 0.125 mm,
RNEREEELE (K15H).

Laser processed area

Fig.1 Specimen configuration.
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Fig2 Schematic representation of laser processing to make conductivity on surface of insulated SCFRTP.
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Fig.3 Experimental set up for post processing to reduce the roughness of surface.
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(2)240 °C % 30s (b) 240 °C X 10s

(c) 210 °C X 30s (d) 210 °C X 10s

Fig. 4 Results of preliminary examination under the conditions of 240 °C and 210 °C.

(a)180°C X 600s (b) 150°C X 600s

Fig. 5 Results of preliminary examination under the conditions of 180 °C and 150 °C.
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Fig. 6 Specimen and aluminum plate after clamping (left: heating temperature of aluminum plate is 180 °C,
right: 150 °C).
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Fig. 7 Specimen and aluminum plate after clamping with release agent (left: heating temperature of aluminum plate is

180°C, right: 150°C).
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Fig.8 ATR-FTIR of specimen surfaces after post processing with/without release agent (preliminary experiments).
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Fig.9 Measured area of the specimen for surface roughness (preliminary experiments).

FT, LV LR B OREMIZRE L, Z0%k, F—RBA %A L U CRpE R & 2 3
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B LTEY, 180 CORKEE S 1% 150 CTO¥NFEEICE THA LT 5.

Table 1 Measured surface roughness (preliminary experiments).

180 °C 150°C
(with release agent) (without release agent)
Before After Before After

Sa [um] 15.6 3.1 16.7 9.0

Sz [um] 259.9 43.6 257.6 96.2
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23 EBEREEROMAZEOFHERLER

Onyx |[ZL—F—EL L7=3B &, L——P%E L7o%RICHAEEZ LB o 2 fEA HE L, Hit
UL & FHOWTZIRFUNBVZ X 0 @A 217> 72, BlE ICIERE S 100mm, 18 25 mm, HRE 4 mm OFA4R% 3D 7'V
FCHERLL, 2 D AR OIRES 12.5 mm ¥y 2 s SEmv v 7T v TFRBA 2B L-. L—P—
I L OB AT - 7 E I XS B O R RIS XN H D 2 LN TFHENSD. FD7=8, WFREFICE
PV — M A ST CTERZIET O TIER <, U — FRUTEMBICERY 15T, Ehh O AR BT At L.
BRI 2 DD Onyx®FARIZ 1 2T DI 72 (X 10 &208).

| [

Lead wire

Electrode > i 4 Electrode

Fig. 10 Specimen for resistance welding (preliminary experiments).
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Edge of joint

Fig. 11 Silver paste is painted at the edge of joint (preliminary experiments).
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JIITEEATE. T 77 & Onyx® DRI Wik GFRP flfEi 2 A Ltk L7z (M 12 28R). =X = 7R 7 e v 7
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Fig.12 Experimental equipment for applying electric current.
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Fig.13 Tensile shear test specimen
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(a) welding pressure: 0.8 MPa (b) welding pressure: 2.0 MPa

Fig.14 Tensile shear test results of single-lap joints (laser processing only).
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Fig.15 Tensile shear test results of single-lap joints (with post processing).
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Fig.16 Tensile shear test results with adhesive bonding.

RERTE ORI B ) D FELRAE mAE A 2RO 7=. AREM 7ok 4 X 17 (0.8 MPa) & [X] 18 (2.0 MPa)lZ /R~
BALPRCRE RSN L TV D Z e,

I e - T Y P P TTYT

el T o reereey
(a) Laser processing only (b) With post processing
Fig.17 Fracture surface of welded specimen after tensile shear test (0.8 MPa).

T T T T T T T T T AT T T I TT T T T

(a) Laser processing only (b) With post processing
Fig.18 Fracture surface of welded specimen after tensile shear test (2.0 MPa).

KA CRlAE LIS OATRETIRE, BERPRE, posmEo EEE B EREZR 2 1IORT. £, %
WFLDOFEEZONTD TREM A 3, MESZONTO THREREEE 4 1R

Table 2 Nominal joint strength, true joint strength and welding area of tensile shear test of single-lap joints.
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Nominal joint True joint Welding
strength strength area
Welding Specimen
pressure surface (STD) [MPa]  (STD) [MPa] (STD)
[MPa] [mm?]
Post 222 11.4 61.4
processing
(0.280) (1.79) (8.88)
0.8
Laser 0.980 12.5 24.6
processing
(0.124) (1.17) (2.80)
Post 3.70 14.4 82.5
processing
(0.267) (3.12) (13.4)
2.0
Laser 2.81 14.4 61.2
processing
(0.214) (1.54) (2.98)

Table 3 The p-value of t-test conducted between post processing and laser processing.

Nominal joint True joint Welding
strength strength area

Welding pressure [MPa]
(STD) [MPa]  (STD) [MPa] (STD)

[mm?’]
03 1.6x10* 0.30 3.8x10%
2.0 4.9x10* 0.98 0.021

Table 0 The p-value of t-test conducted between 0.8MPa and 2.0MPa.

Nominal joint True joint Welding
strength strength area

Specimen surface
(STD) [MPa]  (STD) [MPa] (STD)

[mm’]
5
Post processing 2.8x10 0.11 0.021
Laser processing 1.6x10° 0.058 49%x10°8

18 1IZBWT, $RN—R DT v P A~OEAIL, Figll (R T X512, BB A B 2l hE-%kIC
Ty DERIBINEAT L7 b OBYHRIAATZ D TH LS. —IZ, 77 UV AREBMNEEER O FIRE IR,
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PA-6 DIRME & il L TEMETE DI E/NEVDOT®, = 2 TlE, HS—2 FRREBIAALTTESITEE LT
AR

IET) 0.8 MPa DA, $HRAELAITH 2 & TL—W —E DA & HlE U CEFhE w25 %, AT
SRAE DK 2.3 M L7z mrﬁzoMm®%é%%mﬁ*iofﬁﬁﬁﬁ%ﬁ%13ﬁ INFARREFOREE DS
FIL3FRITHM L7z, ZAUIRALERIC L 2 Rk SARJ AR mAE 2 30 S, ERlE RfE & OFR T E %
M ESEEEEZLND. WTROMEAFHICENTH, BEREREE X OO TIRE ICF B 22050
w%mkamb@ B FIREIZOWTCIIRLIEOFECTHEEITEO T (p>0.05), @lETRATOME
ITRABIC I ST RIETH D Z LRIz,

%ﬂﬁbﬁﬂi@%ﬁﬁ%%ﬁ?é&,ZUWMT@QSMMKKNE@%ﬁ%ﬁﬁljﬁ,&%%i%g
DS LT FICHM L7z, b= — LB O L OHEAE 2.0 MPa Tl 0.8 MPa (2 FE~_EEAE ALK 2.5 %, AF
FETFIREEANKT 2.9 RFIZHIIN L 7= I SN & 2 @loE St o BRI sl mfE A R S B2 L B A b d
TNES DEBINZ DN T b ERhE EE & AP TR ICH B AN b,

TR X SN L DHEES DAFRIGESIE 1.37MPa Th - 7. ARRE 15 TITH LR - IE /) 2.0 MPa 5%
f£7C 3.70 MPa &, BEEHA 2 KIEIC BB D5RENG Oz, BEEFTER OB T, =R AN
24 BE ORFLHRI 2 B4 5 DITxt L, AREEEIL L — Y —40EE 27 4y « AL 10 45 « SBIREINK 3 53 DAFHY

40 53 THEEENE T T 5.

4. & W

AWFFETIE, AT CHIRE L723D 7V > M fa#k sCFRTP O L —H — £ @A 2 W 7= BB PIRE I L,
BALER MAT VI T L —b~D T T 7)) 2R HREM SARRONER &, BALFROH MEFs L ONNETI D HHEF
SRIEIC G 2 D B A FBRIICHRGE LTZ. GO ahima L PR,

(1) BERIAIZ%A0 L2 180CT NV 7 L— MIL—V -G %2 7 T 7T D% (600 s) (k- T, Hiff
HHLE Sa & 16.7 pum 05 3.1 pm ~, Fe K\ S S: % 257.6 um 5 43.6 pum ~MEJATEETH VD, LD E
BIEITERF SN Z L 2R LT,

@)%LﬁiE@%ﬁﬁ&A%ﬂiﬁﬁéﬁﬁ*WMéﬁ BAET] 0.8 MPa S TAFRG AN 2.3 {5, Hfhss
AN 2.5 5 & e o7, EMRFMREICITAEAR S, BABIIEE ML RZE U CFREZ M LXE 2.
(3) NNES DI & - TERAE EFE & AP TR SFEHA BISHIN L2, $%RAEE L INES) 2.0 MPa D%
T CAFHETBREE 3.70 MPa 35 K OVl S HiFE 82.5 mm* 23% H 7.

(4) RS TFIEITEERES (1.37MPa, 24 FERIEL) % B2 25 40 2y TRELTE, BAMROBLA
D HEAIED R ST,

E
AWFFE IR FFFEE A B & HARF 92 C (—fi%) (24K08053) DAifibh T3k L 7=.
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