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Abstract: A C-PDFR process was proposed for pre-drilled CFRP/titanium alloy stacks using semi-
tubular rivets. A titanium rivet was driven into a CFRP pre-hole, then rotated at high speed against a tita-
nium alloy plate to achieve friction welding between the tubular rivet and the plate, while the rivet head
locked the CFRP, forming high-performance joints. The effects of outward-inclined, symmetrical, and
inward-inclined rivet tips on material flow direction and rivet/ Ti-plate interfacial bonding quality were in-
vestigated. The microstructure, hardness distribution, and tensile-shear performance of typical joints were
analyzed. The results show that a fine-grained stirred zone is formed at the rivet/ Ti-plate interface. Under
the rotational feed of the rivet, metal flash is generated from the stirred zone and flows toward both the in-
ner and outer sides of the rivet. Outward-inclined/symmetrical rivets cause significant inward flash flow,
degrading bonding, whereas inward-inclined rivets suppress inward flow, enhancing bonding quality.
Tensile-shear tests demonstrate low-strength interfacial failure for outward-inclined rivets versus high-
strength rivet shear fracture for inward-inclined variants, with peak force and energy absorption increasing
by 137.0% and 159. 1% . respectively.

Key words: composite-pre-drilled friction riveting (C-PDFR) ; carbon fiber reinforced polymer
(CFRP); titanium alloy; semi-tubular rivet; failure mechanism
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Fig.1 The appearance and dimension of different rivets
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Tab.1 The chemical composition of TC4 titanium alloy

(mass fraction) %
*j*’l’ w w w w w w w w w
JEE | (TD| (AD | (V) [(Fe)| (SD) | (C) [ (N)| (H) | (O)
| ol55~]35~
TC4 |4 63 45 0.3010.10] 0.10 ] 0.05 ] 0.015| 0.015

R2 CFRP-T300EA#MH R TCARAEMNF TR
Tab.2 The mechanical properties of CFRP-T300 and
TC4 titanium alloy

B " %%ai gk HIF/IE]%&E ' ?Eig /#&};’ia AL/ %
CFRP-T300 230 911 2.0
TCAKRH) 110 860 996 12.0
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Fig.2 SEM and EBSD results of TC4 base material
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Fig.3 Schematic diagram of C-PDFR process
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Fig.4 Friction self-piercing riveting experimental system
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Fig.5 The schematic showing geometrical features
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Fig.7 The comparative macro-metallography for
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Tab.3 The residual joint height of different

riveting joints

ST BIET R A% w5 BE H o,
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#ET C 5.10 mm 4.55 mm 4.17 mm
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Fig.8 The welding area for different riveting joints
(¥y=1.0,1.5,2.0 mm)
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Fig.9 The interface joining characteristics of C-PDFR

joint(rivet B)
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Tab.4 Grain size and low-angle grain boundary

fraction in different regions(rivet B)

X bk RESELE E%flff/‘i,f'\ﬂ“ N B
RS /pm HHAE AL/ pm ditk/ %
I X 2.30 1.65 22.9
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I X 2.68 1.48 65.2
IV IX 3.26 2.35 49.4
VIX 1.07 0.92 19.0
VIIX 1.16 0.87 23.1
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Fig.12 The tensile-shear fracture section of different

rivet joints
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different rivet joints
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different riveted joints
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area, tensile-shear strength, and fracture energy

absorption of different rivet joints
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