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Abstract: Carbon fiber reinforced thermoplastic composites (CFRTP) have superior comprehensive
mechanical property, as well as rapid prototyping, weldability and recyclability. The application of CFRTP
are gradually increasing in aerospace, vehicle manufacturing and other fields. Ultrasonic welding is
recognized as one of the most suitable methods for CFRTP. With the increase of the application of CFRTP
in aerospace main load-bearing structures, the discrete solder joints in the form of traditional ultrasonic spot
welding are difficult to meet the requirement of the strength of them. Accordingly, foreign scholars have
proposed ultrasonic continuous welding technology to realize the seam welding connection of CFRTP
structures, which has not been reported in domestic literature. In this paper, the research results of CFRTP
ultrasonic continuous welding are reviewed from four aspects: CFRTP ultrasonic continuous welding
equipment, joint design, process characteristics and quality inspection. The scientific problems and technical
bottlenecks to be solved in CFRTP ultrasonic continuous welding are discussed, so as to provide a reference
for the development of CFRTP ultrasonic continuous welding technology of our country.
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Fig.1 R&.D and application of CFRTP welding technology in foreign countries

(a)EU used welding technology to realize the assembly of the world’s largest CFRTP fuselage demonstrator ?'; (b) GKN Fokker used welding

technology to connect the truss to fuselage panels!?®

'; (¢)Germany used welding technology to assemble the CFRTP pressure bulkhead of Airbus

A320"™; (d)Qarbon Aerospace used welding technology to manufacture wing box'®'; (¢ )NASA proposed use of welding to realize the on-orbit

fabrication of CFRTP space trusses'®'; (f) DLR used welding technology to connect the rocket fuel tank to the ends'!”’
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Fig.8 Cross-sectional micrograph of ultrasonic continuous weld joint'**(black arrows indicate

the weld interface, gray circles indicate fiber and resin extrusion)
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Tablel Summary of the influence of ultrasonic continuous welding process parameters

Peak-to-  Welding

Sonotrode ) o o Single lap
. Ultrasound Energy Welding  peak speed/ Consolidation ~ Consolidation
Material ) shape &. ) ) shear strength/ ~ Ref.
system director . pressure  amplitude/ (mm- pressure distance/mm
size/mm . MPa
pm s
1.85mm  VE20 0.20 mm  Rectangular 500 N 80 35 800 N/ 86.4 39.6+2.3 [25]
CF/PPS SLIMLINE PPS mesh 27X15 1.6 MPa
DIALOG 6200 500 N 70 35 800 N/ 86.4 37.2£25
1.6 MPa
500 N 80 65 800 N/ 86.4 25.0+3.9
1.6 MPa
1.90mm  Branson DCXs ~ 0.20mm  Spherical 450 N 97.5% 30 0.65 MPa 24.7 [26]
CF/PPS  20VRT PPS film  diameter 25 600 N 100% 25 0.5 MPa 23.3+1.6
1.92mm  C20-10, Rinco ~ 0.08 mm  Rectangular 500 N/ 49.5 60 29.5+4.9 [29]
CF/PPS  Ultrasonics PPS film  30X14.9 2.6 MPa
1.85mm  C20-10, Rinco  0.08 mm  Rectangular 500 N 82.5 45 18.84+6.2 [29,
CF/PPS  Ultrasonics PPS film  30x14.9 31]
0.20 mm  Rectangular 500 N 82.5 45 33.7+24
PPS mesh 30x14.9
1.85mm  HiQ DIALOG 0.20mm  Rectangular 500 N/ 80 35 15.1£2.6 [32]
CF/PPS 6200 PPS mesh 27X15 2.6 MPa
500 N/ 80 35 800 N/ 18.4 9.5+2.9
2.6 MPa 1.6 MPa
500 N/ 80 35 800 N/ 63 38.6+2.7
2.6 MPa 1.6 MPa
500 N/ 80 35 800 N/ 86.4 39.64+2.3
2.6 MPa 1.6 MPa
1.85mm  VE20 0.20mm  Rectangular 500 N 80 35 ~27 [33]
CF/PPS  SLIMLINE PPS mesh 30X15 1500 N 80 45 ~29
DIALOG 6200 20N 60 15 o8
1.85mm  VE20 0.20mm  Cylindrical  1000N/ 80 12 800 N/ 2.5 33514 [34]
CF/PPS SLIMLINE PPS mesh 43-53 MPa 1.6 MPa
DIALOG 6200
2.2mm  Herrmann 0.50mm  Rectangular 1000 N 75% 16 600 N Impact of [35]
CF/ LMPAEK 28X14.9 alignment of
LMPAEK mesh sonotrode
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