=5 M0t = 1k

Acta Materiae Compositae Sinica

RS EHIR LI T BREFERRE S APRHNBEE AT o 5B LR

BIE FH 3 WA

Study on friction behaviors and wear mechanisms of carbon fiber reinforced composites under load
and hygrothermal service conditions

XIAN Guijun, QI Xiao, GUO Rui, TIAN Jingwei

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20241008.002

AT ARG A SCEE

Articles you may be interested in

JETEOSURD TR ET ARG 2B R 1275 BE SR BE A BT LR
Enhancement mechanism of nylon 6 filler on the mechanical and frictional wear properties of carbon fiber—epoxy resin
composites

BAMER. 2023, 40(9): 5011-5025  htips:/doi.org/10.13801/j.cnki.fhelxb.20230110.003
MEAIREE T i T YRS T LM B AR B 5 M BH N 7 2 MR

Long—term mechanical properties of carbon fiber reinforced vinyl resin composites in hygrothermal environment

BAMEFR. 2023, 40(3): 1406-1416  htips:/doi.org/10.13801/j.cnki.fhelxbh.20220509.001
2 D PR TER G 3§ B ORI B PPRMIHE B4 T 00N i BRI vk B

Friction and wear properties of hollow glass microspheres/ultrahigh molecular weight polyethylene composites under low
speed and high normal loads conditions

HAFRIER. 2022, 39(6): 2649-2660  https://doi.org/10.13801/j.cnki.fhelxb.20210720.001
FIRARE T X AR A 4~ AT A B IS S PRI R 32 1 S M S S R B i

Effect of service temperature on quasi—static failure of aluminum alloy—carbon fiber reinforced polymer composite bonded
joints

AR BEAAR. 2020, 37(5): 1088-1095  https://doi.org/10.13801/j.cnki.fhelxb.20190708.001

TRARIRET T 2T YER R RS2 S PR S VR REDF T

Fatigue performance of fiber reinforced polymer composites under hygrothermal environmentA review

A MR 2022, 39(2): 431-445  https://doi.org/10.13801/j.cnki.fhelxb.20210828.001
FLEBRFR XTI EF 4/ JE o652 G M R AANE RE S i A B E AL 5

Numerical study on the effect of void content on hygrothermal performances of carbon fiber reinforced polyamide 6

composites

A MR, 2023, 40(2): 1154-1166  https://doi.org/10.13801/j.cnki.fhelxb.20220318.001


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20241008.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230110.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220509.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210720.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190708.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210828.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220318.001

FRREMGE AT, FRELHINGEE



§é$j*4$*ﬁ Ea2E O FSM 8 H 20254

Acta Materiae Compositae Sinica Vol.42  No.8  Aug 2025

DOI: 10. 13801/ . cnki. fhelxb. 20241008. 002

HEHSERRR TR TRTHEIE2ESHE
WEEFIT A S EmLE

> 1,3 4 1,3 ) *1,2,3
(LWA/RIETAE RS HARTREABE, WA/RIE 1500905 2. PUJIIRE & FAR TREE R E A 50505, Ui 610065; 3. M /RIE Tl
K Gk TREK AR SR 205 T S S0 5, R JRIE 1500905 4. K = MR 4k I 2 A AR AR B L, N 213126)

W E . W TREHHSEMELS A BRSE EA SR, TRERNE IR F e S %A
& . IRETHER SR A A IR (CFRP) & A ARG fm i s /8, LR =R . vl =R, =iRaEe
PR T BT B i BE i S BE HbERE, /E8 TR BT SRR R e v T RS M IR B ar . AT,
WF5E T CFRP JJ2- Pk RE R AEAS Mg 2 . W shall 38 . AR TR Rk Vi ¥ S 1R A IR A% T30 T B4 T 5 B 4
MLl BFE R, RETESHETZ, CFRPARBINE O B/ FEgmW IR R S mE, FHBA BTG4 iR &
LU 5y Z G . CFRP BRI S Bk RE X i 2 A BURR,  FR T 00 1 o B A R 82 R SR T 7 A R B VO 7 5 IRA%
BEESE — Wahl g = KW EmE/N, HEFRSFRM T XS mEE, Sk TEREE. 5500g
AL, 73 2 000 g 32 BE B 351 R R 98 B 43 BB N T 155.9% Al 111.0%, 3 R T & 6703 T 00 10 45 4k /
W R Lk A AL, 51 R E RS SERA L, 100°C F1 120°C IR EE T CFRP 453 % 4
BN T 72.5% F1109.2%, JHE T il AR T 00 P02 B B ISR & s, Sl R MR, R4
fifi CFRP %A B B 55 S0 o e Ah, T SR AR I Tl % CFRP BE4E R EUY A B B N T 20%), JuH:
60°C KW T H R REUVIE SN T 13.4%, X J& M T /K20 T H0 1 98 Sh AE A ECHAVE Rl /b T BE SR, (R 2
A BRI ER S 120 mm/s R CFRP B 118 R4 60 mm/s B T 77.9%, AP T4 KR Z(f CFRP 3%
A R TG A —3, SEREBHRE L.

KR . BRAARRE AR BPIRE T JisAbeRE; BREAT R BEMLGI

FE 4y S TB332 XEKERERE: A XEHE:  1000-3851(2025)08-4604-12

Study on friction behaviors and wear mechanisms of carbon fiber reinforced composites

under load and hygrothermal service conditions

XIAN Guijun"?®, QI Xiao*, GUO Rui'?, TIAN Jingwei™"**

(1. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China; 2. State Key Laboratory of Polymer
Materials Engineering, Sichuan University, Sichuan 610065, China; 3. Key Lab of Structures Dynamic Behavior and
Control, Ministry of Education, Harbin Institute of Technology, Harbin 150090, China; 4. Yangtze River Delta Carbon
Fiber and Composite Material Innovation Center, Changzhou 213126, China)

Abstract: Metal materials used in marine engineering structures are prone to irreversible damage such as corro-
sion, wear and fatigue, which seriously reduces the service life and safety reserve of structures. Carbon fiber rein-
forced epoxy resin (CFRP) composites have a high specific strength/modulus, especially in the high load, washing,

high temperature, high humidity and other hygrothermal service conditions have excellent friction and wear
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resistance, as engineering materials is expected to greatly improve the service life of the marine engineering
structure. In this paper, the basic mechanical properties of CFRP as well as the friction behavior and wear mechan-
ism under different applied loads, sliding rates, service temperatures and water lubrication were studied. It was
found that based on the vacuum perfusion process, the failure fracture of CFRP plates showed that the fibers were
tightly wrapped by resin, and there was no fiber agglomeration and fiber lamination. The friction and wear
properties of CFRP were most sensitive to the load, because the tangential displacement caused large shear stress
at the interface between the specimen and the grinding ball; Service temperature was second; Sliding rate was third.
The influence of water lubrication was minimal, which because the water molecules increased the distance and
eased the wear degrees. Compared with 500 g, the wear rate and scratch width of samples loaded with 2 000 g
increased by 155.9% and 111.0%, respectively, which was attributed to the irreversible debonding damage at the
fiber/resin interface under high load conditions, leading to severe delamination wear. Compared with room tem-
perature, the wear rate of CFRP at 100C and 120°C increased by 72.5% and 109.2% respectively, which was
attributed to the fact that the elevated temperature condition caused the epoxy resin matrix to change from a glassy
state to a high elastic state, resulting in excessive plastic deformation of the resin, and finally obvious fatigue wear of
CFRP. In addition, the effects of sliding rate and water lubrication on the friction coefficient of CFRP were not
obvious (less than 20%), especially under 60°C water lubrication, the friction coefficient fluctuated only 13.4%. This
was because the lubrication function and heat dissipation of water molecules reduced the friction degree, and only
slight abrasive wear occurred. The wear rate of CFRP at 120 mm/s increased by 77.9% compared with 60 mm/s,
which was attributed to the inconsistency of surface and subsurface deformation of CFRP due to the large speed
difference, resulting in adhesive wear.

Keywords: carbon fiber reinforced composites; hygrothermal service conditions; mechanical performance; fric-
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Fig.1 Vacuum assisted resin injection molding process diagram
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Fig.4 Shear fracture morphologies of short beams
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Table1 Thermodynamic properties of CFRP under different wear service conditions

Service condition Ty/C Storage modulus/MPa Loss modulus/MPa Loss factor
Pre-service 137.40+1.68 36 358 11 434 0.3145
2000 gload 131.93+1.24 32431 7135 0.2245
120 mm/s rate 134.51+2.46 34 632 9129 0.2636
120°C temperature 138.14+2.45 37 542 10 752 0.2864
95°C water lubrication 136.85+1.24 35214 9 665 0.2745

Note: T,—Glass transition temperature.
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