Hans Journal of Nanotechnology #K$:R, 2025, 15(4), 101-108 Hans X
Published Online November 2025 in Hans. https://www.hanspub.org/journal/nat
https://doi.org/10.12677/nat.2025.154011

PR 4EIRE S SN R 2 XEBHIIEEEREA
BB R

SREIR', BB, MBS, £RZ, RERR, LEE

MO EAR A BN TREEBE, WL fH
TSR PEA R BB IR A =], WL A
WL DEBARAR, Wil M

WekE H . 20254E9 H12H; A HMA: 20254E11 A3 H; KA HM: 2025411 H14H

HE

ERFEL B, FRUEEERT, BEMRBRENERER. RIABERMLINSILEKIZ
DB, BRETAENTRE S FRL(CFRP) R SZHL B ARKI SR B . A SORMER I 45 ] FEHEZOR H I CFRP
R RESREMESM. REREANEFNVEMRERE PR, MESMEH TR
FPREZE, BEATFIEELIRRRK. RE—BHE, #1497 RIEEISMEAELNE. &
SCNREATR TREIILA, BN 450 B i W3 ) GHlEms, MRK A RRERmA 5L TR
HRARFHEEGNS, SERETREH], FIHZEARIERNT GUHIE L ZERES ZERBBA LA
KNI SRR, ARAR SR RIS B SRS GRS %

X in
merdE, REWN, EEH, B3k, REYIE

Research on Automated Radial
Braiding Forming of Carbon
Fiber Reinforced Composite
Safety-Critical Components

Yujuan Deng?, Binqi Yao2, Huifang Ni2, Xiaoyun Jiang?, Menggang Yu?, Haijun Mao3

!School of Mechanical and Electrical Engineering, Quzhou College of Technology, Quzhou Zhejiang
2Bozhou Rongsheng Environmental Protection Technology Co., Ltd., Quzhou Zhejiang
3Zhejiang Guanwei Construction Co., Ltd., Quzhou Zhejiang

XEEH: KM, ghita, REF, ZRs, KEW, BEZE. RAGEEE SMRL & aA N E R g 5 o)
WA T[], 9K $K, 2025, 15(4): 101-108. DOI: 10.12677/nat.2025.154011


https://www.hanspub.org/journal/nat
https://doi.org/10.12677/nat.2025.154011
https://doi.org/10.12677/nat.2025.154011
https://www.hanspub.org/

ML 5

Received: September 12, 2025; accepted: November 3, 2025; published: November 14, 2025

Abstract

Against the backdrop of the automotive industry’s transition toward electrification and intelligence,
lightweighting has emerged as a core pathway to address range anxiety, enhance vehicle energy effi-
ciency, and improve dynamic performance. Carbon fiber reinforced composites (CFRP) serve as a crit-
ical material in achieving these goals. This study focuses on two types of CFRP safety-critical com-
ponents with high reliability requirements: wheel rims and high-pressure hydrogen storage tanks.
Lightweight wheel rims significantly impact vehicle NVH (Noise, Vibration, and Harshness) and han-
dling stability, while the structural integrity of hydrogen storage tanks is vital for overall vehicle
safety. However, traditional manual layup processes suffer from low efficiency and inconsistent qual-
ity, hindering the large-scale application of high-performance composite components. From the per-
spective of a senior R&D engineer, this paper analyzes market drivers and manufacturing bottle-
necks for carbon fiber wheel rims, elucidates the principles and advantages of automated radial braid-
ing preforming technology for composites, and explores its potential as a platform manufacturing
process in industrializing safety-critical components through case studies on wheel rim development.
The study also discusses future challenges and provides manufacturing-side insights for investigat-
ing composite component failure mechanisms and protective technologies.
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1. 5|8

LBV E N PR W IETE A I — AT AA FIRZVA 4, X B R B “RRURFE AL A “IREE
PRI X KAZ LIRS 1 3L RHES) . EXFERE 5T, 4575 % (Battery Electric Vehicle, BEV) LA LM
KL HLBYR 4 (Fuel Cell Electric Vehicle, FCEV) I T2 1% 3 IEAE LU N PR R . SR, 7EIX R
BRI B R R, — AN LRI AR R RISk, ARSI B S A7 5 0 B il SR A A o =
. X TARSRENS, HEMRGREIZOMEERMETIEE, X T 2R IR kU, &
RS R GNAIE [FFE R ThRE . IXLERe B R ICI B ERIN, BN T AW E R LR IR T 1) E 22
K. Bk, BEMET BN TIRIHRESL N ERE . R RS EMERE R S FTIE, W] LAY AAE AT
EMRERSH T, B EAT AT SUS T 7t S 2K M E S T B eiBEEoR, #ilan 3 2h4F4E
i (Automated Fiber Placement, AFP) [1]. =#4Egn et iR (2], FF HE S 2 NESEBERFB, WA
IR BRI, KRS Z A A T i R S5 R R LEE . 7EEN, SR
W 5E AL FORRHIT I E (19 51400 N I HEE, ) sk ke A B Sh Al 2R A M RE TN 5 22 0Tl 1Y) 58
BHARER.

TEMZ TR G, AT HEFC B AN TV Yt SO R HL ) 32 B Ak 5 2540 22 4 36 00 B Wl oty 75 SR 4652
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W, B BARRIE I FUN R (3] [4]. BREFUERCIBIVE NS T LR R D ALRAR 7, R B B A%
SO ZE AR R REARVERE . T IV AU S UMAPE M S R R B, HEEM R AT M. 2, XM
KERAF P BERE K LISk — B2 BME ST L& R T EERE . A S iE — B 7 AR A VR
HilLy o XM QA BERT 7R N A, T H TR S 2 E A AR E M, R o A
Wi 4T 1 I R RO ok T BRI Bk . I LARE A EERE, B IR AR B I AL 2 ] 5
g EE, HR RGN DURENRE ], PR &5 R B pa /D B 5l 22 40 T e
REE, AMIEAIIN 2 & AT N A RERTH ST AR . RIE 7R Ash e R, BN R (g
Hil3h R G5 I FAR, BeWS 2 BN TR AR AR I AN T B THI I B P AR B I ) o IXFE—2k, B RSiHAE
A ROk B BT Ry, 3T e 2R A ) e Ak T i& 14 (Noise, Vibration, and Harshness, NVH) 5 #:$%
W S, ST AR ), ARk e . T AR IR N S, BREANE X EBRIAX
. ANRBEAN SRR, (HIHAATRE R R RIS, PR e i Bl e s 07 3R FL A7 T R R
e WA, ERESESURI S BRIz ST, EAORKZ RS RS R N E S RHE iR A .
15 % 58 O (HDPE) SDRE A IE R A5 O 53 RO FE e o 5% e 1 85 1k e DA BRI BROAS - FEAIC R i < 55
LR BEE MR IIRTE, EEM R B AURIRE F A el 2 R BT K, Eagase L2 5k
] P T W U Bkl o K S FE S A AL, A B TR 2 N BRI AR BE I, %1t HDPE A 4R 5k
WIRSE(122°C), 25| KNATIGAR B, B GE <2 4. Bk, SORBRE A B OC R B AR R
TR B R AN NRE . EAEENZ, UMM RIEMEIN . Wi, L2 RSN LN LA
IR G ) e B, 2 R VERE R BT AL OB B R o AT 3 SR P A AT RE 51 & Sk AEE
MER[5]. FTBL, B3, @kE . SRCRIHIE AR, X ek RARS. Wk 1 s, £
F IR R 2, ARG R B R A LD R R 2 R ) 8%~9%, B N - HME— 5 I
B 2, FIN R E P A (AR BMEE . RERGN EER Y, IR SR R Ex T
RS VEREARTH IO RCR AR H WIS, ZEAC M sl B B0 2P e A 5 4R % BRI, n B8 T 244k
Wb B 25 it B A 5 BURR 73, DR &M AL R B AR R T i e sz, A ST )k
g G, BiEmE. 2R XESMEUYE T 082 2R BB 5 5T 38 8 B 5 o B R R
BT R -

TEA BRI GEn s 5 B REIRE I E =T, BREMNEZEE ORI LS ER . e
Y3 5 5 S RHCFRP) FEAE FLAL S B LU SR BE AT EU R B, 72 22 4 S B AR (e T« 915 8 4% ) P 82 o e B0 L
BRI 7. SR, A GE 0T 08 2 B B s A T 2ME LLORIE 5244 J LAy 45 44 A B0 o B — S A A 7 R,
PR 7 CFRP 7EVRA AU RN . BRIk, PR —Miss, Baith. @& TR 2% 2 Ak hliE i BUY
BRBAE AT .

Hl, &5 4 CFRP #4F 1) H AL AR 3 20455 B 3 U(AFP). £F4E2i5%(Filament Winding) PA &
AR B ERZIARABA . AFP (Automated Fiber Placement)Fi ARTE KA, #hRARLL /NI 454 LRI H
o, BeREREIAE M LI 4EE ), (HHB& B it XA M A o P AR R Al BAR P RO A IR Zise
AR (Filament Winding)id A T H AT @ Fe 0 v i) (&7 88 JUAT 4, 40 s g 45 o s AR Bl il (B R AL IR 4250
R SEAEX PR AR A TT O R aE My, AR 4R B AR IR HME RO, HME DASE I B IR e S R =47
[F) PRI o

MET FIRHEAR, BHIMERRMSEE ARG =R PR AT 4 DB =4 g5 (n = m) . DY e B
BLZ N EEHN)HAT IR, HAYBESNE . Jior BRI PITES 2 B E 52 T, O TR 224 R
PPEREE ., ASORIRTHER R ST, R B S AR 10 g A BOR 3E R 2T 4R 8 5 2 S 4 k2
A RAREAAT B0 FAE G RATAT I, I H A AR R Rl ) 3t BRGNS S
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Table 1. Basic information of typical new energy passenger vehicles

1. BAGREFRAEEAER

FEAEARER ZH FRHAG R ZH
AME R K (mm) 4765 M ARVFIMERH =
HMER R ST %8 (mm) 1837 Al BB T 2 B (km) 120
AMER T i (mm) 1495 HEEL/Th# (ml/kW) 1498/81
BT Eke) 1995 2 ARG H A AEE (KW -h/100 km) 15.3
A5 (kg) 1620 PRBHH FEE(L/100 km, B IRZ) 3.80
I 15 753 (km/h) 185 fiti e he B PP A R & i ith
(R EES TR/ RS 3 1 B H ALY KGR A5 B AL

IR 7)) B M LIS {1 T 26 /4% 1/ 4 (kW/(r/min)/N -m) 145/16,000/325

2. Ak RIK

ERRE MBI IEA T g K, B RER SR, UL Koenigsegg. f H45 JyRE T
ZER DRI I BRET e P, IRUE T AR BRI S1[6][7]. AT, HEERHiEmASEET LR
(Hand Lay-up) L &R EMBL, MM T TP KM BB G . ZLEmBERBA L, HARAME S 24k
VNI : B5e, T ERIBENLIE S EUR SRR B, 42 0 1 5 [0 R e LURS R 1, 3 AR )
BeVEREIO B EL, BTN T X RN R R SR A T AT A M Bk, 2RI
I T 5 UG B0 2 P 2R T SR PR AT R . BRI A P R TR, TR 8T 5 o
A KRB, MORERI @ AL T 70%; &5, % TR SN0, E RS LS E R =
WA, T T AL X LORE A SE B AL B 2T 4R A2, BRI T S5 RITERR IR A% . BRI, TR R A 3h. midk. miiE
(IR AR, SR HERNBR LT Y SR B 1 P Ml Ak I S 13 R SO LRV N B 98 (K — H B4 (8] (9]

G T LBE L ZHH ARURIUE E IR S A L, B Z I T 7 5 o454 5 1
Bbo H1T T4 U7 T LRI AR bt DA s 4 IS & 52 A T, 0 4 S BT 4 4. R e A B
BARIR L, X SO R R TE IR A R TP AR A B D B T R Sk o R SR 7E 3% B S A A AR A (A
A5 L A7 T o o 30 2 A A ) B e o AT (U ZE ORI, S R £ B AR R AR S R, W
KHNFEAR T BB IS5 5 A AR IR AR B RS S BEAh, X T iR E O, sz 5 8K Z ik 70
MPa B 5 5 (0, AN R £ 2 4 o7 BR B8 A 25 30 7T e S8R B R WA, AT B TS 7E AR
ER10] [11]0 XA G0 T 2813 7= S 7E B R T A2 7E RARABRIG, 150 EL7E 2 W BI% (I 1
J34 BREE L W) AEA R R (R RO AT R . TR S SEUR S BT AR AR IR 121 [13] PRI, E 3
s RAR, THRRES M EIES: . TR 4B 2 = e BRI R eix — R AP P 5 1 5
KA.

3. BbEAR

fEAZ AL T2, Z4RmAHAREIT 2 RO NUE T H L FE . %, Bl — N,
TSR AT AE I 2% 2580 . FOMRRI R AE T, AR 4EdAE S D7 W(Z )T U BB, TR 1 45 7 4t
SES PrhE AR, XX T AR 2 S A e B S U 5 AR R R AR R R E . 4
147 W ZIHL(Maypole Braider) 2 F T il i 15 2 #H 7= i, 1042 1) 2w 2 L(Radial Braider) ) & fy PE7E
THITAH S BRI I B R g 20, E G R B0 e B AT A R L B, AT REAE S U UG S AE 4
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Wl M Sk S R AR AR [ AR ISR T, S 1 LR B R A R B

S e T G 2R U AR A% D AE T30 S8 T 2B B TR 1, XAl e 2Ry 52 8)
PE LR R 2T 4R RO G SRR 05 A s G R T R s R TR R T SRS £ 4R 7 8 AT T S 4
THERA SRR S BRI S s DA el il S 458 2R G oxt & 20 A AT IR SZ 5K 0 PR ], DLARALE T3 B2
PR TUTAS B < A B S B 2 i S R IR B4 S0 1k o ey, 2R g 2 BB AT R S B A S A2l )
BAt, Blhn, w7 LGB DR 2 ORI 238 55 5 M

Percent Braid Coverage = (2F —-F? ) x100% (1)
NxPxd
=—F (2)
sin ()
| 27x(D+2d)x P
a=tan || T 3)

Horb, FNRMPRE, NADEGRE, P AR, d RAHRER, o AREME, D ARWIVEREHE
1, C NGmAPIEH A . XX S AR R ], B BRI I S B IR 2T 4 g S 45 4
A2 160 G ZR A S e HRy AU S A Vit BEAS 5w AT AT 2 SR LAE 1 36 A A i 52 2% ot i B 288 3 PO 5
AREERG. (ERCREIHIE T, S0HE 5 505 10 I 8 XCIOR A 8 25 A LT AR 0k, 5 T4 XE DA CR 4T 4 TR 84
A 17 2 ZRATL U R ek 2 b 3 AR A P (R3S 3, SEBIL AT PR ARDAS ik B A LR S5 4 80, AT R — A Je e
R AR TSR . X RS AR AR EAEZ 1oy R, B AR T TR R p b e ) K
FiAFtn e KT IS E I T, H PRI E LA B B P KOS X, AR AU AR BE s SEELZT
UELEB AL RORETESE, IR IFELT 4 S8 h B3 S o A, D UM AR 22 A R REdR At 1 vl SE R .

3.1. ERJUTHHEN TZ 8BRS 2 XITHIRRE

IR TR AR B AN 22 e i A X I B AT 25 AR i RS B AR AIE . (R GG — S B S0k
ENIX LAY, K G PR YR A BRI it ABFSUR T R T AR FEARN T ES
KA TT AN 7 XA 8l SRS«

SHAUL: B AR ELSEEMDL K ERBSE, GG 0N, HEAR KX
AR A S B .

oy X P KR B PSR AR 2 R A X e AR R XA B 2 e X = A R X A
DI TUATRE i, SR R B G S0 £ AR 2 S 8 il 2 R U, ST AT 2 AR R B B R T 2 DX
B ORI DA ) £ A S S e R R

3.2. XETFRGHIRAER

NSEDLERERE . iR E PRI BB, TR T ML T R S

P& N P R BR AR AR 2R 48 BRI g SUWLIE € TAE S RIRR A, SRAZS Bt B AL A oM
T2 5| RGE - % R GUR 8 Bl A AR R AN TR AR R T LAY, S A AR AL a8 A R 13 [ B A 0
SEBR AR RN ORI T PR A S L RE P K 5152 70, T HLR O 1 =220k i R AR A 27 4RI BT B A2l
TR BRI T R ARTEAR AR (0 T fE

LB LK I AR R S8 MAVLRET, et E A R E KGR ) B R ORAIE P i
kg PRI 3R o A RG0SR RS 2 5K A [ s SN M ) s — BR 2D 2R (R (] 5K g, JeE e v o 258 2 )
R B 8% EAT PR S B0R 1T o 1% R GERT LURS B ) S B TE 5K A BUE A + 5%V W isiah, A 20t % 1
KAL) S BORBICAR T AERTAL . FLIR G Mg 224 BE B i)
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4. FF&RLH 514 gELEE
4.1. BREFEREF & SSHIELA

DNBAIEAR [P 2 ZREBORAE B ARG R BB 3& Th 1 TR AT PR S BORIL S, HIBAEE T 160 K HL3A
AR A& 1), TR T AT ISR R I AL T 20T K. Z5IE TAR LR G TRE T ik
J&IT, S A BRI/ T (FEA) RS FEIE G BE TOL N RIS 04, € LTSI TR 4k CAE
TSRO IMGNI AT PAT TESH, IR T 52 UL AT tE AR . AERER B JEEHLEA
AN RIEE), KB TN R ESINER B, SRR AEmMN . &5, TR YEBUR K
BT EHEA, SRATR @A (RTM) T 258 MO IR R 54T 5 i [ 4L

G LZWIERR T RER: SEGETEMLIL, B 208 A TR A A & i AR 2 1
LA, R 73 RO B AT REA T 348 T 28 95% UL L, JEIL T BRI A SRR AL 3. MR,
B hls R TG mEE SN S Bk, XONEEIT RALE . TSR R R 2R AL
HLEE BT fit 7 B W SR, JRIRAIE 1T S BRI R 7] TV Rk S0 & Hofth b 22 B 2 (A 1
R AATIE . AR T 2SHtirh, A ferel i Ferm DL DR SRS R X 32 0 L, Bt
TR YEm P E S . B, fEARZIRE R X, R T SRR mA, D snd
Frop itk e S AR REAR I R AR DX, N B AR 1 AR R AR e, DABROR AL LT NI . 3
RLIX AR AR 5 HE AR — VR AN 45 5 B0 SRN,  BRE )3 Y R B BRI e AR A o e BRI 57 kS
DR SE LW, A2 1) 2 215G Pl L AR BORE ) AN 7 iy b 200l A% 8 T2 o pe Pl HL 2R o st B L T i
T, IZXORAWETT CERP SAFAEMR Sk T A3 05 AR S A0 1 8 S i K S A

I - — +

| e P ‘
I | _\\_ii:
| \: | 7 ¢ ,\ ; | \ T+

b v

Figure 1. Composite radial weaving equipment

1. EMERRARE

4.2. MEEELEHE

NFE RV (U 2 Fros) B a4 43 CFRP & Rl (¥ TR B Al A7 PR AR RE DR » ASSTHEAT 1™ 4%
(K 2k e B ke T REHE: SRR S AR HIE ) CFRP A8 (BUFE A) AR LA RS 95
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T&JZ CFRP R (XM B), LARARER &GRS C). FTA CFRP SRR SR AT F HI i 14 &
AME T2

Table 2. Comparison of test results

2. MREERIIEE

PEREFRAR MAFRAE R CFRP #2[l(A) T L&) CFRP % E(B) H&&HIE(C) WHilEZEA)
RS A (JTIk)  SAEJ328 452+3.1 28.5+2.5 35.0+1.8 3.1
13 9P U RE (D) VIA E FrbrifE 1450 + 80 1100 + 65 950 + 50 80
R PR 25 FE(N-m) Tl EsE X 16500 + 120 13800 + 100 10500 + 80 120
KAF(%) oh 5.0% 12.5% 3.0% —

T2 g 25 Rl (A) FEAR T 57 DA E BER BN SRR LY AN T 4/ FE T 2, (H b+ =4 T4
ZERHR B RO R, RO R 18, HR AR RAENE AR J2 R A T AE v ot WA e 2 it
AR g S R I H SE AL TS At S Otk RE R 2 B L 21 Y/ AT YR RN 2T 28/ S 1A 8] R R L /B eD
LR 5 W AT AR AR

M2, T L&) R LU 2 8] St 4 20 2 Moy 3, 38 Hk 55 75 fin Al pf
dr PR E E R . 40 & e 5 8 (O) WIAE AR BR AT T RN B IEALTE IR Wi 2 .

R FIRPEREIOUE, UEW]E SRR M EY CFRP R REITECHE ) 2k fe b, JCH IR 55 75 i Al b o
WeheE i, BREFERTFTEREME, FFEM R Ll T aa e b, 780 I 7 izsoRER S
2 AR A BRI ATAT 1

5. G5RIB

B TCR G T B A FOEHR R G SR AE SO BT RETRTT R AL 5 45 2 X PR A% oA
M. BHRERY, HETEAGTLEELZ, RARNEAREMILAZIM. &R B 5 B i S
Ve, ONBRETYERE R i il S USSR AR SR At T JRBE AR R S TV BARBIE TERE
TFRSEBIE— B IGAE T IZSARAEIETH AR B AR A S ORI i B — B 7 i i B 1, %
FARPER AL BEE 1 IS T E R R o SR, IHESIZEAR B RURAL BT I SCHEIR BE 1 22 R 7T,
ARRATI TR0 T-Phi,  ELFHIE L T A DRk [ L i 1 2 A e A ARG 5 40 SR AR THLAS LS 1 AE
2R MR R G ASCIL R ORFG AL @A SE B IR BRI AR R 2R, R B R R AR R e . K
REENIREAT T RIRBOLF ST RGEV T PR MR R, REAR T NE. Wk bk
W, R A AR [ G SRR A REHES R B AL MR A S, SE RN T — A 24, T SE AT REURR
FRROCHBOR S . KRR, ZHEARHE S HIEGD ITENFFEPN TZREM G, SER AU
bR SR R 3 e A AR, DR R AU R . BT S0 v G DU BN . [RI,
T EHIERE SRR, Sailar I 5 NTEEER, HREMIERER “Boyrd”
M, SEHU AR IR A i BORS HE T 55 G BRI, AT AR AS 42T+ CFRP S fF A AT S e 5 22 4tk

& H
P T FH: B T H (2024K 188) % Bl o
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