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Integrated Forming Technology for Manufacturing Wooden Automotive
Exterior Models Based on Five-Axis Linkage Machining
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Abstract: This study presented an integrated molding approach for wooden automotive models using
five-axis simultaneous CNC machining, in response to the pressing demand for physical prototypes that
are efficient, economical, and environmentally sustainable in design validation. High-density fiberboard
(HDF) was employed as the substrate, and a full digital process chain was established by optimizing tool-
axis vector control and tool-path strategies to accommodate the specific characteristics of HDF.
Furthermore, a “material-process-machining” synergistic control system was proposed, grounded in the
performance attributes of HDF, enabling the integrated high-precision fabrication of complex-curved
automotive body surfaces. This approach effectively could resolve the long-standing bottlenecks of poor

accuracy and inadequate surface quality in machining wood-based materials with intricate geometries.
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Application and sustainability assessments revealed that the machining cycle was set at only
2 700 minutes, resulting in a reduction of over 60% compared with traditional clay modeling. The total
cost could be reduced to one-third that of clay models and two-fifth that of resin-based 3D-printed
counterparts. The change in key linear dimensions of the vehicle contour after 30 days of static placement
was not larger than 0.3 mm, demonstrating outstanding dimensional stability. This rigid prototype
solution offered high repeatability and was well suited for rapid multi-scheme iteration during mid-stage
design, batch validation, preliminary aerodynamic evaluation, and high-end display mock-up production.
Notably, as a recyclable wood-based material, HDF could facilitate a paradigm shift in prototype
manufacturing-from consumable materials like clay toward a digitally traceable, full-process, and
environmentally responsible production chain. This work provided a practical reference for the
integration of intelligent manufacturing technologies at the intersection of wood science and automotive
engineering.

Key words: automotive exterior model; five-axis machining; high-density fiberboard; integrated

molding; coupled control system
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Fig.1 Illustration and image of machining equipment



531

KA AT RSN N TR BRI — AR B BRI 5L 79

2) FEALLS : 4B (% F] T-SCAN
hawk 2), Ot R LB+ VK-X200), FI
FERE B A4 (TIME3200) .

2 BFHIZHEME

BEREA VR ZE SR 1 e 2 — R4k D T
% T Siemens UG NX #AF #6252 B B A4 T2
B, AL ZME (computer aided manufacturing,
CAMD. JIHgSRBsHIE 5 TR 2], BT %
SPEINVAOPAL P oK - RPN TR R TTo U a2 W
AT,
2.1 N EARSP A AL 46 S5

PA— 2K CHL 2% 3 B0 2k BY R AIE VR AR N SR B
SEMCHAN ST AR i T B AR, a2 Fras o
BACRA 1 L 1Hf], A RSH3 800 mm (K x
1400 mm (%) x1 830 mm (&), A {05 it
BERE M RE: KNP (242 R=
200~300 mm). ZETH (R=176~500 mm) . ] [l g2k
(R=1 200~1 700 mm) . ##t (R=120~600 mm) ,
X T B AT I RN T 4 R R K

2 MIBRREINMRE =% ER

Fig.2 3D exterior model for processed target vehicle

2.2 CAM LEZHEI

BT WAL E S ) 3D AL, JF R CAM L Z#
R, WA EFEIN T BRIy 2y Bt
571 RS HIE « Horr, hn TR Bk o vk N T
PRI L. RS 3AME, KA “HHEER. &
SR WIS, BRI TS S RCR I
2.3 JIERSREEHIE 5 TR B

T % SR IR A A A S B 2 il T R R B N L
Wiz 0, 456 HDF A BRI S8 il T RHAE

H R )BT, R E W, Xt
ANTRLIN T B 22 54k ) i SRS

D T R A& NS AP RNE . dEd
S M A R R S, SIS R I S
VIBIREE, REFEE MYIHI 8, BEReTR miA k25
PR, XREA ORI JI R . RN T H bR R
LRI ZR2MEL, A 0.8 mm PAE I TR,
KA E R G 7 30, 8 AR T M AR AL
SEVIH 1B E, REFE T EESLVIHIRIRES, W
TR

2) PRSI SR 3+2 8 Bk b B St o T
SEERNE, WSS AR ) B, RN T
SR E MR RE, AR 0.3 mm K In TR & .

3) RSN SRA FRECH I T, fi) R
1 1 T D) AT 50 B R iR S, W 3 B s
BT WA BAPE R AR . S i R A ) i
i, PR — BRI T R R Tl R o
ks

E3 JIRAHMETHEEDHERSRE
Fig.3 Schematic diagram showing the slight swing of the
tool during curved surface cutting

2.4 HET AR B E N ) R R AR R A

0 b R e A ) A S I AR % ot D vy N T
Kb FIEZO B ARE N T i 5 X
2240, ShA BT BT M, )R E
T2 i AR X P T I, R RS, AT
e i LR L B ALK IS ShAa 2 1k

D BUEBUAREM . R TSI T, T
REHHE B FAEE S AR, JTREZES
i T2 [0 R R AR R 4R 5 TR R SR Ay U ABEAR 6, T0 A
2 R T R R R R A, B 4 TR



80 AMt R EEA 40

=8 SELE 1 b bR B0 S /MR 48 0 ik 2R B R AR
SR | B L i fh RIS L LR A A

\/\ }(éﬁﬁ \ minZ(Vi+1 - Vl.)2 Q)]
L F &M ORTHifMhAe[3°, 8°]; @Hif
6 e [0°+5°]; @ AHAE JI AL A 18] T b A 5 A 4K 2
<0.5°/mm; @ T]HR-THF.
2) BESELRAR. BILsE IR E S PR,
FEAL RS, XK. JIh R E N
RIANS LA A A B

4 AEENTE
Fig.4 Definition of cutting angles

[ﬁﬂ@ﬁﬁ@ﬁ%@wm%ﬁﬁ)]5_,?@@%:%%%1% ? BEECRA: TR IRAE
% ; (A=0°, 6=0°) A=E(D)=P T (Vo P X (P P (P Prnind)
BEBHAL: ARZARRES | |
v i
AT ﬁ%@%ﬁﬁ%}5 T PN
i o : SE4 s = RBEEAHH T8 7 4
W%@$K$ﬂ$yﬂﬁﬁ$H i ff%‘ilulﬁ ﬁwi;&ﬁﬁfﬁ
N S 4
i AR WA r
W X, K>0,H>0 % sk Ad, H B ERRAEHF AR | RERTHAE |
i R B A A (r5°) |
HF W EAE
HBTRI D S TR | —
: Vericut ik
v g s H (EF . a‘m%ﬂ) ’
| R et Raa R | | ,
7 s ; [%ﬁ%mm%%%ﬁ%}

[ T4 & BRI ]g ; ‘

E5 ETHEBENNTIHREEHEERRE

Fig.5 Flowchart of tool axis vector control algorithm based on curvature adaptation

EEpsbliibona A TR i e @ I |
FH, VAR UARE X CPIEC M X
M O A XO), W6 . AR A AR A

W Af X %24 )

T [X )
K>0, H>0 AR: PTEE

N

N2 oA

S ST RN A (KRS 86 NURBS . { TEAE )
B o A ¢

P H j BE: PR
A(P) = s + (e = M) x Lo =L (2) j

— 0 X HE
. max Elpmm . K>0 H<0 C[ &EEJ
HAr A =3% 4,78 P py N I THT B 7N B K \_ )
N Y Z R AL % 4 il 7 "
lﬂ]z:':’flo 1Z@£ﬁﬁﬁf%lﬁﬂzkﬁ?lzijzﬁﬁﬁkﬁu 1@1‘ E6 9bx}m*§g!®ﬁzi§ﬁ£uﬁﬁ?§@
A CLEE G20, il 30N 10 IXIECR /N B A L3R Fig.6 Illustration of surface region division

R for exterior model



531

B T AT EAIBE I T AT BO — AR B AR R 5E 81

TEA I GE T R = e, A AR 20 T A7 s 1)
TIVHAEA A AN 5 AN RIS IME 50, R =ik B
T 2470 (1 B DY oo e B 0T 7 B 7 971 1047 S Ak 2
W PR T R i g . A ET IR R AR, itk
JEF i, WUERM, RAAREEE, JJH%R
AR HIAE 0.05 LA, A0 T B TR T
0.08", A R 2T 1 b ik I X A 5 =
2.5 fEIN TR

R T M2t FH
Vericut 1j X AF T g At F2 00 B AR E . P9 A B4 -
WLIRIZ B B & IE sh Pk, o & 51710 4
ITFEMR . 123 T &5 R B, MOk B 07 5 AN Al
AN, BEafma /IR, JIME T A2
() PO lE 48 XU o L R R 3 R AR R, R
Plertabrifidtie s B, Wl 7afR. itkEm
IR B JAE, T VISR A,
JENNTCESR, ST R WLE 7b.

3 MR-IZ-MIEEREERERMNT
30 AR RTIME

TR AN IR R ) — AR A 0 T8 78 43 25 FE A I
MEHOREMETE . B 7055 T HDF M oRHRR M, H 2
MR- T 2 TR & A R R AT In TS 800ER
k. it RS FAEHDF R RS, @2 5TE
SRR R AR, HRHE SN TR, TR
PHER R, S 2SI ks B2 . B& T HDP (144
BT Z-m THA REERWE S fix, BaiR

MPlgEE
BE
KR
B g
NEARE
SHAEHK

N LR |
: REHEE
\ BHBEHN

7 HEREMERAERIRE
Fig.7 Schematic diagram showing the simulation of
collision and machining

UERZ . TESH I TS AR & R 1A% O DU HE 5
LAHDF #4RHEBE NI HELI R, LT ZZHO 0
AR, DO TSR O St P, =& H Se e
R RN T H AR B PR EAC . o, RORLERZ o
E LZESHIATIAS, —REREMAETSR; T
SSHREREMTMRIRETER, R®EME
PERE Fe VEVE BN ALAE s I SRS 2 X TZ S 4
th7e S amte, HTEARDIEIIREN . I RRAR T .

HEATH
. ARBE
L TR EER

P AEEE

B8 ET HDF#EMFHERIME-TZ-mIH& kR

Fig.8 Material-process-processing coupling control system based on the characteristics of HDF



82 AMt R EEA

40

TR 2R A 28N RCR N Bt Az ik “ Akt
SRR AR” 5 “TZ-MTHRTR”, LI “H
R R — T2 % — SR A — ROR BIE—354K
PeAL " e B PR, —F M I, s
3.2 MREMERE S DIEI ZHU B R

LA BHERE S BN A AA T, 46 2 A TY)
HIR S 5 A B B & AR R DT T2 2 58 1 52 Ul
BN T2 4. ns Bl ey, HIn /% H B e
PAGRIUE VD HIRGE TR, A &5 o By, R 2 aT
KM E e E g, BETZSHEEME “M
BESEMZIR—ZT0, Hlas. Fedt. LY R
it i /A 1 32T — T 5 2 i [F) A — 7 AR
BB ARG AR . B I D) S
TR 5 2 H0E M, T E H T iZ 3 HDF 1
TN TS HO T %, MEHERE S DI 250
XF R AR 1T o
3.3 HETRPRL- WU O AR B A

D 23 JZ U1 S R SR K U P
(a,=5 mm) PRIEEERRE, KM TN TTHIE

{Z15min H1F15min #1215 min % 1% 15 min
(R A BH) (A BH) (BB (KA BH)

#1 HDFMRIMESTIHIIZSHMNXR

Tab.1 Correlation between HDF properties and cutting
parameters
kM RE Hla XN T 2S5k
e 5 FHLIN %3 < 12 000 r/min
Lot 880 kg/m Hi T4 : 18 000 t/min
g & 52% P D) E A LR 45 °CREH
e AN 3345 : 6 000 mm/min
i T 38.6 MPa YIHITRE +3~5 mm
HE I TiE4s -3 000 mm/min;
AN
PRI 135 MPa DIMIRS +<0.5 mm
SHEAH 0.18 W/(m'K) F A F 4 (0.8~1.0 MPa)
7K 8.5% PR F ] 50% , T G KIS 7

g (a,=3mm) LASSIEARE, KN TR )
RFE (a,<0.5 mm), PRUFFRE.

2) [EFEFE L ARBIIAIR T, 58
AN B BT %5 5 B 45 15 min, B2 HEW P 9a
Fi7R o

3) JJEEER SIS B E . iR
(1) DX 35k [ ) 486 DK A0 A 4 8, [N AR A1 2 o Sk
10%, LAKRMEDIEI 135, ik 9b s .

AT A T AT
(FHRFES50%) (FHBERT5%) (FHF100%)

a [ f # B o7

AT
460 min

10 4000 ~

#1215 min g

(B2 41 B30 - 8 3500 ;

= £

- g e 3000 <

> = 4 i

L LI E 2500

KT 2000 7
460 min 0 100 200 300

i % £ p/mm

b H 7 fA 5 0 S B B 4

El9 ETHHE-TZRES X RN ITREE

Fig.9 Processing strategies based on the material-process mapping relationship

3.4 HPUBANT

U5 BN TR M) 2 )5, F& T HDF ) ok}
Re, K0 BARAL S 0 U] B8 S HUE O B T
HOG BRI G AR, B OR ) HI 2405 HDF (1) Al
REVEUCEC, B JT R SEm hn T, ORI T &
LR e e, St OB il e it

D VESEEES: 2FFEEESA R
4, SUEFESELE 0.8~1.0 MPa, B {7 1) [X 2k () A
Ky AP HE Y, ok D HEARR T 8RR A BT
HIAFESE A RIS BIMUR iR R 24,

SR MR R, SR 45 °CH E BB
HRIEE 10%, B 1k J) 2t S SRR TE

2) WM PR BRAEAS I TS 60 min &
A, TERM WAL EE T B, ¥ HDF B B TR FE
25 °C AH XTI B 50% [ 18 I 5 I8 A 5 4 fE A
2880 min, FEHTEEBOELH AR Ay Ll
R o ZUIHIHRRER E B, M T
B 50% MBS BR &, BF 0T 15 min, D UTHI
NSy A AR E] 10 BT .



531

9K 1SR JETTUAIBEED N TR AR BRSNS R — AR A BB AR5 83

El10 FAAEKENIN THARBUS FSNUER — LR B T

Fig.10 Integrated molding processing site for wooden

exterior model using five-axis coordinated machining

4 BN TABRRFEERRE T
4.1 JREVPN

D) JUAADRE B 2R F = 4E e 4o, il
RU1207N e 2) SRTHIFE R FH 2% TR A Ao 43 )
19 Rafll, % RHUFEHBCFIERE. 3) dbfae
PESR FH 30 K il i B S IR VAN, 3 = 4EE0R
TR 5 J5 4ty = e AR RS L R S i 22, DABEAY
EEEE L NG WAE SRR
4.2 JEIEARER 50
4.2.1 JUFDREEE 120 M s, 95% BL B s
iz (GBS B SR EH bR o Z 747
TEMINE . BEEHFMMESR) HHAE£.2 mm
W.o Mz EEEREIRIBR S BRI L, 5
AT DR DR 2 DX sk it T ot SRR K, JTE D) A
WY, SBURHVIE R Mssh. JIHR R
s i) R0 3 i 2R T SO AR M AT IR E . R HE
L ) s i) SR ) X Ak, R T SCRE T e — B4
JCHH R IR SR A s T [ e ) b A R T X 3
T 1 2678 Ak Ak BB 2 00 TR e A . 1K SR T
v iR R L ESRVE/ by AN TTRO . e Ai b
%, 58 EEWR L8,
422 REFE KNG ERREHRET Ra (i
N32 um, FIHITHERARIR. Bk i o

Ve, fulserg, itk JE 348, fFERmmEEK.
245 B A3 i T TR Bh 0 T AR ) R R 4 B SR
B RTINS, R R SR R G
LRI HI DX 355 35 75

423 SifRErE BB R ST IR KA &
803 mm, RSFAagEtELys, X325 T HDF M
BHMIE S 7K 3 5 0 Tk 72 9 0 Py R g B i . 4t
PhdrllaE , BER R XITE R . BT,
DR RIIR, R BIA B 2% 9% 1) g5 H M
A R TR RN N I S R

5 HANMESHTEERMETL
5.1 LA A T

IS R, IR HE B B A AT
AN T JE A 2 700 min, AL 720 min.
K5 N 10480 miny A& JI T 900 min. i Ab HE
600 min, AL 48 SR> BN T46%30% LA b, %%
TR AR B A A ) A 4 60% LA EP,

A HSERKE, ZHEMESNTIES
A, AR ALK 1/3, 3D 4T ENRY ISR AL i)
1/5~1/3%7, R BE R MARS . X — R 5
A, BET H/NEASSHIE)% T H AR T
HAMR. BRI O K.

MATMEFE R KE, Huid N EA S8 % i
| O\ THI Ifs 5 FF R TS A PR o 7= o 2 A 8 B 11 4%
O, R ZENTEHED BT R R P SR b i 3L
R0k, 42 H IR B VR 4 T n TR R Oy R34 0K
TR ERARM, 256 AT,
3D FTER AR AR AR, k5 il 1 B e A e 34 0 5 5%
PR BEAR T /N EAR BT S0 0E 1T ;s fERUR Z
[, 2 700 min/ff 50 T & B A% Gt SR n T 45 J4
30% PAE, ATSEEL 1~2 JE P SE R 3~5 AN RRAS [ it
BOAE, & FCPUEEAR I BT T R R R R,
E, 4% HDF 544 8 5290% [ AR, 7&K 47
M R I ) R e e, ] B AR SR A BT i
g
52 NHYR

MBI 5k E, AR BR G Tl T AL
AELL RIS 1 $liEh e, g
W, VR AR TR RS AL 3 K vt i) TR RRAE



84 AMt R EEA

40k

2) ZITEML, IRFZ T RIRER L, ARFHR
TR 1 R G P S AR AR P 58 560 s 3D B
B, BeResilg, Honl Efot 5N T2 4tk
AR TN T ZHR BN, A ART A4
X CHUT-PIET PRI SIS B, &R T

FEHH LB K
it EER .. MEERESEnE, Wik

BT A S R E A B 3, PR AR B A
ROFARE MR, MmRERIA, EEARE
Bt AR R

5.3 RISl L PERT b

N B3 A HDF 0 4 0 TR R (9 9 FH e A, 6 3
S Gei e A A . 3D T BB i AR R M TR
FERE . BUA . FRORYE. B 37 e 558 48 B g AT XL,
M2 Frox. WHLEERERM, ABRZE BN T
BUZEIN TR . ARSI S R e v
FHRABERS, RILEHE T2 7 Z Pk
B HEIER TR M EEH TG
WG RRE S, —FH B RCE AN, EFESOE “HE-
YIER” VR R AR R IR

®2 AERARFERESHMERE S RO IEXILE

Tab.2 Comparison of key characteristics with the traditional oil clay car model

X L4k

AKRIF IR LR
(HDF 244 , F 480 1)

e Y
(Tlhie, T THS 1B

3D T EN AR AR Y
OBFE/SLA , S i)

% 0id
Fir Bt

TFR 3]

ok
iHRIME R
R
KK

WS
s
R
R
R

[aE=2 L EE

TRZEIE BU B SOALE PO R R R it Ty
FERTEE 5 KR I8 L At A TR < Bre A /B e
Sl

T AC P A 7 5 (12 A FE R 3~5 AR
AR
EECMESY R E R T R B E
7 9 FE N L, R A i CZ 8 46 i R
50%)

AR IR 26<0.1 mm (I fl)/<0.2 mmCEHFD ,
T A T TR BE A58 UE

PRI TR AS A e A58 (1) 1/3~1/2 (HDF
N9 80 7G/m?, TMLIHIEZ) 200 JG/m?)

I GRAT CTRIABE N SRR AT
P FEMEHANR 3 90% , 75 4 E, A (AR

oh/N A DA B A L B B e I
S

i TLAR IR I T AR TR AL B
(K 4%~6%) : T it & FIORAF IR

VIR ORGS0 AT BB ol THT B 2 58 Y 5 i i
/R ZE S T PP 5 et B R S I 42

BRI AT B I B (1~2 H Bk 14
FRASHETL)

SN e VS ki IS K S = R W E 3
B, TR RS A

i TSP 3 35 25 <0.1 mm (- LAS 18D, JUA R
PR Z40.3 mm

MR TRAS T O AR 15 B 60% , 75 5 4F
DY AL iD)

S A ) IR >30 °C 5 Ak , A iR (18~
25 °C) T HRARAT , ASH] Bl , I i5 g2

KA Al RS R TR S 4
R A

it Ui 20 0 gt g im0 . 1 L R s )
50~60 °C) s T il (R A7 25 7]

INRST AT SGE S D BERE Ak ] ) 2 4
SRAIE 5 P/ 2 B B e Y

TR PR 37 5 (3~ R 5K
12/ R B L)

EACREMEE TR, TR T &
CURRAR 2 TR 1) 30%

JRSTAS 0.1 mm, 41715 73 75 36 5 (hpe /N
fiE0.2 mm) , i&E A E A4

MR AR 5 GBI JIE 29 200~300 TT/ke) »
/LRI Ay HDF 2L ) 2~3 %
A G AN T A, 10 37 B8 75 Ll A 2
H BT RAT 1~24F, 5388

TR AR AR ] B BT A = /it
BPiNi L AT s

JGIE AL 3D T ENHL e A 2R 2% (G e/ [
A s PRI RS AT_EBR PR GEH <1 m)

6 #iE

EEXTRZE IR UE S M R A =ik
VEJR BY R IE V)oK, 57 1 s o 2 FE AT 4 S
HAB BN TH AR S, HFRT —Ex%¥
A R34 A MRS — Ak BRI B AR AR T 5 o

D I TR T S ] g 5 Tk R
ki S BT VA DAE P € kil K - RF AN i}
FLIGUE PUANIRAT, A4 IE AiC HDF 4 RHEE M 1 27
T %

2) Bt RYELHDF (2. sz, W
GG TR, WEMRERE S V) HI S 800 E
B CR, ER T ZVIH. HEHE. BE
SR SEE I TR, TR MBI R T

92— HEME A2 > BRI AE > BARR AL 7 B FIAR
WAEHLE], M EREET HDF “ME-T2-mT” #4
AR R, SR 2% il R AR B — A n T

3) IR R PR AR A
3D AT ENR IR AR TR =7 R 2257, IR B 4
MU R T2 BT AURE P R . S A

G TT BRI T B g R, AR T
e R ) 6 5 A TAPE R L 205 SO L b &
EN TP I RIPE SR B R, e N i
TEHLA ECSE I A R R A . FE . R
SR AR Al R G o HANUORIR 2R BT I i G I 1R
FLEIHBOR AR, 10 H WA R & R = o
BE & U ) B SR L SE R S %



531

KA AT RSN N TR BRI — AR B BRI 5L 85

ERP S

(1

[2]

B3]

(4]

[3]

(6]

(7]

AR, K, IMEAE, R R EIERBGH AR S RE
[3]. ATRERHE, 2025, 4(2): 46-57.

ZHU X B, ZHANG J W, SUN B H, et al. Development and prospect
of vehicle forward design technology for automotive vehicles[J].
Science and Technology Foresinght, 2025, 4(2): 46-57.

WA . AU R4 7= i SR L 2 A SR (I S [0]. VR A 22
Hiifi, 2025(14): 103-105.

ZR AR VR I Y AR B AE KGRI A 0 T S 0], R AR,
2025(7): 62-64.

QIN X L. Application research of automobile clay model in wind
tunnel test[J]. Popular Auto, 2025(7): 62-64.

W R VRIR LI AR T BT B R A R AR AL, AR AR, 2023
(11): 107-109.

XIE Y. Quality inspection and optimization of manual surface of
automobile clay model[J]. Auto Time, 2023(11): 107-109.

R R A M e B HE 2], K F A, 2020
(7): 19-22.

GUO S Q. The process optimization of making automotive exterior
clay model[J]. Automobile Parts, 2020(7): 19-22.

WRIGE S5 . BP0 LBORAE I e AR e - 52 (0. 9340
AR, 2024(21): 86-88.

EME e, 220, BREK IS, A% T G AL 3D #T EROR IR 4 42 5
AL S K2 AR [0]. db 5 Tk K 2 224, 2017, 43(4):
551-556.

YAN J Z, JIANG M W, CHEN J M, et al. Automobile body
integration manufacturing and thickness optimization for stereo

(8]

(9]

[10]

(1]

[12]

lithography 3D printing[J]. Journal of Beijing University of
Technology, 2017, 43(4): 551-556.
INE AR, BE, KL, 55 E ARSI EEE I Lol AR
RS R [, SO 7T, 2023, 36 (1):79-84.
SUN X M, LI L, LIU H G, et al. Status and development of national
and international computerized numerical control machining center
technology for wood construction[J]. World Forestry Research, 2023,
36 (1): 79-84.
BTime s . MUk E 3 AN TR ARAE R A fE A7 Mk i S (0], 354 Jn
K, 2024, 24(11): 125-127.
RUAN X W. Application of mechanical automatic processing
technology in the automobile manufacturing industry[J]. Automotive
Knowledge, 2024, 24(11): 125-127.
B, S, L5 I ) R U s sl ] - R
HIFRERT T[], B LS (LR, 2023(12): 85-88.
LYU Y, GU G X, NIE J Y. Research on smooth control algorithm for
tool axis motion control in five-axis CNC machining[J]. Automation
& Instrumentation, 2023(12): 85-88.
e T BN T 2L S R i T R T ] R
RFLEH AR HH 4, 2024, 60(3): 192-194.
YE L. Machining trajectory analysis of complex surface parts based
on five-axis CNC machining technology[J]. Modern Manufacturing
Technology and Equipment, 2024, 60(3): 192-194.
MR BT R AR S A T R LB LR R
PRALHFFE[T]. FLIER A T, 2025(18): 31-33.

(R %k A%)



