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Abstract: To address the issues of traditional analytical methods, such as numerical divergence
when handling worm gear modification boundaries, as well as the low efficiency and difficulty in
obtaining underlying data in solid simulations, a digital simulation modeling method for worm
gear machining with an oversize hob based on the discrete envelope principle is proposed. A
kinematic mathematical model for worm gear machining with an oversize hob is constructed.
Based on the grid division of the worm gear tooth flank, the tooth flank is generated through the
numerical envelope of discrete cutting intersection line families across multiple sections of the

worm gear. The validity of the proposed method is verified using VERICUT simulation software,
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and the influence patterns of the oversize coefficient and the number of worm threads on the tooth
flank topography are systematically analyzed. The results show that compared with the classical
spatial meshing analytical method, the maximum absolute normal approximation error of the
discrete envelope algorithm over the entire tooth flank domain strictly converges to the order of
1 pm; the geometric error in the effective working region of the simulation is strictly controlled
within 0. 001 mm, with local residual errors not exceeding 0. 01 mm. The oversize coefficient
dominates the modification magnitude: when the oversize coefficient increases from 1. 05 to 1. 20,
the maximum negative deviations at the edges of single-and triple-thread worms increase from
—0.03 mm and —0. 04 mm to —0.118 4 mm and —0. 153 7 mm, respectively. The number of
worm threads determines the error distribution pattern; the lead angle effect of multi-thread
worms causes asymmetric distortion of the modification at the mesh-in and mesh-out ends. This
study provides a three-dimensional geometric foundation for the selection of oversize process
parameters, loaded tooth contact analysis of worm gear pairs, and proactive modification design
for wear resistance in engineering practice.
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%60 %

flank topological morphology

W 56 WA AT A% Bl 32 1 T s 18 58 4 il 1) 9 32 2
Yah itk . R KRGS AL 85 K m A
BIAEE AR WM AE R IR R G L Il 5% TAE & 4%
SRS T UK Bl b & P A L MR e
() Wi 5 BRI s o W e ) A A 0 1 T AR BRI RS T
SR AT SR AE SEPRIE AT T il 2
25 IR 25 DL S 3z # JY A D R AR AR 3 B PR 4
fioh X i 225 B v A I F I & i 4 T oE I 3 5
WG AT S B 5 S 1 R BORUGE E RT TEDRS
B A B AE L Litvin 260 3 F 340 il i BEIE 26 5 T
W T B 4% 1 0 LB A i s RE R A S 5 R
LS A3 S A e T K A (ZA) | F 4R (ZD) B BRR BR
T CT A S5 BT iy FF R, 4 5 7RG 0 9 O 11 7 R 9 5K
I F AR, — 2 S5 A A R OCE R T H
5 B S

Sy AT 2 2 Mo 1) X R 0 1 2 1 BBURR P L SR
LSS B D R AL A A HEe 8l 0 A
VG 1T R LA % e 2 5 400 i 2 fih X Ry B A 145 T
rh R T A A ) s 2 A3 A T ok 3 e T A
T2 A HE— 2B S T A i 5 27 1R 2 1 4
0 L T 1 3h B2 AR 56 E T 4 ok il
A I 3 A Sl B Xt 2 T 5 R 25 A R 3
TZ I B AR VR T B T AR — R E 35 Atk
AT T L R i e i B T 0 T2 O AR B2 N
F o %7 153 1o B RVE TT 0 43 B R AR T 4%t
i 5] A W 6 15 T I R BT L 20 A S L B 1
GO 2 b REAE AR 4G S N T BRI, . Bl Ze AR 0K T)

zkxb. xjtu. edu. cn

B AT S T A TSR, 5 4 e 5 1 Ja 30 4 fi
W 0 VR 0 SRR 3G BR TR A A 8 i
A B 2 (AGMA) bR ifE A 8 T /R J) H AR I i
5 )R A 0 e G R R AR SN RE b
T B i 55 e B R SR G T F AR T RO RS A 1
F sk e 5102 ZRIELT M — B AN T K ARV T
P ASE S DC T | BB E T A b 425 B 2 ik X o R 45 55 T2
JEO ., SR, bR B ST 22 B AR T 4 Bl e #UE % B
TH BJR AR AE 40 AT o A 4 T 6 AF = 4 1 18 7 R 2%
Ji ik R H ) OO I T AR LA

B 5 TE S AL 25 B R W 2D B Ak T &
T 320 97 A RS 0 445 T A 32 5 DA G B ek ) T
B, BRAEDYRIHARICIETTA T ZC3 ALK AT R
M A G A W EE . #6551 % S B CAD P &
WA RGBS DI RE , S5 BT 4G AR W A 1Y KR 00 RE RE 2 B
5Tk, HAE 5T SRS A
IR iz B A Ak B A Z 2 ) o 2 i TR 04 £ 4% )
T I 15 B fr 5 B & R R S, L X DA 4R
T I )25 P9 R T 25 B 2 5 1 R B PR T L AR IR
JE JUART T 35 43 B v (9 12

Shy L 3R SR (7 L1 JR BR M B RN 4 45 R
WK — R AT AT R 7 B, Jia ZEUS 4R — O 2 B
TSN A2 AR L T 8 B B 4 T A 4% SR W SR i T
VR 55 0 I A T2 b B B IS Ak £ O o A B
TR, TR AR A I TR HORR Y H B i 3
{5 BLAHESR , 958 58 VERICUT 3 2F 30 T 3% 8 2 70
b 3T 2% T T) Y B I LA AR LR . 7R R 2% ) HLE




i 10 1Y

SRR L A R B CRL 4% 10 S AR TR T e TR 233

TV 14000, BB 450 S T A A A ) M E A Y —
YT WAL s X I E A E ST T A R R A5 R E £ T
TR 58— S A 3R 35 s 51 08 4 450 S Hh T 1 b
Yo MR T A O T LA S T A AT i R

B RS R TR I U 5 AR A e s LR 19 9
NG T R B W Y JLAR TR R AR B TR S
TR 55 2 23 1) 5 2= BB SR i 07 2 gl i
DyBI A S 25 15 T f4 3000 158 22 TEAR e, Bl B X
Je 7 () B AR 45 B0 1 W A R 4 Ak A A 4R Sk 17 A
filt, Sohn %77 R Gt it Ak T VR D) il 38 A 1% 22 % B A
W 8 JUART T 4 14 W 25 5% W) s Dudas™ i B 8508 55 1
Vo, SEBL T A fal i e 1 5 A3 R 406 4%
HL; Hargas 5587 @ 37 iy il 7K 19 45 4% 58 0 56wl 25 1
B R BRR T LATR ) B 1R AL G B R Y
B2 Al AL .

25 LIRS A SR G A e S ARTR
TV ST LA B JEF S AR 5 88 1 2 08 145 B
ST TS R . SR B HEAR I T i
SV e A A TET B0V — 4 A FINR AR 1 B = R AR E
H TN T B . T I A SO R — B IR T B A 4 )
Y 8 AR % e AR A T AR T v . ST
RAFR TR T) AR 2 1) 253 [R) e i B)) 4 AT, 0] i
TR0 TV TR AT 2 WO AR Sl 43 1 ik I, 58 1l 22
B U I A8 2R B AL SR i 5 KHE VERICUT i 4
INTAF 3, KB AR (1 TUARDAS 132 55 500 L F
AL JF o A a6 48 2 805 WA AT Sk HOur i 56 1A T B B
NI {1 R A fh i 5 28 1) 52 o KA

AR SCAR H R SR T ) 0% D T ) e AT T RS
HER T, B TR R TR R 0 R I ) T ok 23 AT
BRI IR G R DL BB B B BB T e R
R PINCE- 2R

1 372 W 0 VR T W AR T AR A R
thy i

W 0 AT A B S — b TR (4 23 ) 32 g il % B
LA T R B R I T T RS T A 132 Bl 2E
BFE AR, AR AR VR T T R A KR B R,
SEARBRRINE L iR, B, TAR ¢ 1w 4 R OR
R CWAE) T (i e T Ar £ o [ SE e .
Xz @ E 2 % B R Sq(Oc-xaynzn) 5
St (O -z 12y 22 ) » 53 WIWE R TR TTFN T A 1 48 %68 8 1k
B, W ABFRR S.(Oc-20y.2) S (Oy -2y ywzy)
430 VT 0 AT 5 W S TR IRES T L Bh Ak b &R TR A
Mozoz, S 2y oz AN TR D, SR R

zkxb. xjtu. edu. cn

Sc S, AR FEES B AR R Sn \Se 709077 HEHe
Qoo o X T AL Bl AR BR AR B 23 (6] 1 0L 22 2
HUG R ECFUNAE M S iE— g o E R P 1 ]
BRI B A LK T, S O 2k 7 23 o) $52 T
A

ﬁ//// ,
L %
£

P15 T B 2 A

Fig. 1 Installation model of worm gear drive
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Fig. 2 Tooth flank structure and grid discretization mesh

division of worm gear
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Fig. 4 Tooth profile of worm gear on a single section plane
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Fig. 5 Comparison of tooth flank normal error between discrete envelope algorithm and analytical method
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Table 1 Geometric parameters of worm gears
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Fig. 6 Simulation process of worm gear hobbing

BT Ca) 4 T 5 CAD S A S5 v 45 750 (1 el
T 2 O Fy RS B Y R o 45 S R
FMAEHE S A Solidworks F A4 AR 4 8 H A — 4
AR TR P 32 252 0K 0 o 2 o K 0 ) 1) 23 A1 14 22 2 AT 1A
VR Y2 AR DA 30 S G e R BOR A O
T ) O Rl = 2 4 ot L O X G A A D AT A
B B SE ARV e o T ST PR T U FE A [0 AR S
PRV i S5 F 25 00 A IR 22 4R 38 58 R AT B 91 DD Bk
MTTTE = 2B 1 hoRs o M s 48 B9 CAD SE 4K
SRR,

PO AT QO I N S O d P
VERICUTY. 6 #f i il LK iz 3y 2 46 8 I T Jig ke

zkxb. xjtu. edu. cn

AT . 5 B RN T 7 11 2 ) I 16 3h 2 R
JI AR 1) 5 ARG B A R T ) e RO BE EL TERR
AYTEIGY B8 71 3 505 WA 5 T [R5 5l %) £ 467 B8 388
W A/ A, THEET 32 %38 0 U A E S5 BS AL 3h
Wi = Z,/Z "KW . SIS HGE 2 T E T T
A AU T BRI A R . DI g U LR
Auto-diff BEHCKE {5 B4 T 5 R iE CAD #8147 100
JUAT BT o Ay e L 4 R 2 U0 ) 58 4 7 1) 4. 2% 3
R 2 WE AR S AE A 25 BI{E R 0. 001 mm, 737

R ME 7 P, HER L, VERICUT #8445 5

Ao 30 118 i 1A T 5 o R A AT TR AR RS A3 X I A 15
z%iﬂJ/J F 1 pm, AUAE R F A A A T 55 BCIR R V) 8%
B iR2Z220 0. 01 mm, 7] GE& H T 15 1 78 CAD &
Ak i i T 22 R O ol e ORE 7 A Y R 25 i
FH “%%EU%zlxj‘cﬁ?f%ﬂzm%iﬂbniﬁﬁﬂﬁﬁ
AT B I T A 0 o ) R S D

p ok f
n‘li'h".i‘ﬁéﬂil "N

WA R A T O

Ai/RIEST
—T

e HE A

() R CAD S AR 35 ofi 455 20 44 g ad 72

Y/ pm K1/
I20 ™20
10 10
8 8
4 4
3 3
% 2
=o 0o

(b) B 58 5 T i 22 =
F7 e I A S R 22 A A

Fig. 7 Simulation and error analysis of worm gear hobbing
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