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Continuous-Indexing Fly Cutting Planar Worm Gear and Technology Experiment

QIU Xinyang, ZHANG Guanghui, QIN Datong
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400030, China)

Abstract: In process of cutting tooth surface on planar worm gear, the single-indexing form-
cuttingmethod is with low-level efficiency, operation complexity and high error-ratio. To avoid
these defects, a continuous-indexing form-cutting method was presented. A mathematical model
of fly cutting was proposed by adopting the moving frame, the majorized function was established
for minimizing the maximal error. The gyration radius of fly cutter and slope angle of cutter hold-
er were optimized. The error of finish surface in the case was controlled in &=0. 01 mm, the sur-
face and error distribution were simulated. The machining precision was tested by contact check-
up. It is noted that the red contact mark appearing on tooth surface of worm gear coincides well
with the theoretical contact area.

Keywords: planar worm gear; machining method; continuous-indexing; technology experiment

FHI X T RS T T R e 4 b B I RE ALK DR DL 3,

Vol. 44 No7
Jul. 2010

FE BN T A B a4 A D 45 o FR AR N I i LR
BB AR P P AR — S R R BB ) R A A
PR R A P R A T TR R AR L
AR R+ DR A 2030 5 R 19 70 R 2 AR T
BORORUE Y BEATBE. o Vi e LR A 3h 5 180
WM T BA E 32k DI RE A BLIR - i >R F BB Bt 7]
14 77 B A . SR IR IR B ) sliddi 0 7 TR
TR+ 7 BN LR E A AR 45 D RE . BB S5 B
TR O — 250 BRI AR 7 A9 B9 A% (MAAG) $fi 1 1L

e H 8 : 2009-10-27.
K HRBIAIL 4B Bh I H (50075089).

N T SEBF- T S R RO RO R R
THR ASCER I T S5 B REIN TR 5 OF
Xt REIAN TSR T 25 £ 47 T IR AR 23 1
e i T PR F. 2 T e T S I 7 RPN U
AT AN TI7 i R BERE T T A,

1 TR T 2 R AR R 53 e

1.1 "XKHIFEESH
- THT WA A S 43 BRI Tad B2 TR A

VEF TR/ BT VE (1980 —) , 5B WA s KO (R RO L 3B Bd W A 0. G0 H . [



96 [ I N ]

5 44 &

E ¢

R v OB Z T ) K T EAE R — R IR ],
KI5 TAFBR S 52 IR EE 1A AL N B AL 3 4 34 2k
SERH. E 1 sl PR TR RAE -4
VI T14E TAE AR R 1z 3, J& e in 1, Rk
RITHY TIE R e R B4R,

RHEIN T3 & LT L Esh . Oaikhiash,
HBSR IR — B, 80 T T A B 3 o N4
HAGEFE =1 ; QX MitAizsh, H T
AN T IR X5 AR 5O A Y0 i T CY B {51 /8
SN O°BHE AR Rt ] ik 45 8 s O m 3k T B 3.
TR | 2T H AR
.H‘\/L/¥M%

{
{
/

1) T s
1.2 #FERIR ST
F 725 D JEE - T 8 48 (7% 7 00 445 SF- T 0 AS A
A DRI A 145 T ) O I T2 4 A T Sy TE
TR TN T AR AR, ST A Ak bR R AN 2 f
.01 SITRFEK .00 5 TAEE o0 HFIHEETTFF
Wi, Ly /) Lyos WA o5 Wy Ly 3.

01} yi%j : [ B AR R 1B 075 0g 20 Va2 : BB ABFR R L IEH 045

033 y3%3 + TRBALKR FRVICH 0350025 yszs s TR ARBR 5K
1EH o011y 21 : MFEARFR R IEH 01500223022 :
I ABR R S IE R 0251« JJEIL S 5 o TAF
B B BRI 5 7 JIFFIBIUA 5 L BE B
HERFZR s, - EHEBI AR
E 2 I REIRIA Y ST
HE 2 AT N o B o0 AR AR S0 [y
M21 - MQgngMSMSSMsl (D
KM o B o, B AR BRAZ TR R s My, g DA o
@J 03 Bgﬁﬁ?gﬁ%%ﬁ%y]wﬁ%y\ 03 @J Oj E@ﬂé)ﬁ\‘ﬁjﬁ

FEFE s My A o) B o B AR BRAS B s ML, S N o
3 o, AR IR R, T BAIH 7] (HEO 18 o0
IR H
ro=ue, (2
K u HITHAH I B S5 e, Sy T TR
e
W@ (DT 6, 15 CHI B R
KitH
r; = De,, +Fe, +Fe., =r; (u,¢.2)
D = (sing; cosg; — cosgs sinysing, ) u +
cosg, (— r, +AsinB) — asing, (3
E = (cosg;cosg, + sing, sinysing, ) u —
sing, (— ry, +Asinf) — acosg;

F =—ucosysing, + Acosf
KA Mos 76 Ly LA ESEL 2] ¢ 19 sREL
a A o; T oy [E] AR ES , BN T HpaC .
1.3 RHEWSH
M =071 i ¢ 2B AN, 20 C3) BB A 1 S
B3 PRI N T BRI T Sy BRE AT 24 A
=0,¢1 B ¢ ZRFBET, 2 (3D B A 1 2 TE % F
YRIBBES Y FEREDIN T, Sy T TR T TR X
Tox F k4518 B i L 53 BE R EIN TR Q=0) i 47
G307, RIS B CHIBE AR e il
r, = olp)e, +ur (e,
olg1) = (—r,cosg, — asing;)x, +
(ry,sing; — acosg:) y;
(@) = (sing, cosg, — cosg; sinysing, )x; + ‘
(cosg; cosgy + sing, sinysing; ) y, —

cosysing, z;
(4)
3t O R 204 v oae) =0, A 7y ST
T S AN AT i BT
1.4 TKHIIMTHTEERE
55 2 A GO A L B BEAE 2 -F 1 J5 fE
m:cosfax —r,) — zsinf = 0 ©))
ro 5w AR 225 WOV O 5 i M 2. AE3C (D Hi
HRERHI R L T 2 DIz AT — X
ACHE I A AR R 22 LR I TAZ S L. B P oAy
ro b u AL S IRA P fE o, FHRHIRN HUE
KA v A P Boy BRI P Bl o, B8] 5
JS%*FEI"JQEE, FS)li 0127%(”7501 ) E’\J%%ﬁl»iﬁ‘%ﬂ
viz = v (us@le, top(u,ge, +v.(u,@e.,
B VR AT ) LK 1] A

http: / www. jdxb. cn



55 739

SR 45 - TR AR 2600 B2 RN T 2 T 2R B8 5 97

n = (cosPle,, — (sinfle.,
v T n AT RIR
Un = Va2 (s 1) cOSP— vey (s 1 ) sin
KR va AEEET 0 2 s or) B RRES, IF-Bif G 1 ) 1Y
AT AL PR vy 5 oo 18] B9 22 53 2 AN TR A 1
N REIIT R IEA

2 2RO AT E

RHIN TR A AL A P IBA% Sh A SRl T F
FR 73 BENRG JEE . I 1A T -5 B8 147 18T [ 47 A A R sl £
225, PR i AR 22,
2.1 REERE

T T v i B O AR A 1 L
WL 75V 2 25 S50 D 1 4 5 80 B 9 1A SF- T ) e
75 mCBORH X I g 1k

BRSO BB R i RS D s a4 AT
Hlr, IEILZ(H’@)E/‘JI%@&»M ﬁﬁ(uv@ ) HEAT R HU A
N AR (XY 5 Z5) , IR 5

f — APXZ + BPY2 + CPZZ + Dp
(Ap+Bp +Cp)'*

H: Ap B Co . Dp g BEIE UG- 18 5 2 1Y 22 50 1
ROHIE.
2.2 BESH

Sh6 TRECPREI ASG] HS RO 1. x5
e i TR AR 22 1 EEE R Ry FTI RV A% g
13 TIRAGIHS . i e i B B = 4. 5" B ik
AT 76 v BURAR# B IE BT o rg ST/ B
{B /o MSZMIESLANE 3 FT7R.

PR

(6)

SET Wi R UM s B WRREE

a/mm "
LB B /mm /Oy /G /() /mm

BEAMSHRS [ IEAEFRIT B R,

4 rg WOREMERS .y X o BORZEAIE 4 .
TP 4 AR rg [REANEES Sy BA ORI 4. 57, £ B
W/MEL ra R AERS fo BOB/IMERY ¥ W3S R
FEAL Bo. S RUSLIEI 20 W] I, FLARURRAE JE B ra B3
RGN R y 2 — A BB A AR A i 3 T
THT B4 o e A AR K.

1.2

fin/mm

oy, ,‘"
3

YI(°)
B4 JIRHB A X R 22 AR AE A5 R

NI 3 K 1A AT, £, BE e BTEBRBY K
TR - 0, FL 6 6 5 3% #1435 0 A 72l 4
Ly = 100 mm B, £, RO B 2 R
+0. 01 mm. £ oA g (90 B0 HE S BEAEL X T
B=0 G s ra T £ BRI B, =4. 5°
W TRARL.

2.3 RULERRHE

2. 2 WA B AL LS SN 2 . R
2 RS X B = 4. 5° U T MEA RO 20,
RN ry Ko WNE Sa Fios . 7 4 AR R ES HUS

2| 7 B E Sb R,
k2 HaEpaes
BLZOO 62:4 5O
rq/mm
/() fm/mm ¥/ () fm/mm
110 —0.82 +0. 009 3.68 +0.01

160 1 80 3.35 24 0 4.5 34

g 0.01 ‘\‘\‘\‘\Q*H
g8 - IEfmZ R E
“\\E 0.01 +%
_0.03 1 1 1 J
40 60 80 100 120
rg/mm

B3 JIARIAIEE AR X iR 2 M A A5
HIT o B g BOBE TR/ CRE 28 X ED 5 DAk
AR rg AR TW/NINTARZE. 2 r [BEANZR fi
BAFIES 2 AR AE, HA X IL-TP A S I, RS

HII&l Sa Al AL LB T o N HOAR T AR ER 2 it
%W r, 5 o 2L HE 5b ATAL Ly RS E] 1 1Y
PRSI 0y lu i T N BEE w W3, Lo B A
B IR EIER T, Lo i n Lo BRAS R 7 9EE
BTG IE Lo 83 o BSOS I e KAR ZE 00 T La
Lo b w BSURB AR A 7 o BV iy 2605 T s T o R0 24
b=34 mm B}, f ¥&£E 0. 01 mm AL HEAN.

3 T2

KR 2 AL s R X 24 FE R EI i T
T ks suE. T2 E—& Y31125E & ik

http: / www. jdxb. cn



98 g % X

5 44 &

f/um

-10} =
-15}-

ol -12 L | '
-128 -125 104 106 108 110
V2 u/mm
()M TR (b)) B8 HAC A 381 FHR VS 145 1T P 25

La~La SR LR TITIAE T A0 7 48900
B T 1Y 7 S E R
K5 TR K R 2
MLESE T ST g =0 TS, RITAY e i 4 T
2L 6 BN, B E TIRFAE 2 K- IR R TR e A
TIFFRNEAL T By -By -1 5 8 CITRTEJIAF B R
WEEZT) 13 1 T I B3 O, BEEES R s
2% O VAR TIHR  JHHE Rl y=0. 82°0. 02°: 1R .
7 ) VRS TI 4R YR il 1) B B T FE.

B1-B1 W56 5 5KV 15 By -Be 98 v JR W JIFF T AL BB
Ay JERIIIRFTAL A8 ry JGRI T DI TAL Az 98 v
B 191 1AL A Ahy JGHYTIJ1 T A 304 : JIFE
B Ay < TIZRIR A s Acy  TIFFEE By
F 6 ®IHETZHE
FH L 6 AT, T8 K IR B 8 5 530 hy
Ah, = rysiny + r, (1 — cosy) tany
Acy = 1, (1 — cosy) /cosy

E RN T A% B0 Lo 4 T B 6 U B AT IR A A TR Y R
N A0 0 145 T S s R A R R i ) —
AR T & 76 B 18 4 T

R Y P BRI AN BT o B R R R TR
SR L SR ER R 3 10047 B2l R ) (DL IR 7).
B =0" AT Y S e ik Z W& 7a I, B, = 4. 514
AN EARZ AN & 7b B, B = 07 11 Y #2 il Ef)
JRANE T iR . B, =4. 5 T Hfi EYR AN &1 7d e
7N X HE A i EVIRE 55 RV 42 fh £ ) R L g 70007 T
T2 il ERIR AT AR /N BORE &8 145 T A9 42 1 5 R 3
B TR RRCR.

AN

(O FEAMENIR (B =07
Bl 7 W oA T P e ful 2 ] R A2z fuk B

(D FZAMEPIE (B =4. 59

4 LEWIE

(DA SCHR S A9 3 2243 FE T RHIIN Tk v 1 -F
TR 2 ) AT P R I By by FH T B R HAT T
AN T A I N Tk A VR AL Bk et S .
OITEA R R 43 BERG BE AT &g, TR T TV fii
ARG B s LT B BAR AR,

(2) N REI T i TP s Ae I i TO7 A
EF R N T35 25 AN A sk A o DR I S 461 vl ) 34
RIJIR 1 458 A T FFA0 A o A A 158 2 42 ) 7
+0. 01 mm3yg [FlA.

(D FEFESE E REIN Tad R b AN 5 2 iz
By, NI T ) HAR 2207 R 52 0. 531412 3l H 7R
VLB A% Bl 5 1 | 140 BERG BE A v R T Al
TN T2 1 (A B 15 25 4 30 VR A AL 40 B i S ) 1A RE
RZE.

S 3Tk .

(1] BROGRE. OBt w7 3 =7 T 60 2% 35 T 0 AT 1% 30 - h [
99117383. X [PJ. 2003-04-16.

[2] LITVIN F L, GONZALEZ-PEREZ 1, YUKISHIMA
K, et al. Generation of planar and helical elliptical
gears by application of rack-cutter, hob, and shaper
[J]. Computer Methods in Applied Mechanics and En-
gineering, 2007,196(41/44) :4321-4336.

[3] LIN Chao, QIU Hua, QIN Datong, et al. Study for
simulation analysis and experiment on high-speed dry
gear milling by flying cutter [J]. VDI Berichte, 2005,
1904 (1) :795-808.

http: / www. jdxb. cn



55 739

SR 45 - TR AR 2600 B2 RN T 2 T 2R B8 5 99

[4]

[5]

[6]

B SCH L BROGHE. B0 TR T RS 4 BE TN T TG SRS
EETSE LI, EALMCTAR . 2006, 17(3):277-278,
LUO Wenjun, ZHANG Guanghui. Research on ma-
chining method of planar worm gear using single-tooth
flying cutter index-continuously [ J]. China Mechanical
Engineering., 2006.,17(3) :277-278.

Mgl B stz s LR LML 2 . Jb st M HE
HRRAL, 1988:149-163.

YANN H, MICHAEL G, JEAN P V. Numerical sim-
ulation and optimization of worm gear cutting [ ] .
Mechanism and Machine Theory, 2006,41(9);1090-
1110.

7]

(8]

[9]

IBRAHIM M D, STEPHEN C V. Off line simulation
system of machining processes [ J]. Journal of the
Franklin Institute, 2007,344:565-576.

SAI W B, SALAH N B, LEBRUN J L. Influence of
machining by finishing milling on surface characteris-
tics [ J]. International Journal of Machine Tools and
Manufacture, 2001,41(3) ;443-450.

Wi TMEZE 2 R TICEID (M 2 Wi dbs:
HUB Tl R AL, 2000 21-47.

(DifH % oA

http: / www. jdxb. cn



