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Abstract: In order to predict and prolong the effective length of the slotting cutter of the double-circular-arc
harmonic circular spline, several models are established: 1) the mathematical model of the circular spline
tooth profile; 2) the mathematical simulation model of slotting the circular spline by the kinematic
method; 3) the mathematical simulation model of grinding the slotting cutter by the tooth profile normal
method, to obtain the equivalent tooth profile and the machining error and predict the effective length of
the slotting cutter. Based on these models, the effective length of the slotting cutter is prolonged by
optimizing the tooth profile of the grinding wheel and the tooth number of the slotting cutter. The results
show that before optimization, the effective length of the slotting cutter with 55 teeth is 2.1 mm and the

tooth profile error of the circular spline slotted by the O-cross section slotting cutter is 2 pm. After
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optimizing the tooth profile of the grinding wheel, the maximum of the tooth profile error of the circular
spline slotted by the O-cross section slotting cutter is 0.14 pm. The effective length of the slotting cutter
increases as the number of slotting cutter tooth increases 4.8% for 42 teeth, 52% for 55 teeth, and 81 % for
68 teeth.

Keywords: double-circular-arc harmonic reducer; circular spline; grinding; slotting cutter; grinding wheel;

effective length
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Tooth profile of the circular spline
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Table 1 The center coordinates of each tooth profile of the circular spline
NI % B0 48 48 A5 &/ mm B9 A FR v/ mm
T Tt i B 0 25.595
9 R B 0.678 25.395
P B 4.156 23.341
445 B B —0.687 25.788
PR A B —0.547 25.695
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Fig. 2 Coordinate system of the simulation model of slotting the circular spline
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Fig. 3 Theoretical tooth profile of the slotting cutter
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19 AT AT, 55 W4 0 T M R0 e 1A ] 5 22 A Al A B 1R T A2 P T AR AL 0 8 IR 47 00 T R ) O
T 22 MR T ik 988 B 2 A7 MR ok 95 B30 i M I 2 dme . S AT A 0 T R A 1 1A TR R 2 DA T 8 B R A
R el Y8 B e Ui/ I 8o 2 e K 5 G AR T A7 0 0 T R ) R KA T R 22 D BUAE L 8 T I AR O O B /N AT
DRIENL T 14 T i 8 B 5 o™ 147 S B 52 Ak s — 0.7 JCTETAR JT I T I R 25 0 — 3 pom AYRWIAE . IE 8T 46 T
T P A A 4 R 2 A A TS 90 B2 T K A [0k B 2 U BE P ST /0N I K A A B B S A AR
U B 7 /) 5 X TR 470 00 T S R ) 1A R 2 e RAEL TR AL S T A B B S 8 U BE g 52 B Ak L 1.4 AT
VM TR RZEN 3 pm BIRIEE . PRI ARSI L 3R 2200 3 pom AR S bn o 38 DT AT RO 2.1 mm,

4 XESNNI%E ik 7] Bk ERL

4.1 EYEERMAL

A A T B TIUTDHT AR > 07, 0L % T T Ay (B T AT TG R TR 2 T OO SR TRT D B 52 2 (U
T Ry #S (B WRE o dy T4 15 7 T80 70 R 18R AT IS A8 5 48 77 U0 H 70 b 4% 5068 0 A [a] s 791 1T R A 18 A 2 TR
7] 725 {37 2% B5CHAT 6 14 U6 T2 o R 0k U0 ) 970 A i b 4 5 S A2 0 (9 B T L S et AR 0 A R T 55 16 T8
PSR TE 38 SCREAE TTUTE] 70 B 8CA s THEEUTEI 7)1 4% s B 7E s ) 18P T 19 728 67 2R 50 AR A8 6 AR A i ot
AR BN T R BORRM AR RIS . ol T TR S A AT 46 T VT 91 A — i D X R A 9 B~ A2

raqa =r. —qatana.. (29)
WU DA 0 A s 28 78 45 B b 8 AR AR 2R B A8 A FE My
Cos @, —sSIN@. ra @.
sin @, Cos @, —7ra | (30)
0 0 1

LA A e 24 S5 M A Y Oy

Xy =X, CO8 Q. — Y. SN Q. —Ta Pes
(31)
Ve =8N @+ Y. COS @ —7ra,



% 3 FAAE,E AR R R R BN E AR E SIS H 41

AL BN S V2 A 10 Fros .

0.3 ——- bR
— A RIE

0.2
0.1F
0.0

-0.1

—0.21

-0.3 0.4  -02 0.0 0.2 0.

10 RALBTEHRY &R

Fig. 10 Grinding wheel tooth profile before and after optimization

HI T 10 W]k, DAk 0 B 14 T8 AR AR 38 0, B (0 8 1 8%, Ak AR R B B A oK
AR A 5 s ) A R0 W SRRk H DI A i A 1) AT #4610 45 004 T 5 AR DIE A IS AN [ 40T 14 46 T 45 Ak A
FERSR I WIAE KL o DAk A [ AT 47 000 1t 58 ) 14 2R 2 18T 11 o

R RIE IR 22/ pm
=

Fa-D: i | 1'(5)%%
1.1 -=-1.

: 0 SR+ 2. AR .

~04 ~03 -02 0.1 0.0

R4 28 B3 /mm

11 REESS ERIZBEENRANRERIRE
Fig. 11 Tooth-profile error of the circular spline machined by the different cross-section slotting

cutters with 55 teeth after optimization

& 11 AT PR JE 55 P A 0 T RIS 4 U 15 2 A Ak e S Bl 48K T AR ki AR Ak, o A AR 0 T
WG A 15 98 15 22 e KABL R 0.14 e, SRR 48R 7000 T2 4R S 190 14 D2 158 25 7 147 T3k U0 B o 7 348 K, o o7 1A i B
IR/ S T8 YT B S 08/0N J5 35 O 78 1M1 U7 30 B Sa 388 R 5 90N 5 76 D AR A Y BB ¥ sl /) 5 £ A TR A7 0 T R
OOV T 108 25 o5 KB R B0 A T MG 3 B s — 2.1 BB 4G 0 m Tk T 5B R 22 — 3 pm AU RIEE . 1F A A
T30 T H RIS 10 15 T 158 22 7E D 003k I8 B 28 T 48 n L 78 U144 86 B3 5 A Y0 B3 o e ik /D I 380 , 7 TV 44 B B 5 14 AR
1o I BB 32 W /1N 5 L AR I A7 0 0 T A ) D T 1R 2 e R R AR A T MR B B S A D) B i g B AL L 1.1 8K
A TN TR TE R 2R 3 pm IRIES . IO T AR BN 3.2 mm., AHXT AL A0 B 70 A 20K
2.1 mm, K T 1.0 mm. 3N T 52 W EIA ROK E,

4.2 HWIEHMKK
4 I B ARG A T 43 BE IR 2 AR A T S RIS 1 G Be

(32)

2
ARG AT SCRT iR BE . LAL)S 43 %5 68 il 1 T WA A B 12 22 a8l 12 518 13 FioR

e.=m



42 TR K FFHK % 16 &

W
T
T
B

NI BIE IR 22/ p m

—— 0.5 |»——1.08k T |

- 0.98 |- 133 | .

-0.4 -0.3 -0.2 -0.1 0.0
RIlFE 18 AL R/mm

12 iR 42 EREISEEN RN ERIRE

Fig.12 Tooth-profile error of the circular spline machined by the different cross-section slotting

cutters with 42 teeth after optimization

W
1

[\
T

—
T

|

[ |
|4 —1.0%RT |

| O
Y o |---2.08 |

-2r
\ | 138 |- -2.58km | )
-3 -0.4 -0.3 0.2 -0.1 0.0
W45 A8 A5 /mm

NI HRIEIR2E p m
(=]

13 RUF 68 EMmNESBEIZMRN L ERRE
Fig. 13 Tooth-profile error of the circular spline machined by the different cross-section

slotting cutters with 68 teeth after optimization

H P 12 ml AL ARG 42 1548 J0 00 T RS A0 16 T 15 22 A8 Ak kS A r AR A i ARk . o AR 3 T T
W48 (415 T8 15 22 B KRB 0.14 e, B0 R TET 47 0 00 1+ DI %) 07 T 15 25 7 O T U0 B 3 o 4 A, 7 o™ 147 J0 B
BTN 5 A28 V) B SE 08/ J5 B R A 1910 J0 B 55 0 R o 0 B R O /) 5 7 R T A 0 T R Y O T 1R 2
B KB M A A T U4 JEE B 5 A VT B i 32 Ak 5 — 1.3 RAI 70 T T 5 TR 25 8 — 3 pm WINIAS . E#R
T 47 000 T A 4 0 T 15 2 1A Tt U B AT 0, A TV A JB B P S s /N JE R 7 N V) BE N L E
(T4 0 B 5 R Ao Y B3 W /1 5 1 TR A 0 T A 1A O R 2 e R (B O WA T A B 5 A U B
38 FEAL 0.9 BRI T B R 22k 3 pm WNIEE. MRAbE 42 R A BKER 2.2 mm, K T
0.1 mm,

A 13 AT A S 68 1 4 0 i T HS I 1 14 T8 15 25 A Ak e 34 Bt 4 v A8 A i AR k. o A 47 0 T
IS Y 5 T 15 22 e KAB R 0.14 o, SRR THTI 00 T2 HE RIS 09 16 T 15 22 78 U 1003k Y8 BE 3 K, 78 o™ 14 86 B 4 4t
Bl /DN s FE N DB 08/ 5 386 TR A M1k 36 B3 SR el 20 I 1 R A R A sk 3 B 5 YT K /) 5 7 4 T AR 0 T s M 1
VT 15 25 fe KA N IE AR A7 o™ 14 85 B 45 06 T00 sl 8 BE A 28 A s — 2.5 R 0 T T B iR 228 — 3 pm
NI ES o Ak T T A 00 T A 1A T 15 2 A 1A TRk I B 3 T 4 0 A M0 R B P SR D /N Jis 4 L A
N ) BB WG I A T 0 R B 5 A AR a0 B 5 Y /) 5 1 TR A 0 T R T 1 O 1R 25 e R Dy I A
TG BB S AV B S B Ab AR IS 1.3 #ROE 6 0 i T 5B 3R 22 0 3 pm BRI . HBLIEILTS 68 146 4
TIA R E N 3.8 mm., MIXFRMALRT 55 Wiifi A K E 2.1 mm,EK T 1.7 mm.,

g b AR S A ) 15 8500 0 A RO B R 14 R .



% 3 FAEHE L AUR IR OB E B RS AE T K E 5T 5 Rk 13

R AL DAY 3.8

3.2

s
RHEHRS

1 I A R B fmm
e = = b BN
h o U o W
[\)

42 5 68

5
ECDANE
14 RUATETAREHRFBEINERAKRE

Fig. 14 Effective length of the slotting cutters with different tooth number before and after optimization
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