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On a Method of Tip Relief Cutting of the Involute
Internal Gear by the Pinion-Shaped Cutter

By Muneharu MOROZUMI

In this paper, a method of tip relief cutting of the involute internal gear by the
radial tooth flank of the pinion-shaped cutter with a small number of teeth is treated,
and the diagrams available for the tip relief cutting of the involute internal gear are
constructed with respect to the cutter pressure angle a, =20°, the addendum modifica-
tion coefficient in the pinion-shaped cutter 0.2=x, = — 0.3, the maximum amount
of tip relief in the internal gear 0,05z=4;,2=0.005,and the addendum divided by module
hp=1.

Experiments were carried out to check the analytical theory mentioned above, and

it can be seen that the experimental values agree well with the theoretical results.
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Table 1 Amounts of tip relief (mm) m:module

Amount of tip relief 4, I Profile length of tip relief curve [
ISO 0.02m (Maximum) I 0.6m (Maximum)
B.S. 0.01m | 0.5m

WE ae=20°, m=1 4, LT, 21 =0.2~—-0.3(0. 10, 4r=0, 0.005, 0.01, 0.02,
0.08, 0.04, 0.05 LiE®, ik Zi, #ha Zo & LT x BT A ildeisici
WP X VR L, hAeBBEERAMMAER L. K4, 5idm =1, ac = 20°,
x1=0Dhy 2T, dp=0.01, 0.02 & Lt EORIBRELRT. Y= vhy 2 TH
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sin
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Zz{ - «/(cos ape/Cos ap1)t — 1
(Zeo]Z1)% — 1

+ inv apz —inv ab} = 0. (28)
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FHEBbOE=dVvH v I m=3, ac=
20°, Z1 =13, x1=0.05 THAHEMD, m
=1, ac=20°, x1=0.05, 4, =10.02 &
LT oxe=0.1 il 2Nl EREEER
BRAMKERD D K6 %XHEE. cORX
D Zy =13 335 2ok Zo =37 BNTHE
BWo &b, T2 T Ze=37, x2=
0.1 OREHEEX-OH » ZTHETLTH L,
dp = mx0.02=3x0.02=0.06(mm) &
BETHD, WYL 2Tk T OB
Ba D 5. FHIKREE 21T

OBE, MEBET SHBE S k==

Oult — 7i2 = 0. 886 (==0. 3m) &7 %.
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x = Rsin (fg: — inv a'),

(29)

y=#r2 — Rcos(fge — inva').
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Table 2 Calculated results for tip relief curve of internal gear
m=3, a, =20°, Z, =13, %, =0.05, Z, =37, x.=0.1)

Preliminary calculation

Calculated value Equation calculated value Equation
ap 20.6335° n Fg1 18, 324006 9)

a 36. 147675 (2) 7rt 15, 900000 (10)
71 19.579991 (3) & 24, 851446° (13)
72 55, 727666 (4) ! 52, 269363 (14)
Phe 52.800000 (5) 7o 59, 547675 (15)

Vg2 52, 152940 (6) 0 7.937450° 2n
0.1, 53. 686002 (7) Ogo 3.399115° (23)
Tht 23,400000 (8) Qps 8,979193° 27
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(b) Co-ordinates and tip relief amounts of tip relief curve

\\\\\ e 6_(1,5 5° ;/o x b al® 4 (,um)

R(=0,Q) Eq.(17) | Eq.(20) | Eq.(19) Eq.(18) Eq. (16) Eq.(24) | Eq.(22)

53.686(=0.1,)| 20.6335 | 18,324006)6. 9080733. 130369, 2,93169 5.94178 13.725427) 0
|

53.650 20. 819420 18, 3015206, 9639623, 139803 2,93854 5.97821) 13.567112  0.06
53.630 20,922065] 18, 2890246, 9947433, 145087, 2.94239 5,99845] 13,478283  0.19
53.610 21,024262) 18, 2765237, 02533613. 150401 2, 94625 6. 01870 13.388309] 0.38
53.600 21.075195] 18, 2702727, 040564]3. 153069, 2.94820; 6.02882 13.343826, 0.52
53,400 22.071910] 18, 145032(7. 3358153, 208014] 2,98833 6.23136| 12.406789  6.07
53,200 23.030556) 18.01939417, 6147153, 265936 3. 03083 6.43408 11.386294, 17.76
52.900 24.407107) 17.830174/8. 0059953, 358309 3. 09888 6.73852] 9, 6405060, 47.28

52,800 (=7y) | 24.851446, 17.7668938. 12987413, 390549 3, 12268, 6. 84010 8.9791930, 60.52

Table 3 Co-ordinates of involute tooth profile of internal gear

I al® x y
R k Eq. (24) Eq. (29)
59, 547675 (=7,2) 28, 858037 0.70975 0.00423
54.900 18, 201755 2. 64457 4, 71141
54.600 17. 218650 2.72558 5. 01575
54.300 16, 165952 2. 80022 5.31993
54,000 15. 028892 2. 86820 5. 62390
53.686 (=0uT,) 13.725427 2.93172 5.94178
53.610 13, 388809 2.94585 6.01867
53. 400 12, 406789 2.98227 6.23102
53. 200 11, 386294 3,01311 6. 43307
52.900 9. 640506 3,05169 6.73577
52.800 (=r4) 8.979193 3.06227 6. 83655
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Table 4 Measurements of pinin cutter used in gear-cutting experiment

Tooth number of Tooth flank of M 1 £
pinion cutter pinion cutter B ean value of B
Left side 4°22/
1
Right side 4°12!
Left side 2°46!
2 3040/
Right side 3°38/
Left side 3012/
3
Right side 3°563/
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Fig.9 Tooth profile measurement of internal gear

Table 5 Tip relief amounts of gear-shaped internal gear

Tooth number of Tooth flank of Tip relief amount |[Mean value
internal gear internal gear (pm) (nm)
Right side 117
1
Left side 121
Right side 119
2
Left side 122
119
Right side 120
3
Left side 117
Right side 117
4
Left side 122
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