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Abstract — A counter gear transmits the rotation angle, so the angular velocity ratio of the gear does not nec-
essarily need to be constant in the meshing process. As a pinion has a small number of teeth when combined
with an internal gear for counters, tooth interference can occur with the use of an involute curve. This paper
introduces circular arcs that represent a tooth profile and fillet for the profile design of a pinion through
the combination of arcs with lines. The straight line of a rack tooth represents the profile of a mating inter-
nal gear. Thus, the circular arc and line maintain contact during the rotation of the counter gear. This paper
presents an analysis of the meshing of the circular arc tooth and rack tooth along with the properties of the
counter gear, such as the change in rotational velocity and amount of backlash. The contact ratio of the
counter gear is 1 because the tooth contact occurs between circular arcs and line. The initial position of
tooth contact, which denotes the simultaneous contact of two teeth, is found. As the rotation of the pinion,
only one tooth keeps the contact situation. This meshing property is analyzed by the geometrical constraints
of the tooth profile in contact and the results are presented as graphical diagrams in which tooth-arc move-
ments are superimposed.

Keywords —backlash (% 2] A]), circular arc tooth (4 & %] &), counter (Al 5=71), tooth interference (X 7+4),
tooth mesh (X &)

Nomenclature H2= Aol
t, :Chordal tooth thickness(mm) (E°157)
¢ :Center distance (mm) (AEIZF 72]) X, :X coordinate of tooth arc (X|FYE XF%)
7 :Pinion pitch circle radius (mm) V. @Y coordinate of tooth arc (XFL% YZE)
@Y FxY 59) z  :Number of teeth (3=
r. :Tip circle radius (mm) (€12 WF3) a  :Pressure angle (322}
r,  :Root circle radius (mm) 1%l ¥H3) . :Radius of tooth arc(mm) (X|FL32| vH)
r, :Pitch circle radius (mm) X ¥3)
t,  :Space width(mm) (F7H%) Subscripts
twin > Min. chordal tooth thickness (mm)
+Corresponding author : sclee@inhatc.ac.kr : Pinion1H<)
Tel: +82-32-870-2134, Fax: +82-32-870-2500 2 :Internal gear(HAI3})
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Table 1. Counter gear dimensions

.. Internal
Pinion
gear
Number of teeth, z 6 20
Pith circle radius, r, (mm) 2.2 7.385
Tip circle radius, r,(mm) 2.5 7.9
Root circle radius, r{mm) 1.4 6.8
Chordal tooth thickness, t,(mm) 1.15 1.05

Min. chordal tooth thick., tyi,(mm) 0.7 -
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circle

Fig. 1. Configuration of an internal gear.
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Fig. 2. Configuration of a pinion.
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Table 2. Profile data of the pinion

Point X(mm) Y (mm)
1 -0.7 1.212
2 -0.535 1.294
3 -0.378 1.697
4 -0.552 2.070
5 -0.530 2.318
6 -0.240 2.488
7 0.0 2.5
A -0.325 2.176
B -0.202 2.090
F -0.650 1.571
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Fig. 3. Internal gear at the rotation angle 0°.
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Fig. 5. Configuration of the initial tooth contact.
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Table 3. Position of the initial tooth contact
Item Data
A[deg.] 12.603
Pldeg.] 10.259
Pinion center O, X1.131, Y5.060
Center A X2.810, Y6.482
Center B X0.740, Y7.225
Jat e 2lo] v ofof gt
Vo= aiX, b (6)
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Fig. 6. Meshing diagram when 7= 9°.
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Fig. 8. Simulation of tooth contact.
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Fig. 9. Rotation angles of the pinion and the gear.
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Fig. 10. Backlash of the gear set.
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