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ABSTRACT
On the basis of the elaborated calculation method, the optimal width in involute helical gears was determined
ensuring a constant length of the line of contact between the meshing gears that is based on the novel method for
determining the wear and durability of the gears which was employed to measure the maximum contact pressures,
linear wear of teeth and durability of the gear with angular correction of the profile. It was possible to determine the
variations in the parameters for the optimized gear describing the meshing gears at different values of the profile
correction coefficients.
Keywords: block calculation method, cylindrical helical gear, angular correction of engagement, optimal gear
width, maximum contact pressures, tooth wear, gear durability

INTRODUCTION
Cylindrical gears can undergo height correction of the profile which does not cause any
change in the distance between their axes or they
can be subjected to angular correction of the profile, which does. Besides, the coefficients of profile correction can have different values. Part 1
of this study reported the results of a study investigating a cylindrical helical gear with height
correction of the profile. The investigation was
conducted using a new method for determining
the wear and durability of toothed gears [1]. This
paper reports the results obtained for the cylindrical gear with angular correction of the profile
depending on the type of engagement [3].

SOLUTION TO THE PROBLEM

awk between the axes will be higher than the
nominal distance aw:

awk = rw1 + rw 2 〉 aw
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The rolling pressure angle αw will depend on
the real distance between the axes of the meshing
gears and will be higher than the apparent pressure angle αt. When the real distance between the
axes is known
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The radius of the addendum:

ra1 = r1 + (1 + x1 − K )m, ra 2 = r2 + (1 + x2 − K )m,

ra1 = r1 + (1 + x1 − K )m, ra 2 = r2 + (1 + x2 − K )m,

(4)

where is the coefficient of addendum reduction.
The equations wherein the above parameters of profile correction must be taken
into consideration [2]:

In the helical cylindrical gears with angular
correction of the profile, the correction coefficients are x1 ≠ x2 and the total coefficient of profile correction is xΣ = x1 + x2. The real distance
=
N 9550 PK g / rw1n1 cos α w

(5)
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NUMERICAL SOLUTION
The input data included: z1 = 20; z2 80;
m = 3 mm; u = 4; n1 = 700 revolutions per minute; P = 5 kW; f = 0.05; β = 10o; Kg = 1.6. The following materials were used: the pinion was made
of 38HМJА steel after nitriding with 58 HRC;
Rm = 1040 MPa, C1= 3.5·106 m1 = 2; the gear was
made of 40H steel after bulk heat treatment with
53 HRC, Rm = 981 MPa, C2 = 0.17·106, m2 = 2,5;
E = 2.1·105ּ МPа. Lubrication involved the use
of an oil characterized by the kinematic viscosity v+50° ≈ 15 сSt; hk* = 0.5 mm; Δφ = 40. The
profile correction coefficients and the geometrical parameters of the gear were as follows: x1 = 0 … 0.5, x2= 0 … 0.584; xΣ 0.584;
aw = 152.314 mm; awk = 154 mm; αt = 20.283o;
αw = 21.918o. The width of the gear wheels:
bw = 54.275 mm while lmin = const and εβ = 1;
bw = 30 mm while lmin ≠ const and εβ < 1. The
gear with bw = 54.275 mm is described by tripledouble-triple engagement, while the gear with
bw = 30 mm by double-single-double engagement. The calculations were performed using a
block calculation method from the quantity of the
interaction block B = 2100000 rpm.
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The numerical results are given in the figures

− below.
cos 2 αFigure
1a shows the initial maximum conw

tact pressures pjmax which occur during triple-double-triple engagement while Figure 1b illustrates
the variations in due to the wear of gear teeth
amounting to 0.5 mm.
The highest contact pressures pjmax can be
observed at the start of double engagement. Later on, when the meshing gears are in triple engagement, the pressures pjmax decrease by up to
1.7 times. In other cases, the decrease in the pressures is smaller and depends on the values of the
profile correction coefficients.
Figures 2 and 3 illustrate the linear wear of
the2gear teeth
h2j and the pinion h1j.
2
/ rw1 ) The
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w
maximum allowable wear is first reached
by the gear teeth at different characteristic points
of pressure depending on the values of the profile correction coefficients – at the start of triple
engagement and almost at the start of double
engagement (Fig. a) or at the end of double engagement (Fig. b). Similar observations can be
made with the maximum allowable wear of the
pinion teeth.
The relationship between the minimum durability of the gear and profile correction is
shown in Figure 4.
The highest durability can be observed for
the gear with profile correction when x1 ≈ 0.2,
x2 ≈ 0.384; this value is higher by 1.40 than that
of the gear without profile correction.
In order to compare the effect of the gear
width on the type of engagement, the results of
the contact, wear and durability of two gears
are as follows: the gear described by the width
r and double-single-double engagement and the
gear described by the width bw = 54.275 mm
and triple-double-triple engagement. Figure 5
presents the results of the maximum contact
pressures pjmax for the two tested gear widths.
Therefore, increasing the gear width by
1.81 times leads to an almost proportionate decrease (by 1.86 … 1.8 times) in the initial contact pressures at the start of engagement and by
1.89 ... 1.92 times at the points of change of the
type of engagement. It must be emphasized that
the double engagement zone of the gear with the
width bw = 54.275 mm is 3–4 times higher than in
the case of narrower gears, which is vital from a
practical point of view.
As it can be observed in Figure 6, the gear
width and the type of engagement have a greater effect on the minimum durability of the gear.

p jh m
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Fig. 1. Variations in the pressures pj max during the meshing of the teeth due to their wear

Fig. 2. Linear wear of the gear teeth along their profile
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Fig. 3. Linear wear of the pinion teeth along their profile

Fig. 4. Minimum durability of the gear versus profile correction: solid line –
tmin when pj max = const, dotted line – tB min when pjh max = var

For the gear with the profile correction coefficients x1 ≈ 0, x2 ≈ 0.584, the durability increases by 9.2 times, and when the optimum profile
correction coefficients are applied x1 ≈ 0.2, x2 ≈
0.384 – by 8.8 times.
A similar effect of gear width can also be
observed in the case of the gear with profile
correction, as described in Part 1 of the paper.
Therefore, it can be concluded that the two
tested types of profile correction exert a similar
impact on the contact and tribotechnical parameters of the gear.
4

CONCLUSIONS
1. A numerical problem concerning the setting of
maximum contact pressures, linear wear and
durability of cylindrical gears was solved using
an original method for determining the wear and
durability of gears which takes into account the
profile correction and type of engagement.
2. Two types of gear were examined: a gear with
optimized width of the gear wheels ensuring a
constant force between the meshing teeth and
a gear with a smaller width of the gear wheels.
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Fig. 5. Maximum contact pressures (a) and their variations (b) due to wear
of the teeth: bw = 30 mm (top), bw = 54.275 mm (bottom)

Fig. 6. Impact of profile correction on minimum durability of the gear
at bw = 54.275 mm (top), bw = 30 mm (bottom)
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3. It was found that the increase in the gear width
ranging from 30 to 54.275 mm results in an almost proportionate decrease in the maximum
contact pressures.
4. The increase in the gear width by 1.81 times leads
to a considerable increase in the minimum durability of the gear – by 9.2–8.8 times, depending
on the value of the profile correction coefficient.
5. Regardless of the type of applied profile correction (angular or height correction of the
gear profile), the width of the gear wheels has
the greatest impact on the contact strength and
wear of the gear teeth.
6. The application of suitable values of the correction coefficients of the pinion and the gear
lead to a uniform wear of the gear teeth for
both engagement zones.
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