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helical or curved, due to the continuously varying
pressure angle o, (Fig. 11).

The change in profile overlap across the face
width and the differing values for total overlap, €,
are a result of the inclined contact path curves. The
helical contact paths result in an “apparent skip
overlap sﬂ” of the gear. As a result, higher total
overlaps are attained, affecting load-carrying
capacity and running behavior positively, as in the
case of helical gears.

Load-Carrying Capacity

Reliable methods of determining and checking
the load-carrying capacity of crown gears became
necessary in order to allow their use in power
gear systems. The literature identifies the pinion
as the weaker element, which also determines the
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Figure 10—Path of contact and tooth shape.

line 1: undercutting Cylkro - tooth pinion axis < ) P .
e 2t B bl  WRGmEste: waamne load-carrying capacity of the crown gear train
line 3: overcutting Cylkro - tooth A / ‘\J} j ’f‘ i (Refs. 5, 7 and 8).

As the pinion is a conventional cylindrical gear,

7 , \\Q : P its load-carrying capacity can be determined by the
=1 2 ,/ pinion IY P a“* 78 ', / i usual computational methods, for example, accord-
| > L,‘?j 57 i ing to DIN 3990 (Ref. 9).
| [T : The calculation method developed by Crown
d d; P LA i Gear B.V. allows for the special contact paths and
m = — | pinien overlap ratios of crown gear systems. The compu-

tation is based on DIN 3990. Some of the corrective

line 4: avoiding contact between dedendum of pinion X i .
Cylkro gear factors in the DIN standard are modified in the case

and addendum of Cylkro - tooth

line 5: overcut Cylkro - tooth g ‘i% of crown gears (Ref. 5). The validity of the compu-
neacie g I : tational method was confirmed in service life tests
Figure 11—Active tooth flanks and contact path curves (Ref. 2). I (Ref. 5). The following sections on tooth root stress
and tooth contact stress briefly outline that method
e 1 of computation.

N W i Computing the tooth root stress. It is known
Shaper °““e’\ % ! from FEM simulations that the bending stresses at
x the tooth root of the pinion are roughly 40% greater
. i than those on the crown gear (Ref. 5). Given the
s e e A O """"""" same materials for pinion and crown gear, the bend-
! ing stresses at the tooth root of the pinion are there-

fore the deciding factor.
------ S <2 A According to DIN 3990, the rated tooth root

stress, O, may be calculated as follows:

Oy = [F/(bm)] - Y, - Yg, - Y- Y

The factors Yy, and Y, are unchanged for a
cylindrical gear pair. Owing to the contact line
curves and overlap ratios indicated in Usable tooth
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Figure 12—Shaping crown gears. i
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between the tooth root of the pinion and the crest of
the crown gear. That results in the active tooth flank
zones for pinion and crown gear shown in
Figure 11.

The contact path curves of a gear are of impor-
tance for its overlap ratios and load-carrying capac-
ity. The driving pinion of a crown gear system is a
spur-toothed gear, but the paths of contact across
the tooth flanks of the pinion and crown gear are

factor, Y,, and the helix factor, YB’ for the pinion of
the crown gear must be corrected accordingly.

The real tooth root stress, G, can be calculated
analogously with DIN as:

Op =0g " K, " Ky - Kg, - Kig
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The application factor, K,, and the dynamics |
factor, K, are assumed to be equal to those for heli-
cal cylindrical gears. The face factor, K, and the i
width factor, KFB’ were determined in running tests.

Calculating the tooth contact stress. The
nominal tooth contact stress, oy ,—that is, the i
stress exerted by the static rated torque in a per-
fect gearing—is calculated according to the for- !
mula given in DIN 3990:

Ouo=Zg ZyZ, 2y JF/(b-d)

The elasticity factor, Z;, which allows for the
material, may be adopted unchanged. The zone fac-
tor, Z,;, is determined by the radii of curvature. A
simplified assumption is made that the radius of cur-
vature of the pinion is decisive for the calculation,
the radius of curvature of the crown gear—consid-
ered as a curved rack—being infinite. The overlap
factor, Z,, and the helix factor, Zg, are again changed
as in Kinematic principle, according to the specific
contact line situation.

The real tooth contact stress, Gy, is calculated by
analogy with the data given in DIN 3990, the factors
Ky and KHB being matched to the geometry:

°H=GH0'ZB\/KA'KV'KH(:'KHB

Studies of load-carrying capacity and running
behavior. There are few existing studies and find-
ings related to the operational behavior of crown
gears. An older edition of A. Miiller's
“Kronradgetriebe™ quantifies load-carrying capacity
for shaped crown gears as roughly 80%-90% of that
for bevel gears with the same tooth width (Ref. 3).
He presumes surface hardening of the teeth.

Crown Gear B.V. quotes the same order of mag-
nitude for gears with spur-toothed pinions and a
gear ratio greater than three as for bevel gear sys-
tems of the same size. The crown gear is again case-
hardened and also has been hard-finished. Using the
same pinion, the load-carrying capacity of the
crown gearing falls at low gear ratios, because the
usable tooth width becomes smaller.

More recent load-carrying capacity studies have
been carried out in the United States on behalf of the
helicopter industry (Refs. 7 and 8). Service life tests
confirm the feasibility of crown gears for power
gear systems. Using crown gears for a new heli-
copter drive concept brings about a weight reduc- |
tion of 40% as compared to other types of drives
(Ref. 8). It is claimed that the excitation of vibra-
tions and noise emission are also reduced. On the
service life test stand, the tooth contact frequency i
and higher harmonic of the crown gear system were !
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Figure 14—Helical offset ground crown gear for a
rear axle drive.
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Figure 15—Principle of crown gear honing.

significantly lower than those of other frequency
components (Ref. 7).
Manufacture of Crown Gears

Apart from load-carrying capacity, one of the
main obstacles to the use of crown gears has been
the problem of manufacture. With the exception of
some special production methods—for example,
sintering in mass production—shaping has been the

! only realistic industrial production process. Hard

finishing after hardening has been confined to lap-
ping. That area also has seen a number of new devel-
opments or innovations in recent years, extending
the range of applications for crown gear systems.
Soft gear cutting. In the traditional shaping
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