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The manufacturing of differential gears went away from the Revacycle broaching process to forging more than 30 years ago. 
Today, where electric vehicles create a peak torque which are a multiple higher than in vehicles with internal combustion 
engines, the strength and the Noise Vibration Harshness (NVH) advantages of cut differential gears are revisited. The newly 
developed Coniflex Pro straight bevel gears combine several new features which make them stronger and quieter than past 
straight bevel gears and far superior to the forged version. The basic geometry of Coniflex Pro was developed especially for 
modern Phoenix free-form CNC machines and takes advantage of the “unlimited” geometric freedoms and the possibility of 
higher order, nonlinear kinematics. First field applications have proven that Coniflex Pro differentials have 30 percent lower 
root bending stress and 40 percent lower surface stress as forged differential gears. Many electric all-wheel drive vehicle appli-
cations with a front axle disconnect feature create high relative motions in the differential of the disconnected axle, which 
makes the transmission very noisy. Coniflex Pro gears have the lowest transmission error of any ever-produced straight bevel 
gear. While transmission errors of 50 microradians (µrad) or less are typical for Coniflex Pro, conventionally cut or forged 
straight bevel gears show between 300 and 2,000 µrad. Coniflex Pro differentials are therefore exceptionally quiet, even in case 
of high relative motions in disconnect axles.
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Generating on the 
Pitch Cone

All the older straight bevel gears are 
generated by rolling on the root cone, 
rather than on the pitch cone. Figure 1 
shows to the left the traditional ori-
entation between the generating plane 
and the pitch cone of a gear. This ori-
entation violates the kinematic cou-
pling condition between gear, gener-
ating plane and pinion. Both mating 
Coniflex Pro members roll with their 
pitch cones on the common generat-
ing gear plane as shown to the right 
in Figure 1. This was not possible in 
the past because the tip circle of the 
cutting tool had to be adjusted to the 
root angle of the tapered depth teeth 
of the gears and due to the mechani-
cal restrictions of older machines, the 
generating gear rotation was automat-
ically orthogonal to the root line of 
the cut gear. Thus, the gears were gen-
erated on the root cone rather than on 
the pitch cone.

Free-form Phoenix machines do 
not have the traditional mechanical 
restrictions. Therefore, the choice of 
adjusting the cutter tip circle tangen-
tial to the root line of the cut pinion 
and gear and yet performing a roll 
motion around a generating gear axis 
perpendicular to the gear’s pitch cone 
has become possible with Phoenix 
machines. The result is a perfectly 
conjugate interaction between pin-
ion and gear, like shown in the con-
tact analysis in Figure 2. The ease-off 
topography is zero and the tooth con-
tact extends over the entire working 
area. The motion transmission error 
has a slight numerically caused varia-
tion but is practically zero. To pre-
pare a gear set for manufacturing tol-
erances and deflections under load, 
length crowning can be created with 
a dished cutter as shown in Figure 3 
and profile crowning can be created 
with a second order ratio of roll modi-
fication (Figure 4 bottom graphic).

Tip Relief
The tooth profiles of a high-power 
density differential gear set should be 
conjugate in the center and feature 
a pre-determined tip relief. A new 
function in Coniflex Pro allows cre-
ating a higher order tip relief which 

preserves a low transmission error and 
protects better against edge contact as 
the traditional circular profile crown-
ing. A typical Coniflex Pro tooth con-
tact analysis is shown in Figure 5. The 
Ease-Off has higher order relief areas 
along tip and root. The flank center 
around the Mean Point is nearly con-
jugate and the tooth contact is full and 
centered. The motion transmission 
graph in Figure 5 shows very small 
amplitudes of 25 µrad (compared to 
the traditional 300 to 2,000 µrad).

Double Positive 
Profile Shift

Until now, in bevel and hypoid gears, 
the same amount of positive profile shift 
used to reduce pinion undercut had to be 
applied to the gear, but with a negative 
sign. This was required to maintain the 
desired shaft angle. For differential gears, 
where the gear has also a low number of 

Figure 1—Coniflex Pro pinion and gear rolling on the pitch plane.

Figure 2—Contact analysis of Coniflex Pro 
gearset without crowning.
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teeth, the profile shift had to be limited to 
small amounts to avoid undercutting the 
gear teeth. The newly developed indepen-
dent profile shift allows positive profile 
shift for pinion and gear which results 
in stronger tooth profiles and increases 
the contact ratio by up to 50 percent. The 
principle is shown in Figure 6. Pinion and 
gear pitch cones are smaller by the equiva-
lent amount of desired profile shift which 
reduces the shaft angle: R1 – Xc1 – Xc2 = R2 
(Figure 6 left side). After the profile shift 
is applied, the reference pitch cones (work-
ing pitch cones) include the correct shaft 
angle R1 (Figure 5 right side) and the gear 
set has the advantages of a positive profile 
shift in both members. To demonstrate the 

dramatic improvement of this technology, 
the tooth contact of a differential gear set 
without profile shift is shown in Figure 7. 
The tooth contact of the same gear set with 
double positive profile shift X1 = X2 = +0.7 is 
shown to the right in Figure 7. The contact 
pattern increased in profile direction by 
about 30 percent. The result is an increased 
contact ratio, a reduced root bending stress 
and a reduced flank surface contact stress.

Stress Comparison 
Coniflex Pro vs. 

Forged
A root bending stress and surface stress 
comparison between Coniflex Pro cut 
and forged gears was performed with 

the ANSYS Finite Element Method. The 
Coniflex Pro differential gear set was 
designed to replace the originally forged 
version. Also, a model of the side gear 
spline was created, and the input torque 
was transmitted from the splined shaft 
via the internal spline in the side gear 
bore to the side gear teeth. A torque of 
1,000 Nm, which reflects the duty cycle 
peaks of a midsize EV, was applied. The 
bending stress results to the left in Fig-
ure 8 show a considerable advantage 
of the cut side gear (i.e., the cut pair). 
It is noticeable by the red patch inside 
of the web area at the toe that the web 
restricts the necessary tooth deflection 
in this critical area, resulting in twice 
the bending stress of the cut gear. The 
high load contact area in the right-side 
graphics (red) fades out smoothly on 
the Coniflex Pro cut gear but extends 
to tip and root on the forged version. 
This proves the advantageous function 
of the Coniflex Pro tip relief. Also, the 
contact stress magnitudes in Figure 8 
show up to 65 percent higher values of 
the forged gear. The especially the high 
value of 3753N/mm² in connection with 
the high bending stress in the same area 
will result in high sub surface stresses 
which can cause case crushing. Case 
crushing often leads to flank fracture.

Also, an interesting result is the 
lower load sharing with neighboring 
tooth pairs of the forged gear set which 
reduces the effective contact ratio. In Figure 3—Length crowning is created with a dished cutting or grinding tool.

Figure 4—Conjugate generating (top) and generating of profile crowning (bottom).
Figure 5—Coniflex Pro gearset with length 
crowning and kinematic top and root relief.
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Figure 9, a comparison of the load shar-
ing for the Coniflex Pro cut differen-
tial gear set (bottom graphic) with its 
forged predecessor (top graphic) is pre-
sented. The green graphs in Figure 9 
have their maximum at the center of 
three consecutive tooth pairs. The peri-
odic shape of the graphs represents in 
the ordinate direction the contribution 
of load transmission of this particular 
pair of teeth in the current roll position 
(pitch position). The blue and the red 
graphs represent the two tooth pairs 
neighboring the tooth pair represented 
by the green graph. A vertical line in 
the upper diagram (at the center of the 
graphic) intersects the green graph at 
80 percent and the red and blue graphs 
at 10 percent. This means that 80 per-
cent of the input torque is transmit-
ted by one pair of teeth. In the cur-
rent example, the forged gear set has 
an effective contact ratio of 1:1 which 
means that on average 1:1 tooth pairs 
transmit the input torque at all times. 
A vertical line at the center of the 
lower diagram in Figure 9 (Coniflex 
Pro) intersects with the red and blue 
graphs at the 20 percent mark and 
with the green graph at the 60 percent 
mark. This means the maximal load the 
teeth have to transmit is 60 percent of 
the input torque because of the higher 
contribution of the neighboring tooth 
pairs. The effective contact ratio of the 
Coniflex Pro differential gear set in 
this example is 1:6. 

Figure 6—Contact analysis of Coniflex Pro gearset without crowning.

Figure 7—Contact analysis Coniflex Pro without profile shift (left side) and with double posi-
tive profile shift (right side).

Figure 8—Stress comparison, Coniflex Pro cut versus forged (side gear torque = 1000 Nm).

Figure 9—Comparison of load sharing and 
effective contact ratio (50 percent of nominal 
load was applied).
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Transmission Error 
and NVH Comparison

With the ANSYS Finite Element soft-
ware, the sample gear sets (cut and 
forged) have also been analyzed regard-
ing motion transmission error under 
load. Figure 10 shows the results of the 
transmission error for the noise critical 
side gear torque of 40 Nm. The solid blue 
graph shows the transmission errors of 
the Coniflex Pro differential, and the 
dotted red graph shows the results of the 
forged differential. The cut differential 
(blue graph) has a maximum transmis-
sion error of 155 µrad. For the forged 
counterpart, the maximal transmission 
error is 740 µrad which is about 5 times 
the amount of the cut differential. Fast 
Fourier Transformations (FFT) were 
performed from the motion transmis-
sion graphs in Figure 10. The results 
shown in Figure 11 present transmission 
error amplitudes versus orders of mesh. 
The forged gear set (Figure 11, right 
side) has 295 µrad amplitude at the first 
mesh harmonic, which is also more than 
5 times the value of the Coniflex Pro 
cut gear set (Figure 11, left side). FFT 
results reflect operating noise and vibra-

tion (NVH) rather well, which confirms 
that the sample Coniflex Pro differential 
has the potential to operate quietly in 
contrast to the forged version.

Summary
Coniflex Pro is a new development of 
straight bevel gears which, in contrast 
to the original Coniflex process, takes 
advantage of the geometric and kinematic 
freedoms available in Phoenix free-form 
machines. The advantages of a conju-
gate base geometry and the free control 
of length and profile crowning with the 
possibility of a kinematic tip relief in con-
nection with positive profile shifts in pin-
ion and gear have been compelling facts 
for manufacturers of differential gears for 
electric vehicles. The number of Coniflex 
Pro EV differential gear designs is con-
stantly increasing. Coniflex Pro differen-
tial gear sets can be designed and opti-
mized in the Gleason GEMS software 
system. The tools used are Coniflex Plus 
stick blade cutters. Digital flank form 
data including correction matrixes can 
be transferred via network to coordinate 
measuring machines and a closed cor-
rection loop between measurement and 

manufacturing machine can be estab-
lished. Also, the machine summaries for 
blade grinding, cutting, and grinding are 
generated in GEMS and can be trans-
ferred to the manufacturing machines 
via the network. Coniflex Pro differential 
gears can be ground after heat treatment. 
Standard differentials might, in extreme 
cases, see a maximum of 400 rpm relative 
speed between side gear and planet. For 
some EV drive concepts, the maximal rel-
ative differential speed is six times higher, 
which calls for a hard finishing operation 
after the heat treatment. GEMS also gen-
erates grinding summaries and grinding 
wheel geometry and design data. Cutter 
head and grinding wheel consolidation 
between different gear designs is easily 
possible because the profiles of blades and 
grinding wheels are simply straight. The 
major advantage of Coniflex Pro is the 
power density, which can be twice that of 
conventional differentials. The quiet roll-
ing is a welcome additional advantage. 
Both the high power density and low 
NVH properties make the change from 
forged differential gears to Coniflex Pro 
very interesting, especially for modern 
electric vehicles.
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Figure 10—Comparison of the motion transmission error 
Coniflex Pro (blue) vs. forged (red).

Figure 11—Comparison of Fast Fourier Amplitudes Coniflex Pro (left side) vs. forged (right side), side gear torque = 40 Nm.
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