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DESIGN AND CALCULATION OF PLANETARY TRANSMISSION WITH BEVEL GEARS
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Abstract: In this paper, the design and calculation of planetary transmission with bevel gears for road vehicles is presented. It must transfer power to the wheels with the possibility
that wheels can rotate at different speeds. The basic calculation of transmission is performed for the drive machine, where an internal combustion engine is chosen, and for the
driven machine, which is a car, all forces of resistance are calculated so that the transmission needs to be overcome to move the car. Based on the standard ISO 23509:2016
norm, the calculation of geometry is performed for the input gear pair and it is defined as a hypoid gear pair. For the planetary transmission, a calculation of gear module for bevel
gears is first performed, and after that, the geometry is calculated. The calculation of the stress for root stress and Hertz contact pressure is performed for all bevel gears in

transmission.
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1 INTRODUCTION

At the appearance of the first four-wheeled road vehicles,
there was a problem of power transmission from the drive
machine to the wheels [1]. When a vehicle is moving over a
curved path, the outside wheel must cross more distance at
the same time as the inner wheel. If both wheels were
connected to the same shaft, one or the other would have to
slip. Initially, only one wheel would drive, resulting in a
series of disadvantages when transmitting. For this reason,
transmissions that transmit power to both wheels appear.
They ensure that the wheels rotate at different speeds. The
technical solution of this problem is based on the differential
planetary transmission with the bevel gears. Differential
transmission is characterized by transmissions with one input
shaft and multiple output shafts. In this case, it is
characterized by with two output shafts, because the power
needs to transfer on both wheels. Different wheel rotation
speeds provide a planetary transmission [2] that consists of
sun and planetary bevel gears. When the vehicle is moving
straight, the satellites rotate around the axis of the sun bevel
gears. However, when the vehicle is moving on the curved
path, then the satellites rotate around the axis of the sun bevel
gears and around its axis. In this way, one wheel will rotate
if the other wheel is completely blocked.
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Figure 1 Open differential [3]

Planetary transmissions with bevel gears can be open and
with a limited slip. Differentials with a limited slip can be
active and passive.

The open differential has a large opening on the
supporter that serves for an easier assembly of the bevel gears
(Fig. 1). Using the bolt joint, a driven bevel gear is connected
on the supporter flange. This gear is a member of the input
gear pair.

Limited slip differentials contain additional machine
elements that enable the directioning of the torque to the
desired wheel. Active transmissions contain electronic
feedback systems, while passive transmissions are fully
mechanical. Passive transmissions enable the directioning of
the torque from the wheel that rotates faster on a slower rotate
wheel (Fig. 2).

Figure 2 Limited slip differential [3]

Active differentials can direct the torque to any wheel.
The basis of the construction is an open differential that has
an extra planetary transmission at the output.

The greatest disadvantage of the open differential of a
planetary transmission for road vehicles is the inability to
direct the torque to the wheel with better adhesion on the
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ground. This problem can be explained when the wheels are
on surfaces with different friction factors. The rotation
moment at the open differential divides equally to the left and
right wheel; however, this is not enough to achieve the
traction force on the wheel with better adhesion to drive the
vehicle. If it is assumed that one wheel is immobile, then the
second wheel rotates twice in relation to the supporter. This
means that the wheel that has better adhesion on the ground
does not gain power from the drive machine because all
power is transmitting on the side with less resistance. This
disadvantage reduces the traction force of the vehicle. The
problem is possible to solve by blocking the transmission of
the differential or by increasing the adhesive force on the
wheel on the slippery surface.

2 BASIC CALCULATION OF TRANSMISSION

At the beginning, the design of the differential includes
a basic calculation. This calculation is important for the
determination of the transmission ratio. It is therefore
necessary to take into account the data of the drive and the
driven machine. The drive machine is an internal combustion
engine. The driven machine is a car which includes all forces
of resistance important for the calculation of the planetary
transmission.
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Figure 3 Factory characteristics of the power and torque on the drive machine [4]

Requirements for the calculation and design of the
planetary transmission with bevel gears are derived from the
requirement list [5]. Following the requirements that are
necessary for calculation: the drive machine is an internal
combustion engine Volkswagen 1,9 R4 TDI PD with the
following technical data [4]: Pm = 74 kW at speed n = 4000
1/min, Ty, = 240 Nm at speed n = 1800 - 2400 1/min. The
data are graphically presented in the diagram (Fig. 3). Other
data are: usability of the gearbox #m = 0.96, usability of the
cardan shaft nx = 0.98, usability of the differential 74 = 0.97,
acceleration of the vehicle ay, = 2.5 m/s?, maximum vehicle
speed at the highest transmission ratio vmax = 180 km/h, the
vehicle must accelerate from 0 to 100 km/h for 11 seconds,
the vehicle mass with the passengers and luggage is m, =

elements for the transfer of power and motion must be bevel
gears, the wheel dimensions are 205/55 16, traction force on
the drive wheels must be less than the friction force between
the wheels and the ground (no slip) and gearbox transmission
ratios: i1 = 3.5, i = 2.1,13 = 1.32, i4 = 0.97, is = 0.76, ir =
3.55.

2.1 Transmission Load from the Drive Side

When dimensioning design elements, it is necessary to
take the maximum load of the drive machine by which the
transmission can be loaded [6]. According to the requirement
list, for the drive machine for the transmission, the
Volkswagen 1.9 R4 TDI PD engine was selected [5]. The
technical data for this engine are listed in the previous title
and Fig. 3.

2.2 Transmission Load from the Driven Side

The total resistance force of the driven machine is equal
to the sum of the rolling resistance force (Fk), rising
resistance force (Fp) and inertial force of the vehicle (Fiv).
For this calculation, the force of air resistance has been
neglected. This is because the geometry of the car design is
not defined.

The rolling resistance force is generated because of the
deformation of the tire at the point of contact with the ground.
It is assumed that the vehicle is running on a flat surface
without rising. The rolling resistance is then the greatest. The
rolling resistance factor for rolling on the asphalt is fx = 0.02.
The weight of the vehicle is:

Gy =my -g=2100-9.81=20601 N @)
The rolling resistance force is:

Fx = fx -Gy =0.02-20601 = 412.02 N 2)
The rising resistance force is a component of the weight

force vector that acts in the opposite direction to the motion

of the rising vehicle (Fig. 4). The largest rising angle for road
vehicles is y = 6°.

Figure 4 Rising resistance force

The rising resistance force is:

2100 kg, resisting the rise resistance force from 6°, F, =G, -siny =20601-sin6° = 2153.391 N (3)
differential dimensions / x w X =610 x 400 x 350 mm, the
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The vehicle's inertial force occurs when the vehicle is
accelerating. It is necessary then the vehicle accelerate
translational. It is also necessary to accelerate all rotating
elements. The contribution factor of rotating masses for the
first degree of transmission is i = 1.165. Hence, the vehicle's
inertial force is:

Fy=my-a-w=2100-25-1.165=6116.25 N €))]
The total resistance force of the driven machine is:

F, =F +F, +F, =8681.661 N (5)

2.3 Calculation of the Transmission Ratio

The scheme of the planetary transmission with bevel
gears, derived from the requirement list, is presented in Fig.
S.
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Figure 5 Transmission scheme

For calculating the transmission ratio from the diagram
(Fig. 3) for the torque value T, = 240 N-m, the read value of
the drive machine number of revolutions is # = 1800 I/min.
Machine power is then Pn = 45.24 kW. The power at the
entrance to the planetary transmission is:

B =P, -1, 7, =4524-0.96-0.98 = 42,561 kW (6)

The angular speed on the first degree of the gearbox
transmission is:

_ O

_ 188.4956
il

=53.8559 rad/s @)

The torque that is transmitting via the cardan shaft to the
bevel gear z; (Fig. 5) is:

3
7= A 22000 790276 Nom ®)
©  53.8559

The kinematic ratio of the left and right wheel rotation
speed:

OB R 9)
Wp — W L

The drive is transmitting via the cardan shaft to the rear
wheels of the vehicle. It is assumed that the centre of gravity
of the vehicle is at its middle. The centre of gravity is equally
far from the front and rear wheels. The distance between the
axles of the vehicle is 2700 mm. Therefore, the force on one
of the last two wheels of the vehicle equals a quarter of the
weight of the vehicle. The amount of this force is F, =
5150.25 N. The friction factor for contact between the tire
and surface, in the case of tire-dry asphalt, is 4 = 0.9, so the
friction force on one wheel equals:

Fr=u-F, =0,9-5150.25=4635.225 N (10)

The traction force must be greater than the total
resistance force. It must also be smaller than the friction force
to avoid slipping. The greatest traction force is:

Fpg =2-F; =2-4635.225=9270.45 N (11)

Since the planetary transmission is derived as the open
differential, the torque is equally divided into the left and
right wheel:

T, =Ty, = F; -r; =4635.225-025=1160.66 N-m  (12)

The torque on a large wheel gear z,, assumed that there
are no losses, is:

T,=T +T, =1160.66+1160.66 =232132 N-m  (13)

The transmission ratio of bevel gears z; and z; is:

T .
L 20132, 450 4 (14)
T, 790276

Because of the losses, which are not considered, u = 3.
The following is the control calculation with losses:

o :ﬂzﬁ‘iﬂ:n.%m rad/s (15)
u
P, =B -5y =42.561-0.97 = 41.284 kW (16)
3
y = F2 41280075500 69 Nom<2321.3 Nom (17)
©,  17.95197

It can be confirmed that the calculation is exact.

3 CALCULATION OF BEVEL GEARS
3.1 Calculation of the Sun and Planetary Bevel Gear

The bevel gear load is done according to the mean values
of the additional gears as the load of virtual gears. The
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calculation is the same as the calculation of the gears, only
that the intermediate additional gear has the same width as
the bevel gear [7]. The bevel gear teeth number are z3 = 12

Teeth number of the equivalent gear:

Z3 12

and z; = 16. Therefore, the kinematic ratio is u = 1.33. The 3 = 0SS = €05 36.8699° = (26)
angle between the axes of the bevel gears is £ = 90°. The 3 '
les of the pitch bevel :
angies oF the piich bevel gears ate Middle module of the bevel gear:
tan J. —2—3—2—0 75 = &, =36.8699° (18) d 60
} z, 16 7 3 ’ mm=%=E=5mm 27)
0y =2 —-0; =90°-36.8699° = 53.1301° (19) ’
Clearance:
Orientation calculations of the module were performed.
The module considering the load of the tooth root is: c=025-m=025-6=1.5 mm (28)
m> 2. 3| Lmax €08 95 au Whole depth:
23+ A-Oppy
- (20) hy=h,=2-m+c=2-6+1.5=13.5 mm (29)
_ 2.§/1.16><10 c0336.8699° o o
12-22-333.3333 Addendum depth for the zero pair of bevel gears:
The module considering the load of the tooth flank is: hy=hy,=m=6 mm (30)
1 Ty -C0S° 8 Dedendum depth for th ir of bevel gears:
> z_i/uv +1 mas cos2 3.2 'Zrzrv 'Zgzv _ edendum depth for the zero pair of bevel gears
iy z3-A-Opps
hy =hy =m+c=6+1.5=7.5 mm @31
6 2 o
=2_31.77+1.1.16><10 cos” 36.87 1902252 = (1) . .
1.77 12%.22.1304 Addendum circle diameter:
=5.96 mm
dyy=dy+2-hy-cosdy= (32)
The adopted module of bevel gears is m = 6 mm. 72+2-6-c0s36.8699°=81.6 mm
3.1.1 Dimensions of the Planetary Bevel Gear Teeth face angle:
The dimensions are defined with the help of calculations h 6
and they determine the geometry of the planetary bevel gear tan k,; = RL3 = I =0.1 > x5 =K, =5.7106° (33)
z3. a
Pitch diameter:
Teeth root angle:
dy=z3-m=12-6=72 mm (22)
h .
tan Ky = —> “T5 0125 Ky =Ky =7.125016°  (34)
Radius of gear rack: R, 60
d .
R = 5 72 — 60 mm (23) Face angle of the bevel gear:
2-sind; 2-sin36.8699°
0,3 =03 + K3 =36.8699°+5.7106° = 42.5805° (35)
Face width:
Inner addendum diameter of the tooth:
R, 60
b="2=""-20 mm 24 b-sind
3 3 dia3:da3_2'—a3:
COS K3 (36)
Middle pitch diameter of the bevel gear: -si °
p g =81.6—2~20 sin42.5805 _ 544 mm
) ) c0s5.7106°
dyz =dy —b-sind; =72-20-sin36.87° = 60 mm (25)
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Pitch diameter of the middle equivalent gear:

d
Aoy = —2— = 60 =75 mm (37
coso;  €0s36.8699°

Pitch diameter of the equivalent gear:

d
dy=—>?—= 72 =90 mm (38)
cosd; €0s36.8699°

Addendum diameter of the equivalent gear:

doy =d 3 +2-h3 =90+2-6=102 mm 39)
Base diameter of the equivalent gear:
d 3 =dz-cosa =90-cos20° =84.5723 mm (40)

3.1.2 Dimensions of the Sun Bevel Gear

Dimensions that define the geometry of the sun bevel
gear z,; are determined by expressions that are equivalent to
the expressions for determining the dimensions of the bevel
gear zs3. It is only necessary to use the members with the index
note for the bevel gear z4. The dimensions of the bevel gear
z4 are presented in Tab. 1.

Table 1 Dimensions of the bevel gear z,

Name Mark Amount
Pitch diameter d, 96 mm
Middle pitch diameter dns 80 mm
Teeth number of the equivalent gear Zys 26.6666 mm
Addendum circle diameter dos 103.2 mm
Face angle of the bevel gear Oas 58.8407°
Pitch diameter of the middle equivalent gear Ayma 133.33 mm
Pitch diameter of the equivalent gear dys 160 mm
Addendum diameter of the equivalent gear dyas 172 mm
Base diameter of the equivalent gear dooa 150.351 mm

3.1.3 Load Calculation of the Tooth Root on the Planetary and
Sun Bevel Gear

According to the DIN for the material: the steel for
cementing, mark 15CrNi6, has the perm strength in the tooth
root of oriim3 = 500 MPa. The allowed stress in the tooth root
is:

Opp3 = Oppg = SFlm Ym Kex YT =
Flim sa
(41)

=ﬂ 111025 512.5 MPa

1.5 1.

| S}
NN

It was beforehand determined that the planetary
transmission will contain four planetary bevel gears.
According to that, the force on the tooth is:

7,  23x10°

Fos = = =9583.333 N 42
™ 4d, 4-60 (42

The stress into the tooth root of the planetary bevel gear
is:

F
OF3 = _t:f Yp Yoy - Kpy - Kpp =
m
(43)

_ 383333 5 s 11.1=311.4583 MPa
20-5

Since or3; < opps3, the calculation satisfies.
The stress into the tooth root of the sun bevel gear is or4
=253.9583 MPa. Since or4 < orps, the calculation satisfies.

3.1.4 Load Calculation of the Tooth Flank on the Planetary
and Sun Bevel Gear

For the material: steel 15CrNi6, which has the perm
strength in the tooth flank of oiim3 = 1630 MPa, the allowed
stress in the tooth flank is:

:M.KL.KHX.ZR.ZV.ZN.ZW:
Hmin (44)
1630
:E 1.05-1-1-1.025-1-1.1=1543.773 MPa

Oup3 = Onp4

The stress on the tooth flank of the planetary bevel gear:

u,+1 F
Ous =2y Luy Zgy '\/_‘ﬁ'KHa Kyp =
v “%ym3
=l89.84~2.5-1~\/1 75H_l'wl 1= (45)
1.78  20-75

=1499.1262 MPa

Since on3 < oups, the calculation satisfies.
The stress into the tooth flank of sun bevel gear is ops =
1124.6352 MPa. Since ous < onps, the calculation satisfies.

3.2 Hypoid Gears Calculation
This calculation is made according to the ISO
23509:2016 norm. In Tab. 2, the geometric values necessary

for the calculation are defined.

Table 2 Input geometry values

Name Mark Amount
Shaft angle z 90°
Hypoid offset a 50 mm
Number of teeth (pinion) z 14
Number of teeth (wheel) Z 42
Outer pitch diameter of wheel de 270 mm
Wheel face width b, 40 mm
Mean spiral angle of wheel P2 35°
Cutter radius Teo 115 mm
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calculation contains

an

Since the calculation is very extensive, the calculation is
made using the Excel spreadsheet calculator (Fig. 6). In This
figure is presented only as a part of the calculation. The
iteration procedure for
determination of the condition |Rmint — Rmi| < 0.0001:Ry;.

the
R

Before the iteration procedure, it is necessary to determine
the next parameters: gear ratio u = 3, hypoid dimension factor

F =1, wheel pitch angle J, = 62.68° and pinion pitch angle
01=25.29°. R is calculated according to the expression:

Rmint =

mint

d

As

_ ml
155
™ 2-sind

Ay A,

is calculated according to:

“Ag+ Ay - A4,

(46)

(47)

A 5 c [} - & H ' Ik L M " o ok Q 3 s T

1 1SO 23508:2006 Method 3 Face milling

: Shaft angle T 90 ondD: 20 | 0,24506585) Finion mean pitch diameter om1 [ 123,576709 Mean working depth hmw]g, 145575097

. Hypoid offser a 50 dC 20 |0,34506585] Wheel mean pitch diameter om?2 [234,4583734] Mean sddendurn, wheel arn2]3,658229639)

5 Number of teeth (pinion) 71 14 fielim ] shaft angle departure from 90 A% [ Mean dedendum, wheel him2| 6,63054122

& Mumber of teeth (wheel] 72 437 xhml 0,2 Offset angle in the pinion axial plane omo | 0,34317623 [19,6625) Mean addendumn, pinion ham1|5,487344458

7 | |Outer pitch diameter of wheel| dez 270 khap 1 Offsel angle in the pitch plane Cmp [0,381353243[21, 840 Mean dedendum, ginion nfrn1]4,601426401

& Wheel face width b2 40 Knfp 125 Offset in pitch plane ap_|49,1081121 Clearence ¢ |1,1a3196762]

. Maan spiral angle of wheel | fim2| 35 xsmn 0,021 Mean narmal module mmn |4,572787048 Mean whole depth hm [10,28877086

10 Cutter radius rc0 115 jetz [ Limit preassure angle rlim [ 0,145081284[8,3125] hm |10,28877086,

o —— ETT) ) I | Genersted normal preassure angle, drive side | cunD | 0,34906585 | 20 hm |10,28877086,

12 B2 0 0 1 Generated normal preassure angle, coast side | cinC | 034908585 20

13 Fffective preassure angle, drive side cieD [0,494147135(28,31 Determination of root angles and face angles.

fral Gear ratio u 3 1 CHECK 1 Effective preassure angle, coast side e [0,203984566[11,6875) Face angle, wheel a2 | 1,093951886)62, 6788
15 | | Hypoid dimension factor F 1 | 0,00884687 < E,ouassasg- Cuter pitch cone distance, wheel Re2 [151,9483297 Root angle, wheel 612 |10 ,6788]
1 Wheel pitch angle 42 |1,093978552 Inner pitch cone distance, wheel Ri2_[111,9483297) [auxiliary angle for calculating pinion offset angle in root p| R 1 o

) Pinian pilch angle 1 10,441531667]25,2979 [ Face width factor _|cbez | 05 ] Cutter pitch diameter, wheel de2 7699962806 [1uziliary angle Tor calculating pinian offset angle in face p| =0 o 0

1 Inner pitch diameter, wheel diz_|138,92046866) Finion offset angle in root plane 7R_| 034317623 [10,6625
19 Start of iteration Outer transverse module met2 [6.428482872 Pinion offset angle in face plane 0 |0,34317623 [19,6625
20 | | Whesl mean pitch diameter |dm2 [234,4616034] | rinionpitchangle | i1 |0,44156059 Wheel face width from caleulation point to outsidd be2 20 Face angle, pinion al | 0,446547865(75,6087)
21 | [Pinion offset angle in axial plan| <m [ 0,37339903 P1,3ga2] | Wheel pitch angle | 2 [1,093951886/62,6788] | Wheel face width fram calculation peint to inside | biz 20 Root angle, pinian A1 |0,446947865(25,6087)
» Pinion pitch angle 71 | 044153619 |crassing point to calculztion point alang wheel axid tzm2 |60,71958789) Addendum angle, pinion t1a1]0,005387275|p,30867]
23 | Pinion offset angle in pitch plar| <mp|0,415315088] Krassing point to calculation paint alang pinion axig tzm1 [110,3936326) Dedendum angle, pinion )1 |-0,005387275-0,2087)
2 Mean normal module | mmn|d,572850042] [Fich apex beyond crossing paint along axis, pinion| _tz1_|20,32325067) Wheel face apex beyand crossing point along wheel axis | tzF2 |3 959333697

s Spiral angle of pinian #mL[1,026180326 [Pitch apex beyond crossing point along axis, wheel| t:2_[0,158218455) Wheel raot apex beyond crossing point along wheel axis | tzR2 |7,62128173]

% Hypaid dimension factor F_|1,581100853) Pinion face apex beyand crossing point along pinion axis | tzF1]30,88681887)

27 | | Pinion mean pitch dismeter | dm1[123,5691475) D ination cf pinion face width Finion raat apex beyond crossing point alang pinion axs | ezR1] 7,0820793%

28 | | Mean cane distance of pinion | Rmi|144,5845923) FInion face width 1n pitch plane Tl [42,10161347

20 | | 'Mean cane distance of wheel | Rr2|131,3483297) [Firion face width from calculation point to front cr|_biA [#1,66710905) Determination of inner and outer spiral angles

30 Auslliary angle m [0,334963867 Pinion face width along pitch cone bl 4 Pinion

n Intermediate variable A3 |77 16615824] ‘Aditionsl pinion face width bx_|2.004193252 [ Wheel cone distance af outer pinion boundary point_|Re21]156.1755585)

2 Intermediate variable Ad_[63,73760058 Pinicn face widih from calculation point to inside | bil_|24,77130234 Wheel cane distance af Inn fon boundary paint | Ri21 |109,3458559)

33 Intermediate variable A5 |0,381052814) Pinion face width from calculation point to outside] be1 |24,22863766| Whee| spiral angle at auter houndary point {ie21]0,745330016 42,761
1 Intermediate variable A6 | 108,085744 | 'Whe spiral angle at inner boundary point 21| 0,495284361 28,3777
e Intermediate variable A7 omsaasmgl Determination of tooth depth Determination of tooth thickness Wheel

% Intermediate variable Rmint] 14457574 [outer addendum, pinion| hae1 [s,617572382 Mean normal preassure angle | on | n,zr@ssi 20 | Duter wheel spiral angle |.;ez|n,7?|5nan_n|m
2 |oumr dedendum, pin\nn[ hfel |A,570893477I I Thickness madification caafficient, pinian [ (smll 0,021 Iil Inner wheel spiral angle | iz [0,508103588 29‘1173

Figure 6 Hypoid gears calculation in Excel

Table 3 Remaining geometric dimensions

Outer pitch cone distance, pinion Rel 168,81329

Inner pitch cone distance, pinion Ril 119,81329
Outer pitch diameter, pinion del 144,2850201
Inner pitch diameter, pinion dil 102,4046327
QOutside diameter, pinion dael | 154,4430979
Outside diameter, wheel dae2 | 273,3543739
Outer root diameter, pinion dfel | 135,8392337
Outer root diameter, wheel dfe2 | 263,9097366
Inner addendum diameter diameter, pinion dail | 112,0853911
Inner addendum diameter diameter, wheel dai2 | 202,2785598
Inner dedendum diameter diameter, pinion dfil | 93,48152686
Inner dedendum diameter diameter, wheel dfiz [ 192,8339226
Crossing point to crown along axis, pinion txol | 129,8976525
Crossing point to crown along axis, wheel txo2 | 66,6490006
Crossing point to front crown along axis, pinion txil | 85,71025773
Crossing point to front crown along axis, wheel txi2 | 48,28988394
Pinion whole depth, perpendicular to the root cone| htl 10,28877086

Along with the calculation, the Excel spreadsheet

contains the next calculation points: calculation of the basic
geometric sizes of bevel gears, the mean tooth depth
calculation, calculation of the face and root angles, face
width calculation of the pinion gear, calculation of the inner
and outer spiral angle, calculation of the inner and outer

depth of teeth, teeth thickness calculation and calculation of
the remaining geometric dimensions. The results of the last
calculation point are presented in Tab. 3. The obtained results
are expressed in millimetres.

M8,

> —
<

|
$263,91

$270
$273,35

37

Figure 8 Wheel gear
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A detailed analytical calculation, with all the necessary
expressions, is presented in [5].

According the calculation, the pinion and wheel bevel
gear are designed. The dimensions are presented in Fig. 7 and
Fig. 8.

3.2.1 Load Calculation of the Tooth Root and the Flank of the
Pinion Hypoid Gear

For the material of the pinion sun gear, according to the
DIN, the 17CrNiMo6 steel for cementing was selected. The
amounts of the perm strength for the tooth root and flank are
ortimi = 500 MPa and owiim1 = 1630 MPa. The allowed stress
on the tooth root is:

_ OFlim1 %,

Oppr=— o Kex Iy Tr =
SFlim Ysa
500 2.1 (48)
=—--—-1-1.1,025 = 448.4375 MPa
1.5 1.6

The force on the tooth is:

2.7, 2.790271.8

F_ ., = =10954.3168 N 49
g, 144.285 “49)
It follows that:
F
OFo1 szﬂ'YFa 'Ysa Ys Yb =
1 Mn
10954.316 (50)
=—— " ~.325.1.6-0.364-0.75=69.38 MPa
49-4.572

The amount of stress on the tooth root is:

O = 0pg1 - Ky Ky - Kpy - Kpg =

D
=69.383-1.5-1.05-1:1=109.2184 MPa

Since or; < orp1, the calculation satisfies.
The allowed stress on the tooth flank is:

Oyp1 = 2 lim1 Ky Kyx Zp Zy-Zy-Zy =

Hmin (52)
1630
=34.05-1-1-1.05-1'1.1=1581.426 MPa

It follows that:

F u, +1
O, :Z ~Z Z Z .Z . A._V =
HO1 H ZE 4¢ 4p 4K bd, u
10954.3 5.91+1
49-159.5 5091

v

=1.79-189.8-1-O.71-0.85-\/ = (53)

=266.9 MPa

The amount of stress on the tooth flank is:

On1 = OHol '\/KA Ky Ko Kyp =

(54)
=266.9106-/1.5-1.05-1-1 =334.9701 MPa

Since ou1 < oup1, the calculation satisfies.

3.2.2 Load Calculation of the Tooth Root and the Flank of the
Wheel Gear

For the material of the wheel gear, according to the DIN,
the 16MnCr5 steel for cementing was selected. The amounts
of the perm strength for the tooth root and the flank are oriim>
=460 MPa and oxiim2 = 1630 MPa.

According to the Eq. (48), the allowed stress on the tooth
root for the wheel gear is g, = 370.8427 MPa. According to
the Eq. (49), the force on the tooth is Finp = 17037.2705 N.
Hence, according to the Eq. (50), it follows that opp, =
147.6882 MPa. The stress on the tooth root, according to Eq.
(51), is or2 = 232.6089 MPa. Since or; < orp2, the calculation
satisfies.

According to Eq. (52), the allowed stress on the tooth
flank for the wheel gear is oupr = 1543.773 MPa. Hence,
according to the Eq. (53), it follows that ono> = 303.3964
MPa.

The stress on the tooth flank, according to Eq. (54), is om2
= 380.7595 MPa. Since ouz < oupa, the calculation satisfies.

According to the calculation, a planetary transmission
with bevel gears was modelled in CAD. The 3D model is
presented in Fig. 9.

Figure 9 Planetary differential for road vehicles

4 CONCLUSION

The differential designed in this paper must enable
different rotation speeds on the wheels when they are
entering in the bend. Therefore, the most important part of
this transmission is planetary transmission, consisting of sun
and planetary bevel gears. Bevel gears in comparison with
other type of gears have lower loads and usability with more
complex geometry and fabrication process. Hence, they
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should be installed in the first degree of the transmission
because the smallest torques are there. In this case, they are
at the end of the transmission chain and this creates additional
problems in the dimensioning process. The momentum of the
internal combustion engine first increases in the gearbox, and
then it increases in the input gear pair. This ultimately leads
to a very high amount of torque that planetary gears have to
convey. For this reason, instead of two satellites, a four-
satellite construction has been designed to allow the
planetary transmission unload.

The load calculation of the tooth root and flank on the
planetary bevel gears is based on the stress calculation of the
equivalent virtual gears. Some influential factors are taken in
value 1 even though their real value is lower. This results
with a higher security of the calculation, since the bevel gears
have a lower load than the other types of gears. These are the
factors such as the load contribution factor, factor of the
degree of overlap and the load distribution factor in the root
and on the flank tooth. Because of this and the higher amount
of torque, there have been a greater number of gear modules
in the orientation calculation. Since the dimensions of the
differential are limited, a smaller differential is designed with
a smaller number of teeth. The stress results were therefore
increased, because it could not go for a solution with larger
modules or a larger number of teeth. This would result with
the dimension increase of the differential. Although the stress
results are of higher amounts, the results of the calculation
are satisfying because they are lower than the permitted
values.

The input gear pair is defined as a hypoid gear pair. This
pair has a much quieter pace when transmitting high power
and speed. They have a higher degree of overlap and a good
grip even in the case of mild improper distribution of the
load. The load calculation of the tooth root and the flank on
the hypoid gear pair is based on the calculation of the
equivalent virtual helical gears. The results are satisfactory
and the gears are well dimensioned. Due to the rough
calculation of the hypoid pair based on the calculation of
virtual gears, it can be concluded that the actual stresses are
lower than the calculated. This is because the curved teeth in
relation to the helical teeth can carry higher loads and higher
speeds with a better degree of overlap.
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