Gear ring forces

The purpose of this spreadsheet is to calculate the forces between
the sunwheel and the planet gears. The geometry of the tooth profile
is not considered. The problem here is that we have 3 equations and
4 unknowns. Often, these equations are solved by addressing the
geometry issue.
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Pitch diameter of the gear ring Dearring=1.2 m

Pitch diameter of the pinion Dyinion=0.3 m

Moment planet carrier M,,;:=2500 kN -m

Pressure angle a;:=20 deg
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Add. load on planet 4 F,:=53 kN

Force with added load 1 Fy,:=F+F,

Force with added load 2 Fy,:=Fy+F,

Force with added load 3 Fy,:==F3+F,

Force with added load 4 Fy,:=F,+F,

(Fin+Fop+Fs,+Fy,)

gearring ‘=

pinion

avr*

4

D

gearring

2
D pinion

2

,=1041.667 kN

F,=(1.164-10%) kN
Fy,=(1.002:10%) kN
F,,=907.667 kN

F,,=(1.095.10%) kN

F,,,=1041.917 kN



Setup first equations of motion

We now have three equations: the moment balance and force balances in the x and y
directions. To solve this system, we need four equations. However, the moment balance
provides only one additional equation.

To obtain the fourth equation, we can leverage the geometric symmetry of the gear system.
We can assume that the forces are evenly distributed across the planetary gears, and that the
radial load is equal on each tooth. With this geometric assumption, we can derive a fourth
equation.

By solving these four equations, we can determine the forces on the teeth of the gear system
and thereby solve the problem.

The three equations

Moment balance around the axis of the planetary carrier:
The moment balance around the axis of the planetary carrier tells us that the sum of all
moments around this axis must be equal to the total moment on the planetary carrier. So:

Mpl=(F1+F2+F3+F4) x(2/3)
Here:

M_pl = 2500 kNm, the moment on the planetary carrier.
D = 1.2 m, the diameter of the gear ring.
F_1, F_2, F_3, F_4 are the unknown forces on the teeth of the gear system.

Force balance in the x-direction:

F1-F_ 2xtan(a) - F 3+ F_4 x tan(a) = Frad

Here, Frad = 290 kN is the radial load on the planetary carrier. See the freebody diamgram
Force balance in the y-direction:

-F 1xtan(a)-F 2+F 3xtan(a)+F 4=0

Force witl

Force witl

Force witl

Force witl

Foqa= (F:



Step 1: Adding extra geometric symmetry for uniform force distribution

We utilize the geometric symmetry of the gear system by assuming that the forces are
evenly distributed across the planetary gears, and that the radial load is equal on each tooth.
Thus, each tooth experiences

Fr=(F1+F2+F3+F4)/4Fr

Fr is used to indicate the even distribution of force across the four teeth of the planet carrier.
This force is the sum of all forces on the teeth divided by the number of teeth, and is used

to check if the forces are evenly distributed across the teeth. F1, F2, F3, and F4 are the
forces on the planet gears.

4 Equations assumming that that the forces are evenly distributed across the
planetary gears

Moment balance around the axis of the planetary carrier:
M_pl=(F1+F2+F_3+F_4)x(2D/3)

Here, M_pl = 2500 kNm is the moment on the planetary carrier, and D = 1.2 m is the
diameter of the gear ring.

Equation for uniform force distribution:

Fr=(F1+F2+F3+F4)/4

Here, Fr is the radial force evenly distributed over each tooth.

Force balance in the x-direction:

F 1-F_2xtan(a) - F_3+ F_4 x tan(a) = Frad

Here, Frad = 290 kN is the radial load on the planetary carrier.

Force balance in the y-direction:

-F1xtan(a)-F2+F3xtan(a)+F 4=0

With these four equations, we have established a system of equations describing the

forces on the teeth of the gear system. We can now use numerical methods to solve
this system and find the values of F_1, F_2, F_3, F_4.



Solving the forces F1,F2, F3 and F4

The coefficient matrix A and the right-hand vector b are

formed as follows:

coefficient matrix A

vector matrix
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