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GENERAL 
 
This document contains equations for mechanics used in motion control systems. The different user 
inputs are needed depending on the type of mechanics. In this document these user input names are 
listed in connection with applications and reductions. The following additional symbol are also used: 

 = angular acceleration [rad/s2] 
prim = primary angular acceleration [rad/s2] 
sec = secondary angular acceleration [rad/s2] 
 = angular speed [rad] 

Moppo  = opposing torque [Nm], this can be negative too! 
M1 = required input torque [Nm] 
M2  = required secondary torque [Nm] 
g = gravity constant 9.81 m/s2 
 

The angular speed and the angular acceleration calculations are based on the input values of motion 
profile.   
 

REDUCTIONS 

1.1 Gear/gear 

 The primary and secondary inertias of reduction and coupling are 

1JJJ cprim  

2sec JJ  

where Jc  = Coupling inertia [kgm2] 

J1  = Driver gear Inertia [kgm2] 

J2  = Driven gear Inertia [kgm2] 

The ratio of reduction is  

1

2

r
ri  

where r1  = Driver gear Number of teeth  

 r2  = Driven gear Number of teeth  

1.2 Gearbox  

The primary and secondary inertias of gearbox and coupling are 

gboxcprim JJJ  

0secJ  

where Jc  = Coupling inertia [kgm2] 
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Jgbox  = Gearbox inertia [kgm2]  

Typically a gearbox manufacturer gives just one value of inertia. That inertia is valid at the power 

input of gearbox.  

The ratio of reduction is user given 

i = Gear ratio 

 

1.3 Belt and pulley  

The primary and secondary inertias of belt and pulley are 

4

2
mpb

mpcprim

Dm
JJJ  

dpJJ sec  

where Jc  = Coupling inertia [kgm2] 

Jmp  = Driver pulley Inertia [kgm2] 

Jdp  = Driven pulley Inertia [kgm2] 

mb  = Belt mass [kg] 

The ratio of reduction is 

mp

dp

D
D

i  

where Dmp  = Driver pulley Diameter [m] 

Ddp  = Driven pulley Diameter [m] 

1.4 Chain and sprocket 

The primary and secondary inertias of chain and sprocket are 

4

2
msc

mscprim
DmJJJ  

dsJJ sec  

where Jc  = Coupling inertia [kgm2] 

Jms  = Driver sprocket Inertia [kgm2] 

Jds  = Driven sprocket Inertia [kgm2] 

 Dms = Driver sprocket diameter [m] 

mc  = Chain mass [kg] 
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The ratio of reduction is 

ms

ds

r
ri  

where rms  = Driver sprocket Number of teeth 

 rds  = Driven sprocket Number of teeth 

1.5  None 

There is an option for cases when reduction is not used. 

1.6 Torques for all the reduction types 

For all the reduction types torques are computed with procedure 

first 
i

MJM 2secsec
1  

then primprim
Msign JMM )*(

11
11  

where  = Efficiency  

Efficiency is one of the input fields for all the reductions. 

This is the way to make sure the efficiency is handled systematically and with positive torque the full 
torque is divided by efficiency and with negative torque the magnitude off torque is reduced towards 
zero.  
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MECHANICS 

2.1  Conveyor 

The equivalent inertia of conveyor can be calculated as follows 

4
)( 222

mrbl

ir

mr
ir

dr

mr
drmrc

Dmm
D
DJ

D
DJJJJ  

where Jc  = Coupling inertia [kgm2] 

Jmr  = Driver roller Inertia [kgm2] 

Jdr  = Driven roller Inertia [kgm2] 

Jir  = Idler rollers Inertia [kgm2] 

Dmr  = Driver roller Diameter[m] 

Ddr  = Driven roller Diameter [m] 

Dir  = Idler rollers Diameter [m] 

ml  = Load mass [kg] 

mb  = Belt mass [kg] 

Required torque consists of accelerating torque, torque for opposing forces and losses. The follow-

ing equations are used when torques for all four quadrant are calculated.  

Torques are computed with procedure 

first 

 
oppo

Lbll
mr

oppo

MJM

FgmmsigngmDM

1

))(()(sin
2   

then )*(
11

11MsignMM  

where  = Efficiency  

 = Incline angle [deg],   

 = Coefficient of friction  

FL = Opposing force [N]  

 

Incline angle is angle between conveyor belt and horizontal plane and it shall be limited with UI 

between [90 ...-90 ]. Opposing force means thrust load acting against the movement of belt. 
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2.2 Cylinder Drive 

Cylinder Drive is universal load type for any application where only rotational movement acts. Total 

inertia of cylinder drive is 

nc JJJ  

where Jc  = Coupling inertia [kgm2] 

Jn = Load inertia [kgm2] 

 

Torques are computed with procedure 

first 

 
oppo

t
loppo

MJM

d
FsignM

1

2
)(

 

then )*(
11

11MsignMM  

where Fl  = Opposing force [N] 

dl = Conversion diameter [m] 

 = Efficiency  

2.3 Lead Screw 

The equivalent inertia of table and load is calculated as follows  

 

 

where the following input parameters are needed: 

Jc  = Coupling inertia [kgm2] 

Js  = Lead screw inertia [kgm2] 

mt  = Table mass [kg] 

ml  = Load mass [kg] 

p = Lead screw pitch [mm] 

 

Torque consists of accelerating torque and torque for opposing forces.  

Torques are computed with procedure 

first 

ltsc mmpJJJ
2

21000
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oppo

bLltltoppo

MJM

gmFgmmsigngmm
p

M

1

)cos)(()(sin)(
2
1

 

then )*(
11

11MsignMM  

where mb = Counterbalance mass [kg] 

 = Efficiency  

 = Incline angle [deg] 

 = Coefficient of friction 

F = Opposing force [N] 

 

Incline angle is angle between lead screw and horizontal plane. The coefficient of friction is for cal-

culation of frictional loss between table and bed or guide bars.  

2.4 Rack & Pinion 

The following equation is used for calculating equivalent inertia of table and load: 

4
)(

2
p

lrpc

D
mmJJJ  

where Jc  = Coupling inertia [kgm2] 

Jp  = Pinion inertia [kgm2] 

mr = Rack mass [kg] 

ml = Load mass [kg] 

Dp = Pinion diameter [m] 

 

Torque consists of accelerating/decelerating torque and torque for opposing forces.  

Torques are computed with procedure 

first  

oppo

tlrlroppo

MJM

FgmmsigngmmDM

1

)cos)(()(sin
2  

then )*(
11

11MsignMM  

where  = Efficiency  

 = Incline angle [deg]  

 = Coefficient of friction 
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Ft = Opposing force [N] 

 

Incline angle is angle between rack and horizontal plane. 

 

2.5 Rotating table 

The equivalent inertia of rotating table and load  
2mRJJJ tc  

where Jc  = Coupling inertia [kgm2] 

Jt  = Table inertia [kgm2] 

m = Load mass [kg] 

R = Load-center distance [m] 

 

The inertia of load depends on the position of load relative to the center of the rotating table.  

Torques are computed with procedure 

first  

oppo

foppo

MJM
rFsignM

1

)(
 

then )*(
11

11MsignMM  

where  = Efficiency  

Ff  = Opposing force [N] 

 r  = Opposing force distance [m] 

 

2.6 User Defined Linear 

User Defined is universal load type for any application where only linear movement acts.  

mDJJ c 4

2

 

where Jc =  Coupling inertia [kgm2] 

m  = Load mass [kg] 

D  = Conversion diameter [m] 

                                                       

Torques are computed with procedure 
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first 

 
oppo

oppo

MJM

mgFDsignM

1

2
)(

  

then )*(
11

11MsignMM  

 

where F = Opposing force [N]  

  = Efficiency  

 = Coefficient of friction  

 

2.7 Feed Roll  

Equivalent inertia of feed roll system is 

4

22

dfl

pf

df
pfdfc

Dm
D
D

JJJJ  

where Jc  = Coupling inertia [kgm2] 

Jdf  = Drive Feed roll Inertia [kgm2] 

Jpf  = Pinch feed roll Inertia [kgm2] 

Ddf  =Drive feed roll Diameter [m] 

Dpf  = Pinch feed roll Diameter [m] 

ml  = Strip mass [kg] 

 

Torques are computed with procedure 

first  

oppo

st
df

oppo

MJM

FF
D

signM

1

2
)(

 

then )*(
11

11MsignMM  

where Fst = Strip tension [N]  

F  = Frictional force [N] 

 = Efficiency  

Only positive values are allowed for strip tension and frictional force. 
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2.8 Spindle/Winder (not ready yet) 

The equivalent inertia of winder/unwinder has maximum value when roll diameter is biggest.   

44)(
32

)( irdcw DtDlJJtJ  

2
)(

)()(
1

1
i

r
ii tD

tvtDtD   

where  Jc  = inertia of coupling [kgm2] 

Jrd  = inertia of reeling drum [kgm2] 

l  = roll length [m] 

 = density [kg/m3] 

D  = roll diameter [m] 

Di = inside roll diameter [m] 

r = line speed 

 = thickness of material 

t = ti - ti-1 

 

When the roll needs to be drive at a constant tension then the torque must be altered linearly with 

diameter.  

Quadrant 1: motoring, rewinding 

flw TtDFJT )(1  

Quadrant 2: braking, rewinding 

flw TtDFJT )(  

Quadrant 3: motoring, unwinding 

 

Quadrant 4: braking, unwinding 
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INERTIA CALCULATOR 
 
An integrated inertia calculator can be used when the exact inertia of any part (as roller, screw, pul-

ley, sprocket etc) is unknown but dimensions and mass or dimensions and material are known.  

 Solid cylinder  

The following equation can be used for solid cylinder. 

42

22
rlrmJ S  

where  m  = mass [kg] 

r  = radius of cylinder 

l  = length [m] 

 = density [kg/m3] 

However diameters are more used in practise so input parameter d = 2r could be better.  

Hollow cylinder  

The inertia of hollow cylinder is 

4422

22 ioioS rrlrrmJ  

where  m  = mass [kg] 

ro = outer radius [m] 

ri  = inner radius [m] 

l  = length [m] 

 = density [kg/m3] 

 

Point mass 

 The inertia of point mass is  
2mRJ S  

where  m  = mass [kg] 

R = distance of load to center of table [m] 
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