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  Formula   
Ball screw (horizontal) Information parameters

Mass of load

mW
Mass of table

mT
External Force

F
Coefficient of friction

μ
Gear ratio

R
Gear + coupling moment of inertia

JG
(null)

ηG
Ball screw pitch

PB
Ball screw diameter

dB
Ball screw length

lB
Ball screw density

ρB
Combined efficiency

η
  

Constants

Gravity

g
= 9.80665 

(m/s2)

Circular constant

π
= 3.14159 

  

Force component

Frictional force 

FFR
= μ ( mW + mT )g 

(N)

Constant external force 

FC
= F 

(N)

  

Moment of inertia component
Rotor moment of inertia

JM
(kg.m2)     

Motor option moment of inertia

JMO
(kg.m2)     

Mechanism moment of inertia
(Ball screw) 

JMC
= π ρB lB dB4 / ( 32 R 2 ) 

(kg.m2)     

Load mass moment of inertia

JW
= (mW + mT )( Kvn / 2π )2
(kg.m2)     

Load moment of inertia

JL
= JMC + JG + JW
(kg.m2)     

Total load moment of inertia

JA
= JL + JM + JMO
(kg.m2)     

*

Kvn
= PB / R
(m/rev)

  

Torque component
Torque by friction

TFR
= FFR Kvn / ( 2π η ηG ) 

(N.m)

Constant torque

TC
= FC  Kvn / ( 2π η ηG ) 

(N.m)

Torque by force from forward

TFW
= 0 

(N.m)

Torque by force from backward

TBW
= 0 

(N.m)

  

Sections
Speed pattern section

i

= 1 .. n 

Section time

ti
(s)

Section speed

vi
(m/s)

  

Section time difference

tdi
= ti - ti-1
(s)

Section rotation speed

nMi
= vi / Kvn
(s-1)

Section rotation speed diffrence

nMdi
= ( vi - vi-1 ) / Kvn
(s-1)

  

Section acceleration torque

TAi
= JA ( 2π nMdi / tdi ) 

(N.m)

  

Section torque

Ti
(N.m)

    Normal ( nMi > 0 or nMi = 0, nMi-1 > 0 )

Ti
= TAi - TC - TFW + TFR
(N.m)

    Reverse ( nMi < 0 or nMi = 0, nMi-1 < 0 )

Ti
= TAi - TC - TBW - TFR
(N.m)

    Stopping ( nMi = 0)

        | TC | > TFR 

          TC > 0 

Ti
= - TC + TFR 

(N.m)

          TC < 0 

Ti
= - TC - TFR 

(N.m)

        | TC | <= TFR 

Ti
= 0

(N.m)

  

          n
Effective torque

TRMS
= √ ( (Σ Ti 2 tdi ) / tn )

(N.m)

          i=1



	

  Input   
Ball screw (horizontal) Information parameters
Item

Symbol

Input value

Unit

Conversion

Unit

Mass of load

mW
30

kg

3.000e+1

kg

Mass of table

mT
10

kg

1.000e+1

kg

External Force

F
500

N

5.000e+2

N

Coefficient of friction

μ
0.1

0.100

Gear ratio

R
1

1.000

Gear + coupling moment of inertia

JG
0.000

kg.m2

0.000

kg.m2
(null)

ηG
1

1.000

Ball screw pitch

PB
0.005

m

5.000e-3

m

Ball screw diameter

dB
0.02

m

2.000e-2

m

Ball screw length

lB
0.8

m

0.800

m

Ball screw density

ρB
7870.000

kg/m3

7.870e+3

kg/m3
Combined efficiency

η
1

1.000



	Speed
Section
i

End time
tin (s)

Reached speed
vin (m/s)

End time
ti (s)

Speed
vi (m/s)

1

0.400

0.100

0.400

0.100

2

1.400

0.100

1.400

0.100

3

1.900

0.000

1.900

0.000

4

4.000

0.000

4.000

0.000



	Motor specification :     SGM-02A*1 
Item

Symbol

value

Unit

Rated output

PMRTD
0.200

kW

Rated torque

TMRTD
0.637

N.m

Maximum torque

TMMAX
1.910

N.m

Rated rotation speed

nMRTD
3000

min-1
Maximum rotation speed

nMMAX
4500

min-1
Rotor moment of inertia

JM
1.230e-5

kg.m2
Motor option moment of inertia

JMO
0.000

kg.m2
Allowable moment of inertia ratio

RJLM
3.000e+1



	

  Result   
Force component

Frictional force 

FFR
= μ ( mW + mT )g
= 3.923e+1

(N)

Constant external force 

FC
= F 

= 5.000e+2

(N)

  

Moment of inertia component
Mechanism moment of inertia
(Ball screw) 

JMC
= π ρB lB dB4 / ( 32 R 2 )

= 9.890e-5 

(kg.m2)     

Load mass moment of inertia

JW
= (mW + mT )( Kvn / 2π )2
= 2.533e-5 

(kg.m2)     

Load moment of inertia

JL
= JMC + JG + JW
= 1.242e-4 

(kg.m2)     

Total load moment of inertia

JA
= JL + JM + JMO
= 1.365e-4 

(kg.m2)     

*

Kvn
= PB / R
= 5.000e-3

(m/rev)

  

Torque component

Torque by friction

TFR
= FFR Kvn / ( 2π η ηG ) 

= 3.122e-2

(N.m)

Constant torque

TC
= FC  Kvn / ( 2π η ηG ) 

= 0.398

(N.m)

Torque by force from forward

TFW
= 0.000 

(N.m)

Torque by force from backward

TBW
= 0.000 

(N.m)

  

Required maximum torque

TMAX
= 0.401

(N.m)

Effective torque

TRMS
= 0.367

(N.m)

Required maximum rotation speed

nMAX
= 1.200e+3

(min-1)

Moment of inertia ratio (load/rotor)

JL/JM
= 1.010e+1

Duty(Effective torque/Rated torque)

RTRMS
= 57.633

(%)

Torque ratio
(Peak torque/Instantaneous peak torque)

RTMAX
= 20.994

(%)

  



	Section time, rotation speed, torque conversions 
Section
i

End time
ti (s)

Rotation speed
nMi (s-1)

Rotation speed
60nMi (min-1)

Section torque
Ti (N.m)

1

0.400

2.000e+1

1.200e+3

-0.324

2

1.400

2.000e+1

1.200e+3

-0.367

3

1.900

0.000

0.000

-0.401

4

4.000

0.000

0.000

-0.367



	

  Motor sizing condition   
Maximum torque 

  ≥   

Required maximum torque

Rated torque 

  ≥   

Effective torque

Rated torque 

  ≥   

| Constant torque | + frictional torque

Maximum rotation speed 

  ≥   

Required maximum rotation speed
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