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CALCULATION BASES

Design of LINE TECH linear units and their drives

Concept

The determination of service life must be 
calculated based on the respective docu-
ments of the linear guide system and the 
ball screw drives. Also for the toothed 
belt drive and the rack and pinion drive 
we shall refer to the specific literature.

Since the service life is normally depen-
dent on the linear guide system, the 
following formulae can be applied for 
approximate determination:

Dynamic load

Nominal service life L10 is derived from 
dynamic load rating Cdyn [N] and load Fr 
[N]:

              Cdyn  3

L10  =  (––––)	 [105 m rolling distance]
	  Fr

Static load

For purely static loading or impacts, static 
parameter fS is calculated to verify that 
a bridge module with a sufficiently high 
load-bearing capacity is selected.  
Factoring in static load rating C0 [N] and 
load Fr [N] gives:

          C0fS  =  ––––
          Fr

If fS ≥ 1, the safety margin is large enough.
If fS ≤ 1, please check with LINE TECH.

Remark

The above formulas are only valid if all lin-
ear bearings are loaded evenly, i.e. if the 
load Fr acts on the centre of the carriage.

The drive (ball screw / toothed belt drive 
/ rack and pinion drive) must be checked 
if any linear units are installed vertically. 
LINE TECH disposes of different test pro-
grams. If you provide us all the necessary 
information, we’ll be pleased to assist 
you.

Definition of the drive motor

The drive motor forms the link between 
the control signal and the movement to 
be applied to a given load.
Size and type of the drive motor primarily 
depend on the load, the required dis-
placement speed and the acceleration 
factor.
All calculations should be based on the 
most unfavourable operating conditions.

The necessary formulas are listed op-
posite to help you determine the correct 
motor characteristics for your application.
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Key to the formulas shown opposite: 

d	 [mm]	 =	 ball screw diameter

d1	 [mm]	 =	 diametre driving pinion

d2	 [mm]	 =	 diameter driven pinion

d3	 [mm]	 =	 pulley diameter

FL	 [N]	 =	 feed force

i	 [–]	 =	 gear reduction (at gear reduction 1:2 => i = 0.5)

J	 [kgm2]	 =	 mass moment of inertia

J1	 [kgm2]	 =	 mass moment of inertia of the driving wheel

J2	 [kgm2]	 =	 mass moment of inertia of the driven wheel

Jg	 [kgm2]	 =	 mass moment of inertia of the gearbox (relative to input)

JM	 [kgm2]	 =	 mass moment of inertia of the drive motor

JR	 [kgm2]	 =	 rotatory mass moment of inertia

JT	 [kgm2]	 =	 translatory mass moment of inertia

l	 [mm]	 =	 ball screw length

lR	 [mm]	 =	 pinion / pulley width

MB	 [Nm]	 =	 acceleration or braking torque

Md	 [Nm]	 =	 motor continuous torque (see specs. of your prefered motor)

Meff	 [Nm]	 =	 effective motor output torque

ML	 [Nm]	 =	 load torque

MM	 [Nm]	 =	 motor torque (see motor specs.)

Mmax	 [Nm]	 =	 peak motor torque

mT	 [kg]	 =	 external load (linear moved mass)

nk	 [min-1]	 =	 critical speed for ball screw drive

nM	 [min-1]	 =	 motor speed

p	 [mm]	 =	 screw pitch

PA	 [W]	 =	 power output

sB	 [mm]	 =	 acceleration/braking path

tB	 [s]	 =	 acceleration/braking time

tL	 [s]	 =	 running time under load torque

t0	 [s]	 =	 stop time without load

v	 [m/s]	 =	 feed rate

η	 [–]	 =	 mechanical efficiency on motor shaft 

Design of LINE TECH linear units and their drives

FORMULA COLLECTION

Motor speed                               [min-1]

Critical speed                          [min-1]

Load torque                                   [Nm]

Power output [W]

Translatory mass moment
of inertia

Rotatory mass moment
of inertia (for steel)

Sum of reduced mass moments
of inertia

Acceleration or
Braking moment MB = f (nM)

Acceleration or
Braking moment MB = f (sB)

Acceleration or
Braking time tB = f (nM)

Acceleration or
Braking time tB = f (sB)

Speed reached
after acceleration

Distance travelled
during acceleration

Sum of torques to be
overcome by the motor

Effective value of
motor output torque

Motor Motor

Motor
(screw pitch)

	 [kgm2]

	 [kgm2]

	 [kgm2]

	 [Nm]

	 [Nm]

	 [s]

	 [s]

	 [min-1]

	 [mm]

	 [Nm]

	 [Nm]

nM	 =	
v · 6 · 104

p · i
nM	 =	 nM	 =	

v · 6 · 104

π · d3 · i

v · 6 · 104

π · d3 · i

nK	 =	 120 · 106 · — —
d

l2

JR	 =	 7,7 · d4 · l · 10-13 JR	 =	 7,7 · d3
4 · lR · 10-13 JR	 =	 7,7 · d3

4 · lR · 10-13

J	 =	 JM + J1 + i2 (JR + JT + J2) J	 =	 JM + J1 + i2 (JR + JT + J2) J	 =	 JM + Jg + i2 (JR + JT)

ML	 =	 p · i
FL

2 000 · π
ML	 =	 d3 · i ML	 =	 d3 · i 

FL

2 000

FL

2 000

JT	 =	 mT	 · 10-6
p

2 · π
JT	 =	 mT	  · 10-6 JT	 =	 mT	  · 10-6

d3

2

d3

2

2 2 2

MB	 =	 MB	 =	 MB	 =	
nM · J

9.55 · tB

nM · J

9.55 · tB

nM · J

9.55 · tB

MB	 =	
4 · π · sB · J

p · i · tB
2

MB	 =	 MB	 =	
4 · sB · J

d3 · i · tB
2

4 · sB · J

d3 · i · tB
2

tB	 =	 tB	 =	 tB	 =	
nM · J

9.55 · MB

nM · J

9.55 · MB

nM · J

9.55 · MB

sB	 =	
nM · tB · p · i

120
sB	 =	 sB	 =	

nM · tB · d3 · π · i

120

nM · tB · d3 · π · i

120

nM	 =	
120 · sB

p · i · tB
nM	 =	 nM	 =	

120 · sB

d3 · π · i · tB

120 · sB

d3 · π · i · tB

MM	 =		  (ML + MB)	 MM	 =		  (ML + MB)	 MM	 =		  (ML + MB)	
1

h

1

h

1

h

PA	 =	 PA	 =	 PA	 =	
MM · nM

9.55

MM · nM

9.55

MM · nM

9.55

Meff	 =	                                                  · Md Meff	 =	                                                  · Md Meff	 =	                                                  · Md

∑ tB (MM/Md)
2 + ∑ tL (ML/Md)

2

∑ tB + ∑ tL + t0

∑ tB (MM/Md)
2 + ∑ tL (ML/Md)

2

∑ tB + ∑ tL + t0

∑ tB (MM/Md)
2 + ∑ tL (ML/Md)

2

∑ tB + ∑ tL + t0

tB	 =	
4 · π · sB · J

p · i · MB

tB	 =	 tB	 =	
4 · sB · J

d3 · i · MB

4 · sB · J

d3 · i · MB
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