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Linear motion — Maximal axial loads

Introduction

When used in combination with a lead screw to provide a linear motion, the stepper motor faces axial loads

on its shatft.

We will differentiate two cases:
1. the push-mode: generates a load which pushes the shaft towards the inside of the motor.

2. the pull-mode: generates a load which pulls the shaft outside the motor.

Push-mode
load pushes the 5haft_)
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Pull-mode
load pulls the shaft

Figure 1 - lllustration of a shaft load depending on actuation mode

This memo aims to provide the reader a good understanding of what maximal load the motor can overcome
while actuating a linear motion.
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Datasheet limits

When defining the limit of your linear actuator, there are 2 main data to keep in mind:

1. the maximal axial load the chosen motor can bear. Please note that ball-bearings are required
when using the motor as a linear actuator.

Shaft bearings " 2 sintered bearings ball bearings, preloaded
(Bearing code: SB) (Bearing code: 2R)
Shaft load max.:
—with shaft diameter 1,2 1,2 mm
—radial at 5 000 min-! (3 mm from bearing) 0,3 4 N
- axial at 5 000 min-! 0,3 3 N
— axial at standstill 0,3 11 N

Figure 2 - Extract of AM1020 datasheet.

2. The linear component datasheet curve:
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Figure 3 - Extract of M1.6 x 0.35 lead screw datasheet
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Push- vs Pull-mode

Elastic col

Figure 4 - lllustration of the elastic component providing the ball bearing preload.

A. Pull-mode
The maximal load the motor can pull is limited by the shaft maximal axial load indicated in the datasheet
(line 19). Indeed, this value represents the limit before which, in pull-mode, the axial play is ensured. If this
limit is exceeded, the elastic component that imposes a preload on the bearing will be elastically (and re-
versibly) deformed, and the shaft will move forward of about 200pum. When the load is relaxed, the shaft
moves back to its original position. This does not affect the proper operation of the motor.
If this displacement of 200um is not critical for the application, the maximum force the motor can pull is de-
fined by the linear component datasheet curve.
If the axial play is critical in pull-mode and not in push mode, special execution with the elastic component
placed at the front is available on request. For more information, please contact your point of sales.

B. Push-mode
The maximal load the motor can push is directly calculated from the motor Torque/speed curve, with a secu-
rity factor of 40% and a conservative lead screw efficiency ratio. You can find this calculated force in func-
tion of the speed on the linear component datasheet. Please note that this maximal load is, at low speed,
greater than the maximal shaft axial load indicated in the motor datasheet.

Push-mode
Max load = curve on linear component datasheet
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Pull-mode Shaft displacement if
Max load = max shaft axial load max load exceeded:
200 pm

Figure 5 - limits for axial forces the motor can overcome
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Legal notices

Copyrights. All rights reserved. No part of this Application Note may be copied, reproduced, saved in an information
system, altered or processed in any way without the express prior written consent of Dr. Fritz Faulhaber & Co. KG.
Industrial property rights. In publishing the Application Note Dr. Fritz Faulhaber & Co. KG does not expressly or im-
plicitly grant any rights in industrial property rights on which the applications and functions of the Application Note de-
scribed are directly or indirectly based nor does it transfer rights of use in such industrial property rights.

No part of contract; non-binding character of the Application Note. Unless otherwise stated the Application Note is
not a constituent part of contracts concluded by Dr. Fritz Faulhaber & Co. KG. The Application Note is a non-binding
description of a possible application. In particular Dr. Fritz Faulhaber & Co. KG does not guarantee and makes no rep-
resentation that the processes and functions illustrated in the Application Note can always be executed and implement-
ed as described and that they can be used in other contexts and environments with the same result without additional
tests or modifications.

No liability. Owing to the non-binding character of the Application Note Dr. Fritz Faulhaber & Co. KG will not accept any
liability for losses arising in connection with it.

Amendments to the Application Note. Dr. Fritz Faulhaber & Co. KG reserves the right to amend Application Notes.
The current version of this Application Note may be obtained from Dr. Fritz Faulhaber & Co. KG by calling +49 7031 638
385 or sending an e-mail to mcsupport@faulhaber.de.
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