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• Interface between static and moving machine elements. 
They significantly affect the machine characteristics. 

• Comes into play whenever precision and high load-
bearing capability are required, as is above all the case in 
machine construction and automation.

http://www.boschrexroth.com/brl


Historical Development
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Elements of a Machine
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Basic Structure
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Guides
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Guides with Different Types of Motion
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Machines could not execute movements without guidance components. Depending on the guide’s 
design, forces and moments can be transmitted in certain directions between moving and non-
moving components. Guides can generally be differentiated according to their type of motion.



Guides with Different Types of Contact Points 
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Linear guides can be differentiated according 
to the physical operating principle of the 
contact point



Guides

• Different operating 
principle of linear 
guides

Lecture 05 ME303 Introduction to Mechanical Design 14



Linear Guide Characteristics
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The table shows that 
rolling contact guides 
score excellent ratings 
for the most 
commonly demanded 
characteristics. 

When the price-
performance ratio is 
considered, it is no 
surprise that rolling 
contact guides have 
replaced conventional 
sliding guides more 
and more in recent 
years and now 
represent the standard 
in machine 
components.



Guides with Different Rolling Element Recirculation Principles

Lecture 05 ME303 Introduction to Mechanical Design 16



Drive
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Drive Types
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Electrical, electromechanical, pneumatic or hydraulic 
drives can be used for main and auxiliary drives.

Among the electromechanical drives, the ball screw 
drive belongs to the sub-category of transmission 
elements. It is also frequently called a feed component.



Screw Drive with Rolling Contacts

Lecture 05 ME303 Introduction to Mechanical Design 19



Contact Areas in Balls and Rollers 
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Ball Contact Conformity 
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Logarithmic and Cylindrical Roller Profiles 
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Elastic Deflection of 
Balls and Rollers



Running Track Geometry for Ball Rolling Elements 
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Circular-arc raceway 
2-point contact

Gothic-arch raceway 
4-point contact

Differential slip
Unlike point contact, because of the 
curved running tracks with 
conformity, the ball has a larger, 
elliptical and similarly curved 
contact area. The ball therefore rolls 
in a diameter range of d1 to d2.

The different effective rolling 
diameters d1 and d2 in the contact 
area result in different rolling speeds, 
which leads to partial sliding friction. 
This effect is termed differential slip.
The consequences of differential slip 
are a higher friction coefficient and 
hence a higher resistance to 
movement.

The differential slip is substantially 
greater in the 4-point contact Gothic-
arch raceway than it is in the 2-point 
contact circular-arc raceway. The 
friction coefficient is therefore lower 
with 2-point contact than with 4-
point contact.



Life Expentancy
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• The nominal life L is the distance that a component can cover before the 
first signs of fatigue appear on the running tracks or rolling elements. 
• Lundberg and Palmgren have developed a calculation method for 

predicting the life expectancy of an anti-friction bearing as a 
function of the loading.

• Probability of survival
• An individual bearing’s probability of survival is the probability that 

the bearing will achieve or exceed a certain service life. 
• The probability of survival is therefore a percentage of a group of 

identical bearings that have the same calculated life expectancy 
when operating under identical conditions.
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Life Expentancy
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Consult user manuals 
for detailed calculation.

Static or Dynamic Loading?

Lubrication conditions?

Sealing conditions?



Linear Motion Components
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Profiled Rail Systems
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high precision
low maintenance
low wear
low friction
highly accurate positioning



Structural Design of a Profiled Rail System 
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The runner block comprises several parts. It has one or more 
rolling element circuits with a load bearing zone and a return 
zone. In the load-bearing zone the rolling elements transmit the 
load from the runner block to the rail, and vice versa. 

In the return zone the rolling elements are not subjected to 
loading and are guided around the circuit and back into the 
load-bearing zone. This recirculation of the rolling elements 
allows unlimited linear travel.

Profiled rail systems consist of a runner block and a guide rail. 
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• A key component of the runner block is 
the body with its hardened raceways. 

• The rolling elements are normally made 
from anti-friction bearing steel and are in 
rolling contact with the runner block and 
with the rail. 

• The end caps contain recirculation pieces 
which guide the rolling elements from the 
load-bearing zone to the return zone, and 
vice versa. 

• The end caps are also designed to 
accommodate sealing elements. 

• A complete seal kit consists of the end 
wiper seals and the side seals, providing 
all-around sealing to prevent dirt or dust 
from working its way into the runner 
block. 

• Runner blocks are lubricated via lube 
ports in the end caps to ensure full 
functionality of the guide. 

• The guide rail has hardened running 
tracks to match the hardened raceways in 
the runner block.



Design Styles
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Reference Surfaces and Edges
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Coordinate System 
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Internal Structure of Profiled Rail Guides 
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Number of Rolling Element Rows 
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Comparison of X- and O-Arrangements 
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Product Selection Procedure 

Lecture 05 ME303 Introduction to Mechanical Design 38



Ball Rail Systems 
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System Characteristics
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Features
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Application Areas 

Ball rail systems are used in a 
wide variety of industries and 
applications.
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Other Types of Profiled Rail System
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Miniature eLINE Roller Cam Roller



Linear Bushings and Shafts 
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Structural Design of a Linear Bushing 
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Ball Screw Drives 
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Screw Drive Overview

• In linear motion technology, the generation 
of “push-pull” or drive motion is just as 
important as precise guidance of the 
machine parts. 
• Alongside rack and pinion drives and linear 

motors, screw drives (screw-and-nut systems) 
play an important role as feed mechanisms.

• These units convert rotary motion into linear 
motion. 

• The most important representatives in this 
group of systems are 
• acme screw drives, 
• ball screw drives and 
• planetary roller screw drives. 
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Structural Design of a Ball Screw Assembly 
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Most ball screw assemblies are driven by a 
motor attached to the screw journal (1)

Fixed & 
Driving

Linear 
Driven

Fixed

Linearly 
Driving & 
Driven

Fixed & 
Driving

Linearly 
Driven



Design Details
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Ball Track and Point Contact

Screw Dimensions

Screw Sizes

Multi-start Screws



Ball Nut & Recirculation Systems
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Open Drive Units 

• The drive units comprise a precision screw and a cylindrical single nut (with zero 
backlash or preloaded). 
• The aluminum ball nut enclosure is finished on all sides and has reference edges on both sides. 
• The pillow block units are made of robust extruded aluminum profile with reference edges on 

both sides and mounting holes as well as a locating feature for motor mounting. 
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Closed Drive Units 

• The closed drive unit with ball screw assembly has the same basic structure as the 
open drive unit, but is additionally provided with an enclosure and sealing strip. 
• This eliminates the need to design and install protective structures. 
• The unit comes complete with aluminum extrusion profile encapsulation and a steel or 

polyurethane sealing strip. 
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Linear Motion Systems
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Innovative Complete Solutions

• Linear motion systems are precise, ready-
to-install guidance and drive systems that 
combine high performance with compact 
dimensions. 
• Available in a wide variety of configurations, 

they can be used in many different industrial 
sectors.

• Machinery and equipment can often be 
built more rapidly, more easily, and more 
cost-efficiently using standardized linear 
motion systems. 
• Design, project engineering, manufacturing 

and logistics are all significantly simplified.
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Customer Applications for Linear Motion Systems
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• Essentially, a linear motion system can always be used whenever a 
linear movement is to be automated. 
• A mass is to be moved over a certain distance within a defined 

time.

• Typical tasks for linear motion systems are: 
• Handling (pick and place) 
• Assembly
• Measurement tasks
• Processing/machining 

• Linear motion systems can be used in every sector:
• Electronics and semi-conductor manufacturing Medical 

technology and pharmaceuticals industry
• General factory automation
• Woodworking
• Food and packaging industries 
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Basic Structural Design of 
Linear Motion Systems 
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Motors

Gear Units
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Type and Size Designations 
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Guideway Types

• The guideways are always mounted to the frame. 

• They are connected by screw fasteners and/or 
staking of the rail or shaft into the frame (ball rail 
system or cam roller guide). 

• In the case of linear bushings and shafts, the 
shafts are fastened to shaft support rails or to 
shaft support blocks at the shaft ends.

• The application requirements for rigidity and 
precision are important criteria for selecting the 
correct linear guideway. 

• The rigidity of the overall system depends on the 
type and number of guideways installed. 
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Drive Unit Types



Selection Example
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SHANGHAI PBC&MOONS’ LINEAR TECHNOLOGY CO., LTD.
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Bear Type Selection
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Bear Type Selection
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Bear Type Selection
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Drive Type Selection
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Drive Type Selection
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Drive Type Selection
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Motor Type 
Selection
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Motor Type 
Selection
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Motor Type 
Selection
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Accessories 
Selection
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Working Principals of Linear Motion Platform
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Working Principals of Linear Motion Platform
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Design of Linear Motion Platform
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Design of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Motor Selection of Linear Motion Platform
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Assignment 05

•9:+;<=>?@ABCDEF
GHI5J,K6?@ABLMN
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• Based on the user manual of the 
milling machine provided by the 
class, please find a mechanical 
system, write a user manual for a 
mechanical tool or machine, and 
submit one week before the end of 
this semester.

• Link to submission to be provided 
later

• Make sure your machine of choice is 
with a reasonable level of 
complexity.

• Consult me or TA before making 
your final choice of the targeted 
mechanical system for analysis.

To be submitted one week before the end of this semester.
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Thank you~
ME303 Introduction to Mechanical Design

Adapted from https://www.icourse163.org/course/HUST-1206698847

https://www.icourse163.org/course/HUST-1206698847

