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Ball bushing linear bearings can adapt 
to a variety of conditions due to their self-
aligning capability. Because the shaft is 
round, ball bushings are free to rotate in roll 
around their axis. This allows one rail to be 
installed at a slightly different elevation than 
the other, with height differences of 1 or 2 
mm often being acceptable when rails are 
installed 300 mm or more apart. Also, most 
ball bushings enable each linear bearing to 
rotate up to ½ a degree in pitch and yaw to 
accommodate flatness or alignment errors. 

Another significant benefit of round 
rail products is their circular profile, which 
allows the shaft to be end supported. This 
enables round linear bearing designs to 
span gaps of 12 to 24x the shaft diameter. 

The square rail solution to the prob-
lem of alignment is to simply use one 
rail. Because they can support move-
ments in all directions, profile rail bear-
ings do not need to be used in rail pairs 
or even bearing pairs. For light loads, a 

single profile rail bearing can provide the 
desired guidance (note that not all profile 
rail products are designed for this type of 
operation), which eliminates the problem 
of aligning two rails on divergent sur-
faces. However, alignment with the drive 
mechanism must still be accounted for, 
and profile rails are not designed to span 
gaps or be end supported. 

Design flexibility can be an important 
consideration in the choice of components. 
To achieve optimum performance, com-
ponents are often modified to enhance 
function or fit the available space. Profile 
rail bearings are more compact than round 
ball bushing bearings when load ratings 
are compared. So if the geometry supports 
the system needs, you will have a fairly 
optimized package. However, if modifica-
tions are necessary, it is generally easier to 
make those on a round rail system. 

In some applications smoothness is 
a major consideration. Although specif-
ics can vary between components and 
applications, ball bushing bearings tend to 
operate very smoothly and typically run 
with slight clearance or light preload of 1 
to 2% of the rated dynamic load, which 
also promotes smooth operation. 

One last consideration for round rail 
installations is that one can also run non-
ball type polymer bushings on the shafts. 
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Design engineers considering linear 
guides often struggle with which 
basic shape to choose: round or 

square. Which is right for your applica-
tion? 

Profile rail products are well suited 
for high load applications (in the range 
of ~20 kN for a 25 mm size is typical) 
that require good stiffness (on the order 
of 1 to 4 μm/kN for a 13% preload, for 
example), and high accuracy of 3 to 10 
μm/m when running parallelism between 
the bearing guide and rail. 

Square rails are available with preloads 
that can be specified from light (3% of 
the rated dynamic load) to heavy (13% 
of the rated dynamic load). The classic 
application for profile rail bearings is in 
the machine tool industry where load 
capacity, stiffness and accuracy are para-
mount. 

With load capacity, stiffness and accu-
racy all going for profile rail, some engi-
neers are tempted to look no further. 
However, this can result in poor system 
performance and increased up front and 
service costs. 

Round rail products can offer several 
advantages, one of which is the ability to 

run smoothly when mounted to less than 
perfect surfaces – those with a flatness 
error of over 150 μm/m. 

Feature: Power Transmission

Linear guide primer asks 
designers: ”round or square?”

Load capacity for a similar 
size square rail linear guide 
can be 3 or more times that 
of a round ball bushing 
when both are taken at a 
100 km travel life. round 
shafting can position loads 
to within thousandths of 
an inch where square can 
achieve ten-thousandths of 
an inch (micron accuracy).

By Robert Lipsett

Alignment with the 
drive mechanism must 
still be accounted for
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