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In the LEGO® Technic world we can see all kinds of 
mechanical actions: from the elementary circular and linear 
motions, through the more advanced elliptic and quadrilateral 
systems, to the complex multiple linkages that are capable 
of performing some amazing mechanical tasks. However, it 
is the first two―the circular and linear motions―that the vast 
majority of Technic models rely on. This time we shall focus on 
them, or more accurately, look at the ways to convert one to 
another, which is another common task occurring in all kinds of 
Technic models.

The carriers of the circular motion in Technic are almost 
exclusively axles, while there are many methods to build 
and implement linearly moving systems, each with its pros 
and cons; the choice usually depends on what the specific 
mechanism is supposed to do, and LEGO provides a 
considerable number of parts for this exact purpose.

Let’s start with a mechanism which is probably familiar to 
everyone, as it is widely employed for vehicle steering control: 
the rack and pinion system. Nowadays there are compact 
racks available in various sizes, though for large extents of 
movement it may be necessary to build a custom one using 
Technic bricks and some dedicated racks (part no. 3743).

A very useful feature of this system is its linearity, e.g. the fact 
that a given amount of angle of the pinion always corresponds 
to the identical movement length of the rack. Apart from vehicle 
steering, this is particularly important for various precision 
mechanics, robots or MINDSTORMS-based automation where 

one controls the exact movements of motors. An additional 
advantage is the virtually unlimited extent of the movement, 
since the custom racks are restricted in size only by their 
structural strength (and the pinion torque, which can however 
be increased by gearing down). Note that this system, like 
many others, works in reverse as well: the rack may be 
stationary and the pinion movable.

The main difficulty with rack and pinion mechanisms is their 
inherent size. For a rack to slide smoothly and accurately, the 
cradle needs to support it from all three free sides and it has 
to be long enough to prevent the rack from rocking too easily 
under strain. And of course, as with all systems involving 
meshing gears, it is prone to backlash.

Where even more precision is needed, one can benefit from 
the parts LEGO designed specifically for the purpose: linear 
actuators. Constructions made of standard beams, gears 
and axles can hardly rival their sub-millimetre accuracy of 
movement, and thanks to the low pitch angle of their internal 
worm gears they are capable of producing significant forces, 
especially the large actuator (part no. 61927c01). This has 
made them a popular choice with builders of construction 
vehicles, cranes and other models where plenty of force is 
involved, and their inability to be back-driven is an additional 
help in those cases.

However, the extent of their movement is limited to a couple 
of centimetres, and scaling them to something larger usually 
requires building a triangular structure or some type of a 
linkage. These, in turn, often imply the movement of the 
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A typical rack and pinion mechanism using a compact rack, used in 
many vehicles. Simple and effective.

Building a rack is also possible using dedicated rack parts and Technic 
bricks. It can be of any size and driven by any type of gear.
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actuator itself during operation, requiring some additional 
mechanisms that transfer the rotation to them in any position. 
It is not difficult, but may take up some valuable space. The 
official crane and excavator sets are good examples of these 
mechanisms.

One of the smallest and the easiest methods to convert 
rotation to linear motion are the simple rotating liftarms 
attached to the linearly moving parts via an intermediate 
beam, like the pistons in the internal combustion engines. This 
approach requires some kind of a rail or a cradle to ensure the 
linearity of moves, similar to the rack and pinion systems, as 
shown on the picture. While easily built with just a few parts 
and allowing large extents, they have two drawbacks that 
limit their usefulness in practice: an extremely high transfer 
ratio (i.e. small rotations lead to large linear movements, 
often requiring gearing down), and furthermore, extreme 
dependence of this ratio to the position the liftarm.

If the length and the position of the liftarm is cleverly placed, 
it may serve as a protection against the linear parts moving 
beyond the desired extents: for example, in the aforementioned 
engine, the pistons never travel beyond their designated 
cylinder, even when the crankshaft makes a full circle.

Sometimes one can go even simpler: if it is necessary to 
provide force in only one direction, while something else 
(probably gravity) takes care of it moving in the other one 
when released, and the required railing is in place, a simple 
string spooled on the input axle can work nicely. It has a nearly 
linear transfer ratio, is highly accurate, and allows the input 
rotational system to be completely separate from the linearly 
moving parts: all that is required are some simple pulleys in 
between. Of course, we are all familiar with one very common 
application of this technique in the real world ― elevators.

Besides the limitation to only one direction, this approach 
obviously does not work in reverse and cannot exert more 
force than the string can handle. But the LEGO® braided 
strings have a seriously high tensile strength, so it is usually 
enough for most models.

Another possibility is to use chains: for example, Technic link 
treads (parts no. 3873 and 57518) can be connected to 1x4 
plates or Technic pins respectively. After spreading such a 
chain tightly over two sprockets, rotating any of them will move 
a desired link (or more of them) attached to a mechanism 
straight between the sprocket tangent points. This is a very 
accurate movement with a completely linear transfer ratio, 
especially if the entire chain is tensioned with an additional 

Linear actuators are strong and very accurate, but require some 
underlying mechanics and have a limited range of movement.

Liftarms are very simple. In this case, an axle turns and slides the long 
red beam via two arms.

Where force in only one direction is needed (e.g. if the gravity takes 
care of the other direction), Strings can be a simple and accurate 
solution.



sprocket as described in one of my previous articles, Quest for 
Technic precision. On the other hand, it can’t be used where 
lots of power is required: it is only as strong as the chain itself, 
and as many have experienced, very high loads can dismantle 
it, especially the smaller 3873 link tread.

Furthermore, if one desires to pursue even more advanced 
solutions, there are many linkages that provide nearly or 
perfectly linear motion from a rotational one, which are not 

difficult to build using Technic arms, can be built in virtually any 
size and have solid strength. For example, Hoekens and Watt’s 
linkage are very simply built and create a motion very close to 
a straight line, and the Peaucellier-Lipkin linkage, while more 
complex, produces a perfect line. More information on these 
three and many other linkages would require a bit too much 
space for this article and stray from its basic idea, but it can be 
readily found around the Internet.
#

Converting circular to linear motion in a nutshell

- Rack and pinion offers good precision, strength and can be of virtually any size, but tends to get bulky at the larger 
  scales. It is very common, and applicable almost anywhere.

- Linear actuators are very accurate and can produce significant force, however their control mechanisms can get 
  complicated and they have a limited moving extents.

- Liftarms are simple, small, reliable and strong, but usually have inconvenient and changing transfer ratios (small 
  changes at the input produce large movements at the output).

- If a force in only one direction is needed, and it is not very large, spooled strings and pulleys are a small, easy and 
  accurate option.

- Chains with certain links connected to mechanical parts are very accurate, linear and not too difficult to build, but 
  should not be relied on when dealing with large forces.

- Some beam linkages are simple but not perfectly straight, while others are straight at the expense of complexity and 
  dimensions. However, they are all reliable and very strong.

Some tread links can be connected to bricks: this one can support a 
1x4 plate or a technic brick, as shown. They can also be used to slide 
a part in a straight.

Hoekens linkage is one of many that provide linear or nearly linear 
motion. Here, turning the axle moves the blue pin almost straightly for 
a couple of centimeters.
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