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preface

The first edition of The Unofficial LEGO Technic Builder’s Guide was written with one simple goal: to share everything I’ve learned about building with LEGO Technic during the past 20 years. This plan inevitably met with some limitations, not least of which were the page count and the vast amount of work involved. It was also an unprecedented book in LEGO Technic field, and we were sailing in uncharted waters, so to speak.

Fortunately, thanks to the warm welcome and great feedback of many great builders who found the original guide useful, you are now holding the second edition, which I was able to expand and update substantially. By necessity, it still does not cover everything you can build, and it never will, considering that just six basic 2×4 LEGO bricks can be combined in more than 915 million ways. The original guide consisted of 21 chapters. In this second edition, 13 of these chapters are updated and 4 brand-new chapters are added. The updates include introducing the new pieces the LEGO Group has released, as well as corrections, improvements, and newly developed mechanical solutions—for example, the best transmission design I’ve ever created (page 321). Many sections of the original text are revised or rewritten to make them easier to understand and more accurate; with the same goal in mind, many original figures and diagrams are newly created.

The new chapters cover a variety of topics, from the deceptively simple subject of LEGO wheels to the more obviously advanced, like planetary gearing and custom 3D-printed pieces. I also discuss the legendary LEGO RC system—a system that, although only available secondhand, in many respects still outperforms the solutions LEGO relies on today.

My goal in this new edition remains the same: to equip you for your own adventure in designing and building your own models with LEGO Technic. LEGO sets usually include complete building instructions but no explanations about how things work. I decided to take the opposite approach by introducing the principles that make LEGO constructions work and by showing you component mechanisms, such as transmissions or suspension systems, which you can then incorporate into your creations. It is my intent to offer you a choice: You can not only build LEGO sets, but you can also create new designs on your own. You can also try combining the two approaches by customizing LEGO sets, each of which can be changed in countless ways.

Any construction you find in this book should not be considered a definitive design. There’s always room for tinkering and improvements. In fact, some of the constructions shown in this guide deliberately use basic LEGO pieces to help builders with limited LEGO resources. If you’re fortunate to have newer, more sophisticated pieces at hand, don’t hesitate to experiment with upgrades. If your collection is modest, keep in mind that creative thinking can overcome nearly any limitation.

As explained in “Where to Buy LEGO Pieces?” on page xix, this book intentionally relies on many earlier LEGO pieces and on the BrickLink’s catalog for their numbers and names. BrickLink (http://www.bricklink.com/) offers a vast secondhand market right at your fingertips; you’ll be able to find and purchase pretty much any kind of LEGO piece ever made.

Playing with LEGO is a fantastic hobby that comes in many flavors, from collecting pieces to customizing existing sets to creating models on your own. I strongly believe that the last one is the most satisfying—it’s a unique experience to build something you’ve invented and see it work as you intended. I hope this book will help you to have this experience, too.
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where to buy LEGO pieces?

You may soon notice that several pieces used in this book are hard to find in the latest LEGO sets. That’s natural—most LEGO sets are discontinued after two or three years of production, so many individual pieces go out of production as well. Some elements get replaced by something better; others are gone forever.

Luckily, finding these older pieces isn’t an issue thanks to the secondhand market. Countless international sellers have all sorts of LEGO pieces available for purchase. The best place to look is, of course, online. Other than obvious websites, such as eBay (http://www.ebay.com/), there are specialized online LEGO markets, most notably BrickLink (http://www.bricklink.com/). It’s Bricklink I am referring to when discussing availability and pricing of various pieces throughout this book, and it’s Bricklink’s vast and up-to-date catalog that the piece ID numbers in the book come from.

Bricklink has been operating since 2000, and over the years it has become the essential source of cheap pieces for the worldwide community of LEGO builders. It has a ratings system for each seller so you can check whether you’re buying from someone trustworthy, and the prices can be quite good, often beating all alternatives. In short, it’s safe, it’s cheap, and it will let you find the pieces you need. Shopping at BrickLink is a daily routine for many builders. I’ve personally made more than 600 orders myself, and only 2 of these orders went missing (most likely because of the post office); in both cases, the sellers happily compensated the loss.

The key to using BrickLink effectively is understanding that it’s not a single online shop but an immense collection of individual shops located all over the world. Almost all shopping starts by following these two steps: (1) Simply find the item you’re interested in and (2) select your desired color, quality, and condition (new or used). BrickLink will then provide you with a list of shops that have the desired item (or items) for sale, and you can narrow that list down by selecting the region you want to shop from (nobody wants to pay for shipping from across the world if they don’t have to). From there, all that remains is to click the desired shop and add the items to your basket. (You can also browse what else this particular shop has to offer, which may end badly for your wallet.) Once you’re happy with your basket, check out and wait for the seller to send you an invoice, which will also tell you how to pay for your order.

[image: image]

You pay individual sellers, not BrickLink itself, and there are many payment options available, from onsite PayPal payment to money transfers. When in doubt, refer to Brick-Link’s extensive Help section.


PART I
basics


1
basic concepts

This chapter explains the basic concepts we’ll be exploring as we build. Note that it aims for strictly practical knowledge. Its goal is to get you acquainted with the laws of physics involved in building working LEGO mechanisms, not to cover everything a practicing engineer or physicist needs to know. So let’s get started with the basics.

speed

Speed describes how fast an object moves. When you think of speed, you likely think about the distance a vehicle can travel within a certain unit of time. We call this linear speed, and we will be measuring it in kilometers per hour (kph).

But there’s another type of speed, called rotational speed, which tells us how fast an object rotates. We’ll need to understand rotational speed, as most LEGO mechanisms are powered by spinning axles, whose rotary motion is transformed into a vehicle’s linear speed using wheels or tank treads. Rotational speed is measured in rotations per minute (RPM). Various types of LEGO motors deliver different RPM, from less than 20 RPM to more than 1,000 RPM.

torque

Torque describes the turning force applied to an object. For example, when a LEGO motor drives an axle, it’s applying torque to that axle. The more torque a motor applies, the stronger the rotation and the more resistance it takes to stop the motor. A motor that has enough torque to drive a 1 kg vehicle, for instance, might be stopped when trying to drive a 2 kg vehicle.

In LEGO Technic, the torque of LEGO motors can be measured in units called Newton centimeters (N•cm). The torque available from a motor is constant for a given power source: For example, the weakest LEGO motors provide 0.5 N•cm of torque, while the strongest ones provide 16.7 N•cm. The situation is different when you drive a mechanism manually—the amount of torque is variable and depends on how much physical strength you apply.

Understanding torque is crucial to understanding the capability of motors and the mechanisms they drive, as well as the limits of LEGO pieces. High torque creates stress that can damage and destroy LEGO pieces. We will learn how to prevent such damage in Chapter 12. Even more importantly, we’ll explore the relationship between torque and rotational speed.

power

In this book, power refers to mechanical power, which is the product of torque and rotational speed. So torque multiplied by speed gives mechanical power, which is normally measured in watts (W). LEGO motors provide various degrees of power depending on their type, from 0.021 W to 2.38 W. While the concept of power is fairly complex, we will be using it mainly as a faster way to say “speed and torque together.”

The power of a particular LEGO motor is affected by the voltage of its power source (that is, its battery). Most modern LEGO motors are meant to be powered at 9V. Although they can run at a lower voltage with lower power, a higher voltage can damage them.

friction

When two or more surfaces make contact and slide against each other, friction is a force that resists their movement. You’ll see friction whenever two LEGO pieces are in contact and moving at different speeds. This means that every LEGO mechanism is affected by friction, which we have to overcome when we drive a mechanism. Friction dissipates some of the input force we’ve applied to the system, thus reducing both torque and speed.

The amount of friction increases as parts press against each other harder, and it also depends on the type of surface: Smooth, firm surfaces generate less friction than rough, soft ones. Friction can be decreased by separating the surfaces with a lubricating medium, such as a grease.

When building LEGO mechanisms, some notable points of friction are between two meshed gears, between a rotating axle and a piece with a pin hole that houses it, and between wheels and a surface they’re rolling on. Large amounts of friction, resulting from a large number of moving parts, can render a mechanism useless and wear down or even damage LEGO pieces. (Of course, frictional forces are also present in static, nonmoving connections between LEGO pieces, which is why they stick together.)

traction

Traction, also called grip, describes the maximum frictional force that can be generated between two surfaces before they slip. We will be using the term when discussing tires— tires with good traction don’t slip over a surface as easily as tires with poor traction.

Traction depends primarily on the hardness and shape of the tires as well as the material that the tires are made of. For example, rubber tires always have better traction than solid plastic wheels because rubber is soft and sticky compared to hard plastic. The differences in shape come down to the profile and tread of the tires. Traction is better when a tire contacts a large area of the road’s surface, and a tire’s profile and tread determine how much of a given type of surface the tire contacts.

As Figure 1-1 shows, tires that have a flat profile and a small, shallow tread have a larger area of contact on flat, smooth surfaces than tires that have a round profile and a large, deep tread. On the other hand, tires with a round profile and a large, deep tread have better contact with irregular, loose, or muddy surfaces. This is why the first type of tire is typical of sports cars designed for roads, while the second type of tire is typical of off-road cars designed for rough terrain.

[image: image]

Figure 1-1: A tire with a flat profile and small tread (left) has better contact with a flat surface than a tire with a round profile and large tread (right).

Finally, the width of the tires also matters simply because wider tires will come into contact with a larger area of the road’s surface.

In most cases, you want your tires to provide as much traction as possible. One exception is when you want your tires to slip—for example, to make your vehicle drift. The 8366 Supersonic RC set comes with two sets of rear tires: one with rubber tires for regular driving and one with solid plastic tires for drifting.

rolling resistance

Rolling resistance describes the resistance generated by rolling an object on a surface, and it is particularly important for wheels. All solid wheels have similar rolling resistance, but for wheels with tires, resistance varies a lot depending on the tires’ characteristics.

Tires that are soft and wide, such as the one shown in Figure 1-2, generate more rolling resistance than tires that are hard and narrow. The resistance also depends on the vehicle’s weight because weight deforms the tires, increasing their rolling resistance. Finally, the type of surface the wheels are in contact with affects the resistance. Smooth, flat, firm surfaces—such as asphalt or glass—lower the rolling resistance, while loose, boggy, soft, and sticky surfaces— such as sand, mud, or grass—increase it.

[image: image]

Figure 1-2: Typical off-road tires, which are soft and bulging, have particularly high rolling resistance. Apparently, they make up for it with their flavor.

Rolling resistance is an important factor when choosing wheels and tires, but it is usually less important than traction. There are only a few types of LEGO tires whose rolling resistance is a serious concern, so in most cases you will find improved traction worth a little more resistance. Good traction almost always comes at the cost of extra rolling resistance.

backlash

Backlash describes the gaps between mating components, such as two gears, as shown in Figure 1-3. Practically every LEGO Technic connection has some backlash, and too much backlash is highly undesirable. When you start, stop, or reverse a mechanism, backlash will create a delay in the motion between its input and output. High backlash results in a longer delay, making the whole mechanism inaccurate and sluggish.

While building, remember that the backlash of many moving parts sums up, meaning that it accumulates over the entire mechanism. So a mechanism with four gears will have more backlash than a mechanism with two gears. One way to reduce backlash is to make your mechanism as simple as possible, and another is to replace high-backlash components, such as gears, with low-backlash ones, such as pneumatic cylinders (see Chapter 10) or linear actuators (see Chapter 14).

efficiency

Efficiency describes how much of the power we apply to a mechanism is actually used and how much is dissipated as friction. It is usually expressed as a percentage: For example, a 50 percent efficiency means that a mechanism effectively uses half of the power delivered to it and the other half is lost.

[image: image]

Figure 1-3: Backlash, in the form of a gap between the teeth of two mating gears, is particularly large for 8-tooth gears.

In LEGO mechanisms, efficiency is generally low because LEGO pieces are simple and lack sophisticated mechanical solutions designed to lower friction, such as ball bearings. It is difficult to accurately measure the efficiency of any LEGO mechanism. Instead, we should focus simply on keeping the friction as low as possible.

The only way to improve efficiency is to reduce friction in our mechanism, and the simplest way to do reduce friction is to limit the number of moving parts. Weight is also an important factor because heavy moving parts generate more friction than light ones; size is a factor, too, as larger parts are heavier. In general, the simpler and lighter the mechanism, the more efficient it is.

vehicular concepts

At this point, we should have a good understanding of the basic physics and engineering concepts that apply to various constructions. Next we’ll focus on issues related to vehicles. Since vehicles form the vast majority of both LEGO Technic sets and custom builds, we will be referring to these concepts throughout this book.

driveshaft

A driveshaft is a mechanical component, usually an axle, that transmits power from the motor to a mechanism. It connects—sometimes not directly—two components: one that generates power and a second that receives it. A typical car, for example, has a single driveshaft that connects its gearbox to one or both of its axles. In other words, the drive-shaft connects the engine indirectly, through a gearbox, to a receiving mechanism, which in this case is the wheels.

Driveshafts can also incorporate universal joints or extendable sections, as shown in Figure 1-4. These incorporated pieces allow for variations in the alignment of and distance between the power input and the receiving mechanism.

drivetrain

The drivetrain, also called a powertrain, is a group of components that generate power and deliver it in a vehicle. This group typically includes the motor, transmission (also known as a gearbox), driveshaft, axles, and final drive (the wheels, tracks, or propellers). While components in the middle of a drivetrain may vary—for example, there may be no transmission—the ends of the drivetrain remain the same: One is the propulsion motor (or motors), and the other is the final drive.

driveline

The driveline refers to the three final components: the drive-shaft, axle, and final drive. In other words, the driveline is the drivetrain minus the motor and gearbox. If you consider a regular bicycle, the drivetrain would include the bicyclist (acting as a motor), the pedals, the gears, the chain, and the rear wheel as the final drive. The driveline, on the other hand, would include just the chain and the rear wheel.

turning radius

The turning radius, also called the turning circle, is the radius of the smallest U-turn the vehicle can make. Note that a vehicle’s bodywork often overhangs the wheels, and the turning radius can be measured including its frame (a wall-to-wall turning radius) or without the frame, taking only the wheels into consideration (a curb-to-curb turning radius).
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Figure 1-4: An extendable driveshaft section, consisting of two axles with three wedge belt wheels (the thin grey discs) and another three axles inside them. The three axles transmit rotation to all the discs, and these axles are able to slide through the single disc shown on the right, effectively changing the driveshaft’s length even as it spins.

The turning radius is affected by several factors, including the maximum steering angle, the wheelbase, and the number of steered axles. The smaller this radius is, the better it is for the vehicle, as it can maneuver within tighter spaces. Note that certain vehicles, like tanks and other tracked vehicles, can turn in place, meaning they have a turning radius of zero.

FWD, RWD, 4×4, 4WD, and AWD

FWD, RWD, 4×4, 4WD, and AWD are abbreviations referring to the arrangement of driven axles in a vehicle. For example, a car with only the front axle driven has FWD, or front-wheel drive, while a car with only the rear axle driven has RWD, or rear-wheel drive.

A 4×4 vehicle is an automobile whose four wheels are all driven. With LEGO 4×4 vehicles, we are dealing with 4WD, or four-wheel drive, where the motor’s power is split equally among all wheels. Real 4×4 vehicles can also have something called AWD, or all-wheel drive, where the power distribution is constantly adjusted to driving conditions by electronic components—something that is extremely difficult to achieve with LEGO pieces.

Note that a third number can be added to the 4×4 description. For example, an SUV or Jeep is 4×4×2, which means four wheels total with four wheels driven and two wheels steered. Such descriptions are particularly important for multi-axle vehicles, such as mobile cranes and armored personnel carriers, which have many axles driven and steered. For instance, many small armored personnel carriers are 6×6×4, which stands for six wheels, all of which are driven and four of which are steered.

steering lock

When we talk about the steering lock in this book, we aren’t referring to a physical lock you put on your steering wheel to prevent theft. The steering lock is the maximum steering angle—that is, the maximum angle to which wheels on a steered axle can be turned. Usually the greater the steering lock, the better, as it allows the vehicle to make tighter turns. However, a very large steering lock can be undesirable because it enables the vehicle’s direction to change very rapidly, making the vehicle less stable and exerting significant stress on parts of the steering system. See Figure 1-5 for a model with a large steering lock.
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Figure 1-5: My reach stacker model had a rear axle (right) with a particularly large steering lock, just like that of a real vehicle. Designed to stack containers in ports’ loading areas, reach stackers need to be able to maneuver in limited space.

ground clearance

Ground clearance, also called ride height or simply clearance, is the distance between the underside of the chassis and a flat, level surface the vehicle is standing on, as shown in Figure 1-6. It determines the height of obstacles the vehicle can drive over without scraping them with the chassis. Ground clearance depends primarily on the suspension system.

High ground clearance allows a vehicle to negotiate bigger obstacles but makes it taller and less stable due to a higher center of gravity. Low ground clearance improves stability but reduces the ability to drive over rough terrain. High ground clearance is therefore typical of off-road vehicles, whereas low ground clearance is common in sports cars because they are designed for flat roads and benefit from good stability, which allows them to make turns at higher speeds.
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Figure 1-6: The green arrow indicates this simple buggy’s ground clearance. Note that the ground clearance is usually measured in the center of the vehicle as seen from front or rear, because this part is most likely to contact obstacles.

suspension travel

Suspension travel is the maximum length of a suspension’s up-and-down movement. Consider a simple suspension system where an axle is connected to the chassis by a vertical shock absorber, as shown in Figure 1-7. In this case, the suspension travel is the difference between the chassis height when the shock absorber is fully compressed and when the shock absorber is unloaded (that is, the vehicle is standing on a level surface and only its weight is acting on the absorber). Usually, suspension travel is expressed in units of length: In Figure 1-7, it appears to be two studs.

Any suspension system has some travel, regardless of whether it uses shock absorbers or it’s sprung or unsprung (see Chapter 17 for details). If the suspension allows the wheels to go up or down relative to the chassis, the maximum range of that up-and-down movement is suspension travel. A large suspension travel is valuable in off-road cars because it enables them to negotiate large obstacles while keeping all the wheels on the ground.

However, large suspension travel comes at a cost. The larger the suspension travel, the farther a wheel can go up or down and the more space is needed to prevent the wheel from hitting the chassis or the body of the car. This is obvious in off-road cars where there is plenty of room between the fender and the wheel. The result is that the whole car is taller, making it less stable.
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Figure 1-7: The suspension travel is the difference in height between a fully compressed (left) and unloaded (right) shock absorber.

camber angle

The camber angle is the angle between the centerline of a wheel and the surface the wheel rolls on. It determines whether the wheel is tilted inward or outward, or not tilted at all (see Figure 1-8). A wheel that’s perfectly vertical has a neutral camber angle. A wheel tilted inward so its top is closer to the center of the vehicle than its bottom has a negative camber angle. A wheel tilted outward so its top is farther from the center of the vehicle than its bottom has a positive camber angle.

A negative camber angle improves car handling by increasing traction when the car is turning. In a turn, the car’s outer wheel bears most of the weight. The tire is slightly deformed by the vehicle’s weight, and a negative camber angle helps to apply load to the tire evenly, increasing the tire’s surface contact with the road. A negative camber angle is most common in cars built for drifting because they need to handle well in the many turns they make.
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Figure 1-8: Assuming the car is on the right side of the wheel, the angles shown are a negative camber angle (left), a neutral camber angle (center), and a positive camber angle (right).

On the other hand, a negative camber angle doesn’t work as well when driving straight because it puts more load on the tire’s inner edge. With a neutral camber angle, the load is applied mostly to the tire’s outer edge. A neutral angle is best while driving in a straight line because it balances the load on the tire evenly.

A positive camber angle is generally avoided because it impairs a vehicle’s handling. Vehicles with Tatra-type suspension are an exception. These have a positive camber angle if there isn’t much weight acting on their suspension (see Chapter 17 for details). With LEGO models, the camber angle usually has little effect because the tires are relatively hard and less prone to deformation than real tires.

caster angle

The caster angle is the angle of a wheel’s pivot in the longitudinal direction (see Figure 1-9). Pivot refers to the line around which the wheel turns when you steer left or right—in other words, the wheel’s steering axis. If the pivot is perfectly vertical, the wheel has a neutral caster angle. If the pivot is inclined so it “precedes” the wheel, the wheel has a positive caster angle. If the pivot is inclined so it “follows” the wheel, the wheel has a negative caster angle.

A car with a positive caster angle has better stability while traveling in a straight line and steers better, but it requires a greater force for steering. Positive caster angles are common in fast sport cars: Stability and steering are crucial, and steering is power assisted. A positive caster angle is also ubiquitous in motorbikes and bicycles because it dramatically improves their stability (see Figure 1-10).
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Figure 1-9: Assuming that the wheel shown is a front wheel of a vehicle moving from right to left, the angles shown are a negative caster angle (left), a neutral caster angle (center), and a positive caster angle (right).
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Figure 1-10: A typical bicycle has a positive caster angle on the front wheel. It’s achieved by inclining the fork away from the vertical position (a red arrow indicates the fork’s angle), and it improves the bicycle’s stability.

A car with a negative caster angle behaves in the opposite way: The amount of force needed to steer is reduced, but the steering is less efficient and the car is more likely to wander off the straight line. Wheels with a negative caster are found mostly in old, obsolete vehicles without power-assisted steering. Most shopping carts come with a steep negative caster on all wheels because it makes changing their direction easier: As you push the cart, the wheels simply trail behind it.

toe angle

A toe angle is the angle between the left and right wheel on the same axle as viewed from above (see Figure 1-11). The wheels can be parallel or facing inward or outward (relative to the front of the car). Toe angle has a different significance for steered and for non-steered axles.

Wheels that are perfectly parallel have a neutral toe angle. Wheels that are facing inward have a toe-in angle. A toe-in angle makes a car more stable when driving in a straight line but less responsive to steering (understeer). For non-steered axles that aren’t driven, a toe-in angle may be desirable because these axles are pushed or pulled by other axles, and backlash in the wheel hubs can make the wheels face outward. The correct amount of toe-in angle neutralizes that effect.

Wheels that face outward have a toe-out angle. It makes a car more responsive to steering (oversteer), but it also makes keeping the car going in a straight line more difficult. For non-steered axles that are driven, toe-out angles may be desirable because both wheels pull or push the rest of the vehicle and backlash in the wheel hubs can make the wheels face inward. The right amount of toe-out angle neutralizes that effect. However, it will only work in a vehicle that has just one driven axle. With multiple driven axles and with AWD vehicles, it’s safest to use a neutral toe angle because no single axle is ever pulling the whole vehicle.

Note that both toe-in and toe-out angles result in heavy tire wear and considerable additional friction, which may slow down the vehicle. Too much of a toe-out angle can also cause a wheel to separate from the axle. For that reason, the vast majority of real cars use a neutral toe angle, and the other alignments are typical for specialized track-going cars. In LEGO models, however, there is more backlash between the wheel and the chassis than in real cars, so toe angle is something to consider.
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Figure 1-11: Assuming the blue axle is the front axle, the angles shown are toe-in (left), neutral toe (center), and toe-out (right).

weight distribution

Weight distribution, and in particular whether a vehicle is front heavy or rear heavy, can greatly affect the performance of a vehicle.

Weight distribution primarily affects traction and thus handling. Imagine a car with two axles: one steered in front and one driven in rear. If this car is front heavy, it will have better steering traction because its front wheels will have more weight on them. If this car is rear heavy, it will have better acceleration because its rear wheels will have better traction with more weight on them.

In four-wheeled vehicles, weight distribution is described as a ratio. For example, a 40:60 weight distribution means that 40 percent of the vehicle’s weight rests on the front axle and 60 percent on the rear one. In off-road cars with 4WD, 50:50 weight distribution is considered ideal, while high-performance race cars with central engines often have more weight in the back.

Weight distribution is also important for tracked vehicles. Since tracks have poor traction on smooth surfaces, weight distribution significantly affects how a tracked vehicle turns and how it climbs obstacles. For example, a front-heavy tracked vehicle won’t be able to turn in place because its center of rotation will be moved forward. But this type of vehicle will be good at climbing up hills because its front end will have better traction.

center of gravity

The center of gravity is the central point of an object’s weight distribution. It can be located in the actual center of the object—in the case of a solid ball, for example—or elsewhere. The location of the center of gravity determines the object’s likelihood of falling over, which is greater for objects with a high center of gravity than for ones with a low center of gravity. In other words, a low center of gravity makes objects more stable.

With LEGO vehicles, the center of gravity is greatly affected by the location of a vehicle’s heaviest components, such as battery boxes, and it should always be as low as possible. This is why, for example, builders of off-road vehicles, which need to be very stable, always try to locate battery boxes low in the chassis.

Now that you have these basics down, let’s start putting them into practice!


2
basic units and pieces

LEGO models and bricks are measured in a fanciful unit called the stud rather than in inches or centimeters. One stud equals the width of the smallest brick, which is 8 mm wide. We’ll even use the stud to measure LEGO pieces that aren’t bricks, like shock absorbers and axles.

When the unit of measurement for a LEGO piece is omitted, you can safely assume that it is the stud—for example, a 1×1 brick, a 2×2 tile, and so on. This is how we’ll refer to pieces in this book.


NOTE You might also see the stud referred to by other names, such as module, dot, or fundamental LEGO unit (FLU). The letter L is used to indicate length in studs. For example, a 6.5L shock absorber is 6.5 studs long.



LEGO builders generally measure the height of their creations, however, in terms of the height of a brick or plate. For example, we say that something is 1 brick tall or 1 plate tall. Note that 1 brick tall is equal to 9.6 mm, just a bit more than 1 stud (see Figure 2-1).
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Figure 2-1: A 1×1 brick is 8 mm wide and 9.6 mm tall.

As illustrated in Figure 2-2, LEGO plates are only one-third as tall as a brick, meaning that three stacked plates are the same height as one brick.
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Figure 2-2: A LEGO brick (left) is the same height as three stacked LEGO plates (right).


NOTE The size of the round peg or stud at the top of a brick is not included in its height because the peg is completely hidden inside the brick on top of it. Instead, we measure the height of a brick only from corner to corner.



the Technic brick

As in the classic LEGO system, the basic building block in the Technic system is the brick: that easy-to-connect piece that we all know and love. But, as shown in Figure 2-3, Technic bricks are a little different. They have hollow studs, which make them harder to separate and better suited for heavy-duty use. Most Technic bricks also have pin holes centered between the studs: A 1×2 brick has one hole, a 1×4 brick has three holes, and so on. The holes in Technic pieces are vital to the LEGO Technic building system, as they allow you to connect pieces with pins or run axles through them.
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Figure 2-3: A regular 1×2 brick (left) has solid studs and sides, while a Technic 1×2 brick (right) has hollow studs and a center hole.

Although the holes in most Technic bricks are centered between the studs, you will find variants of 1×1 and 1×2 Technic bricks that have holes aligned with the studs—for example, see Figure 2-4. When the studs are aligned with the holes, the number of holes and studs is equal. Such an arrangement is useful for compact building with densely packed pins and axles, and these pieces can also be used to align pieces by half of a stud.
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Figure 2-4: Some Technic bricks have holes aligned with the studs.

There are two types of holes in Technic bricks: round pin holes and X-shaped axle holes. Examine the shape of any LEGO axle, and the purpose of these holes should be obvious: Axles inserted in pin holes can rotate, but axles in axle holes cannot (see Figure 2-5). (Note that only 1×2 Technic bricks have an axle hole.)
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Figure 2-5: Pin holes (left) allow axles to rotate, while axle holes (right) keep axles from turning.

pins, for joining and rotating

A pin is a small connector that you insert into pin holes or axle holes to connect two or more adjacent pieces. As shown in Figure 2-6, pins vary in length and shape. Although they are simple, pins are indispensable for holding together Technic constructions. The largest Technic sets can include hundreds of pins. They’re just that important!

Like axles, you can put pins in either pin holes or axle holes. But unlike axles, each pin has a collar that makes it impossible to push it completely through a hole. For example, the most basic pin is 2 studs long, and you can push each of its ends 1 stud deep into a hole but no farther. The long pin, which is 3 studs long, has one end that you can push 1 stud deep and another that you can push 2 studs deep. The collars stay between the pieces you connect this way, and all pin holes are shaped to accommodate the collars (see Figure 2-7).

Many pins come in two variants: without friction (the pin can rotate freely inside a pin hole) and with friction (the pin requires some force to rotate inside a pin hole). Rotating anything inside an axle hole is of course not possible. You can identify the variants easily because those with friction are ridged and come in different colors than those without friction. When in doubt, insert the pin into a pin hole and give it a spin.
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Figure 2-6: The most common Technic pins (from left to right: pin, axle pin, long pin, three-quarter pin, and half pin)
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Figure 2-7: Pin holes (from left to right: empty pin hole, two pin holes with pins inserted from opposite sides, and two pin holes with long pins inserted from opposite sides)

Table 2-1 lists all existing pins and their variations. As the table shows, some pins have only one variant, whereas others have two, which are always differentiated by their color (for example, a regular pin without friction is light grey, and a regular pin with friction is black). Some variants come in more than one color because LEGO changed its color coding at some point (for example, half pins come in light grey and blue, both without friction).

table 2-1: a list of all pins and variations in their most common colors




	pin name

	without friction

	with friction






	half pin
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	three-quarter pin

	[image: image]

	 




	regular pin
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	axle pin
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	long pin
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	long pin with 1L axle
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	long pin with 2L axle
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	pin with pin hole
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	axle pin with pin hole
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	axle pin with pin hole and 2 axles
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	axle pin with axle hole and 3 axles

	 

	[image: image]




	long pin with pin hole
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	half pin with 2L bar
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	pin with towball
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	axle pin with towball
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	long pin with stop bush

	 

	[image: image]






Certain pins have special properties:

half pin Its shorter side connects to studs. It acts like a single round stud (Figure 2-8) with a hole inside that you can insert a bar into (Figure 2-9).

three-quarter pin Its shorter side connects to half-stud-wide beams (Figure 2-10).

half pin with 2L bar The pin and bar are a single piece. The bar is as thick as a regular bar and is 2 studs long (Figure 2-9).

pin with towball and axle pin with towball These pins are commonly used as mounting points for steering links (Figure 2-11).

long pin with stop bush This pin comes in more than a dozen colors, all with friction. It is commonly used in LEGO sets as a push-in/pull-out piece when two modules of a construction need to be connected in a way that can easily be undone (Figure 2-12).
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Figure 2-8: In half pins, tops act like studs and connect to studded pieces.
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Figure 2-9: A LEGO minifigure holds a regular bar (red) and half-pin with 2L bar (light grey) in its hands.
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Figure 2-10: The three-quarter pins make strong connections with half-stud-wide beams because their tops are exactly half a stud long.
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Figure 2-11: Two pins with towballs can be connected with a link if, for example, you need to connect suspension parts that move relative to each
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beams, the studless alternative
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the half stud as the minimum building unit
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tricks with bricks
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