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One of the inventions presented at the Franklin Institute's Leonardo da Vinci exhibit was the self-propelled cart. This invention was interesting to me because of the intricacy of the way all of the parts interacted with each other and the inherent simplicity of these individual parts. The cart is an important milestone in the world of engineering, as it is widely purported to be the first robot. The self-propelled cart has the unique property of moving in a specific direction without the application of outside force. Everything that the cart needs to move – a motor, gears, wheels, etc. – can be found on the cart itself. A passenger has the ability to steer it with a steering rod. The cart even had a rudimentary programming aspect; the direction it would travel could be predetermined based on the setup of the gears. This ability is what set it apart from the other previously designed carts of the day. While other inventors had come up with human-powered carts, Da Vinci's was the only one with a way to plan an automated path, even if it could only turn right [image: image2.png]


(Fuller).


The basic idea of the cart is a box with lots of parts inside it which somehow drive the wheels; without the help of any outside forces. Some sketches include a steering rod, but it is evident that this was a point of contention for Leonardo (Montreal Museum of Fine Arts). Among the various parts contained in the box, the most notable are the giant coiled springs in the cylindrical drums, the toothed gears on which the petals can be mounted, and a remote hand brake. The coiled springs provide all of the driving force for the cart; they are wound up beforehand by the driver, then after one is expended, the driver has a chance to rewind it while the other one is expended. This is how Leonardo provided for constant motion. The toothed gears are spun by the coiled springs. The mounted petals interact with another gear which turns the wheels. This is how the petals determine the rate of turning. The remote hand brake is just a wedge connected to a rope which can be pulled and forced between the toothed gears, stopping the turning of the wheels. The wedge can then be pulled by the same rope to get the cart moving again (Leonardo3).


Although the petals are the most innovative aspect of the self-propelled cart, the coiled springs, like the motor of a car, are arguably the most important. Without the springs, the cart would obviously not move; and without the particular type of spring used, it would have been much harder to rewind, and nearly impossible to provide force for as long as they did. In particular, this is a watch spring; a watch spring looks like a coiled snake, hence the term coiled spring, and its two ends are in the middle of the coil and on the outside (How Springs Is Made). The watch spring naturally resists motion which forces it into a tighter spiral; therefore, when a watch spring is forced into a tighter spiral and released, it exerts force in a circular motion. This provided Leonardo with a simple motor which requires no conversion from lateral to circular motion. Watch springs are also known for their endurance; they can hold a lot of force and release it relatively slowly. These aspects made it perfect for the self-propelled cart; it needed circular motion over an extended period of time.


In addition, the use of the spring was innovative. No one had used springs for anything like a motor before. The most common use of the spring at the time was for locks, saws and watches (How Springs Is Made). Locks have used springs since about 200 B.C., when Philo of Byzantium designed a padlock which used a spring. Around 1250, Villard de Honnecourt designed a saw which used the power of flowing water combined with the oscillating motion of a spring to power the back and forth motion needed for the saw. Finally, in the 15th century, people started using springs to make accurate watches which could keep time for long enough that they were effective on the high seas (How Springs Is Made).


Like most of Leonardo da Vinci's inventions, he did not build the self-propelled cart; he only designed it. However, people now who are using his notes to build these inventions are finding that his designs actually work. This is incredible, especially considering all of the small parts that would have had to have been quantified on nothing but paper and Da Vinci's mind. One of these parts, as I have said, is the spring. Other parts and their respective interactions provide for the steady distribution of that energy so that the cart moves with a constant speed. Again, while one of the springs is releasing, Cooper describes in The Inventions of Leonardo Da Vinci, the driver has the opportunity to rewind the other one. This provides for a way to keep going on the cart just by winding springs (Cooper, 138).


The Montreal Museum of Fine Arts provides a detailed description of the workings and history of the self-propelled cart. First of all, Da Vinci wasn't the first one with the idea for a self-propelled cart. Francesco di Giorgi Martini designed a few methods of transportation without using animals before Leonardo, and even includes some references to ideas developed before his time (Museum of Fine Arts). This just goes to show that Leonardo was not completely self-inspired; there are plenty of manuscripts detailing a machine which consists of something like a box with mechanisms inside which are used to power wheels on the ground. What sets apart Leonardo's car apart is the specific mechanisms used in his cart. Specifically, Leonardo used springs as his preferred method of energy storage (Museum of Fine Arts).


Da Vinci's drawing of the cart is not exactly perfect; lots of lines faded with time and only sections of it still remain. What we can still see has been interpreted and built by individuals and organizations like the Franklin Institute for various reasons. It is clear that Da Vinci was uncertain as to whether he wanted a steering mechanism on the cart (Museum of Fine Arts). Besides this, Da Vinci made constant modifications to the cart between codices to all kinds of parts on the cart, such as the addition of a counter-spring to each suspension spring and even the structure of the frame (Museum of Fine Arts). However, some drawings are clear enough to tell that Leonardo did come up with a primitive idea for a differential, based on the positions of some gears. Some say that this was his method of path deviation; that is, he used the differential to turn.


The inherent obscurity of the codex pages are revealed when two different teams build the cart, such as in one of the episodes of a show called “Doing Da Vinci,” in which the contestants are split into two teams and each team builds one of Da Vinci's inventions. In one part of a certain episode, which is viewable at www.youtube.com/watch?v=yPPssOpNe_4, the two teams compare the self-propelled carts that they built. The two carts look completely different considering that they were both built from the same plans. This emphasizes the ambiguity and vagueness present in Da Vinci's plans.


The self-propelled cart had a few profound impacts on the world of engineering. First of all, Da Vinci was ahead of his time by using springs as a method of energy storage. Before this, man-powered devices needed constant input for any output. Another novelty was the ability to essentially program the path. This feature is what really set it apart. No other machine at that time could do anything like that. According to "Leonardo Da Vinci's Self-Propelled Cart Invention," this made it not only an extremely innovative and novel concept, but also technically the first recorded robot. While other designs of carts may have been self-propelling, none of them included a mechanical computer.


Despite this incredible innovation and ideas that were way ahead of his time, Leonardo's self-propelled cart's main purpose was a theatrical one (Universal Leonardo). People would just be amazed at how it turned and moved all by itself. It seems like an invention so radical and ingenious would have a nobler intent than moving for the sake of moving. However, this does illustrate another important point; although Leonardo didn't build the cart, he expected that it would have this dazzling effect. From this we can infer that the people of the time had no access to and had never seen anything like the cart.


This idea is reinforced by the levels of technology readily available at the time the cart was designed, around 1480. Some of the more recent developments of the time included the printing press in 1455, muzzle-loaded rifles in 1475, and, by Da Vinci himself, the first parachute in 1485. This just puts in perspective what people were used to seeing as the technological advances. How much more impressive a robot would have been had it been built at that time (Bellis).


A close relation to Leonardo's cart was built by a Frenchman in 1769. It was a steam powered tricycle which successfully traveled at about two miles per hour for about twenty minutes carrying four passengers. The main similarity between this and Leonardo's cart is that both have an internal power source; that is, neither rely on any outside forces for locomotion (Cooper, 139). This is in contrast with the Dutch wind machine, which is incredibly efficient, but is useless without wind power (Cooper, 139). Most primitive mechanical carts use outside forces like the Dutch design. As you can see, in this way, Leonardo's cart was ahead of its time; it contained a way to keep itself going within itself. The closest that any widely used inventions had come to this were machines which used outside forces like wind.


In conclusion, you can see that although Leonardo never built his self-propelled cart, we can tell many things about it by looking back at his designs. First of all, it would have worked, which is amazing in and of itself. His use of springs was a revolutionary method of energy storage and his programmable direction was way ahead of its time. It was originally intended to be used as a theatrical attraction, which goes to show the paradigm of the people at the time; they had never seen anything which was not alive, yet could be told what to do. This is what made the self-propelled cart so novel. It was clearly ahead of the curve as far as the level of engineering at the time was concerned as demonstrated by the clearly inferior chronologically proximal inventions by inventors of the time.
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