Slingshot diagram

A catapult is a ballistic device used to launch a projectile a great distance without the aid of
gunpowder or other propellants â€” particularly various types of ancient and medieval siege
engines. Most convert tension or torsion energy that was more slowly and manually built up
within the device before release, via springs, bows, twisted rope, elastic, or any of numerous
other materials and mechanisms. The counterweight trebuchet is a type of catapult that uses
gravity. In use since ancient times, the catapult has proven to be one of the most persistently
effective mechanisms in warfare. In modern times the term can apply to devices ranging from a
simple hand-held implement also called a " slingshot " to a mechanism for launching aircraft
from a ship. The earliest catapults date to at least the 4th century BC with the advent of the
mangonel in ancient China , a type of traction trebuchet and catapult. The catapult and
crossbow in Greece are closely intertwined. Primitive catapults were essentially "the product of
relatively straightforward attempts to increase the range and penetrating power of missiles by
strengthening the bow which propelled them". The introduction of crossbows however, can be
dated further back: according to the inventor Hero of Alexandria fl. A third Greek author, Biton
fl. Zopyrus has been plausibly equated with a Pythagorean of that name who seems to have
flourished in the late 5th century BC. The central principle to this theory was that "all parts of a
catapult, including the weight or length of the projectile, were proportional to the size of the
torsion springs". This kind of innovation is indicative of the increasing rate at which geometry
and physics were being assimilated into military enterprises. Many Greek children were
instructed in catapult usage, as evidenced by "a 3rd Century B. The Roman machine known as
an arcuballista was similar to a large crossbow. Ajatshatru is recorded in Jaina texts as having
used catapults in his campaign against the Licchavis. King Uzziah , who reigned in Judah until
BC, is documented as having overseen the construction of machines to "shoot great stones" in
2 Chronicles The first recorded use of mangonels was in ancient China. Castles and fortified
walled cities were common during this period and catapults were used as siege weapons
against them. As well as their use in attempts to breach walls, incendiary missiles , or diseased
carcasses or garbage could be catapulted over the walls. Defensive techniques in the Middle
Ages progressed to a point that rendered catapults largely ineffective. The most widely used
catapults throughout the Middle Ages were as follows: [45]. The last large scale military use of
catapults was during the trench warfare of World War I. During the early stages of the war,
catapults were used to throw hand grenades across no man's land into enemy trenches. They
were eventually replaced by small mortars. In the s the invention of vulcanized rubber allowed
the making of small hand-held catapults, either improvised from Y-shaped sticks or
manufactured for sale; both were popular with children and teenagers. These devices were also
known as slingshots in the USA. Special variants called aircraft catapults are used to launch
planes from land bases and sea carriers when the takeoff runway is too short for a powered
takeoff or simply impractical to extend. Ships also use them to launch torpedoes and deploy
bombs against submarines. The practice has been discontinued due to a fatality at the Water
Park. There had been an injury when the trebuchet was in use on private property. Injury and
death occurred when those two participants failed to land onto the safety net. Early launched
roller coasters used a catapult system powered by a diesel engine or a dropped weight to
acquire their momentum, [51] such as Shuttle Loop installations between The catapult system
for roller coasters has been replaced by flywheels and later linear motors. Pumpkin chunking is
another widely popularized use, in which people compete to see who can launch a pumpkin the
farthest by mechanical means although the world record is held by a pneumatic air cannon. In
January , a homemade catapult was discovered that was used to smuggle cannabis into the
United States from Mexico. The machine was found 20 feet from the border fence with 4. From
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field hockey , each player carries a stick and cannot take part in the game without it.
Traditionally hockey sticks were made of hickory , ash or mulberry wood with the head of the
sticks being hand carved and therefore required skilled craftsmen to produce. Sticks made of
wood continue to be made but the higher grade sticks are now manufactured from composite
materials which were first permitted after These sticks usually contain a combination of
fibreglass , aramid fiber and carbon fibre in varying proportions according to the characteristics
flexibility; stiffness; resistance to impact and abrasion required. After centuries of different
variations of field hockey including a version in England , sometime prior to , in which, because
of the very hilly heathland area in which it was played, a rubber cube and not a ball was used ,
the game became more organised and regularised. By , when an association of clubs was
formed and the game became more standardised, the modern game as we know it began and a
white painted cricket ball had become the standard object to play with. The game had also by
this time divided into various branches which developed as separate sports. Shinty , a game
popular in Scotland, uses both sides of a round stick with a curved end, which is shaped in a
similar way to a walking stick; the Irish game, hurling , uses both sides of a stick which is flat on
both sides and shaped somewhat like bill-hook with an axe-like handle. Bandy also uses both
sides of the stick. It was called "hockey on ice" in the beginning, as it was considered an ice
variety of hockey. The stick in England, possibly because of the close association with it of
cricket players, developed with a stick with just one flat playing side, the left face, below a
round grip areaâ€”with the use of the right-face side, which is rounded, prohibitedâ€”an oddity
that had a profound effect on the later development of the hockey stick and of the game itself.
There have been only three parts of a hockey stick ever named in the rules: the head , the
handle , and the splice. Originally until the handle was the part above the bottom end of the
splice and the head was the part below the bottom end of the splice. Other terms in common
use are "grip", which refers to the part of the stick held, particularly that area held with two
hands when hitting the ball. Most sticks have a round grip which is covered in a non-slip, sweat
absorbent, fabric tape. This flat area above the curve of the head is generally referred to as the
"shaft". The head of the stick is generally thought of as the curved part. The right side is called
the face, the upturn the "toe" and the bend of the head where it joins the shaft the "heel". In
recent times using the edges of the stick as well as the face side to strike at the ball has been
permitted and thus "forehand edge stroke" and "reverse edge stroke" will be found in rule
terminology. Forehand and reverse stroke refers to the taking of these strokes, from the right or
left hand side of the body respectively, as the stick may be used "face up" or "face down" to
make an edge stroke, the two edges of the stick are not separately named but simply referred to
as edges. During the 19th century, field hockey evolved in England. Contance Applebee is
responsible for introducing field hockey to the United States in In , men's field hockey was
introduced into the Olympic Games. Women's field hockey was first recognized in the Olympic
Games in The World Cup is the crowning achievement in international field hockey. The World
Cup is held every four years and 12 men's and 12 women's teams compete for the title of World
Champion. The first major developments to what was later termed the "English style" stick and
the method of play with such sticks occurred in India. The game in its modern form was
apparently brought to India by the British Army, although there does not appear to be any
specific evidence of this. But certainly hockey was played by the British forces in India. The
Indians then produced sticks with a much shorter head length and a tighter heel bend and used
mulberry , which is tougher than ash, but has similar bending characteristics and weight and is
easy to work. This development changed the nature of the game, led to the "Indian dribble" and
to Indian dominance of the game in the first half of the twentieth century. Hitting or pushing the
ball can be done with the stick at any angle between the vertical and horizontal and recent
changes to the rules allow even the edges of the stick to be used to sweep or strike at the ball

on the ground. The multi-layered stick head diagram indicates the changes in head shape and
length that occurred over thirty years or so. The earliest trend was in shortening the stick head.
While that reduced the stopping area of the head it was beneficial because, according to the
rules at the time, only one side of the stick head could be used at that time the ball could not be
played with the edges of the head or handle but with the flat side or face side only. Using
extreme examples is useful as a means of demonstrating effects that occur in less extreme
configurations but are much more difficult to spot and therefore to explain. The first observation
is an easy one top left in the image captioned "Reversed head in variousâ€¦". If the stick head is
rotated onto the reverse lighter colour the toe is not going to disappear into the ground to
enable the reverse side of the stick to be presented to the ballâ€”a vertical adjustment is
necessary. Secondly top right , if the handle of the stick is kept at exactly the same angle and
rotated, a horizontal adjustment is necessary to bring the reversed head to a position where
contact will be made with the ball. The third figure bottom left shows these adjustments having
been made and a change to the angle of the handle because the position of the hand holding
the stick at the top would be about the same as it is when gripping the stick in the forehand
position , but the area of stick head making contact with the ball is very small; so control may
not be adequate. The fourth figure bottom right demonstrates that to get good contact with the
ball on a larger area of the reversed head, it is necessary to move the handle much nearer to the
vertical. This means the player must bring the ball in very close to the feet and come to a more
upright dribbling positionâ€”this in turn impairs the ability to scan the pitch and keep the ball in
peripheral vision at the same timeâ€”a considerable disadvantage when dribbling to evade
opponents. This left side position was compounded in difficulty with a very severe
interpretation of "obstruction", which prohibited shielding of the ball from an opponent. The
game was also, at the time, seen as "right-sided" and positioning the body between the ball and
a close or closing opponent, approaching from the right hand side, was not allowed. Reversed
stick hitting, pushing and flicking would be short range skills and difficult to do accurately, if at
all, especially when moving at speed. Gradually over many years stick heads were made shorter
and the "heel" was made to a tighter bend. This process continued until the "one piece" head
could not be made to a sharper bend without the timber splitting out on the base. As it was,
attempts to have the grain follow entirely the same curve as the bend, as it should for maximum
strength this is why the timber is bent rather than cut to shape were abandoned by some
producers and an upturn to the toe was sometimes achieved by cutting across the wood-grain
at the toe end of the head to achieve the desired shape. Some manufacturers resorted to gluing
a separate piece of wood on top of the toe or glued additional strips of timber to the inner edge
of the handle above the head to get the effect of a tighter heel bend. Some players were cutting
part of the toe off their sticks, to achieve a shorter head, and rounding the end off, although on
the older styles this did nothing to tighten the bend to the heel and often just ruined the stick.
The international players to whom they were handed out tried them and then returned them as
unusable. The difficulty was twofold: 1 The toe was so short that it could not be rotated
completely over the top circumference of the ball and 2 When the stick head was played around
the back of the ball it "ran off", because there was insufficient "run length" to the stick head. If,
for example, a player "propped" the ball while moving in a dribbling crouch putting the stick
head over the front of the ball , drew the ball back towards his feet and then took the stick head
around the back of the ball to bring it forward again, perhaps moving the ball off in another
direction a common movement , the margin for error was so small that the ball could easily slip
off the stick head. The ultra-short stick head was to some extent based on the idea that the new
artificial surfaces would lead to a style of hockey based on stopping the ball with the handle of
the stick near horizontal to the ground and that dribbling to elude opponents would be almost
eliminated with near continuous passing of the ball. In a Dutch inventor, Toon Coolen, patented
a hockey stick with a "hook" head. The hockey stick manufacturers Grays took the design up in
and the first mass-produced hockey sticks, with laminated timber head parts, were
manufactured in Pakistan. This new design was possible because of the development of epoxy
resin glues that did not require perfectly dry timber for bonding and curing to a strength that
could cope with the immense stresses placed on a stick head when a hockey ball is struck with
it. That opened the way for the appearance of more J-shaped stick heads and the gradual
morphing of the "midi" shape with the hook shape. Indian and UK patents had been granted in ,
although the same company had also opposed the UK patent application. Conlon designed and
imported to the UK the first J-head sticks in but, prior to the decision, other distributors and
manufacturers had been very reluctant to order made or produce hook style sticks of any sort,
because of uncertainty about the strength of the patent that "ring-fenced" the hook hockey
stick. The death knell of the ultra short head was sounded in , due to the introduction of the midi
head shape, produced with a laminating process; although of course many players continued to

use "one-piece" short head sticks for many years after that date and many thousands more of
them were manufactured. The reason for the continued use of the one piece was that the midi
length was similar to that of the more popular one piece stick heads that had been around for
the previous ten or so years. Some one piece constructions were still being produced on
presses on which the central boss had not been modified and the heel bend was "slower" than
on that of the production of the more aware manufacturers, but the more "go ahead"
manufacturers were producing a one piece that could compete well with the laminated
midiâ€”at least as far as playing functionality was concerned. The biggest casualty of the midi
was the patented Hook produced by the same company. It had not taken off in the UK culture of
the short-head stick and for a number of years after the midi was introduced the Hook was seen
as something of a novelty, even as an indoor stick or a stick exclusively for goalkeepers. After
the arrival of the laminations, some brands were offering as many as ten different shapes or
styles of stick head on the traditional shaft. The arrival of composites would complicate the
picture further. In the early s there were an astonishing number and variety of hockey sticks on
offer compared with what had been available ten years earlier. By , hockey stick reinforcement
was a big issue and composites had been accepted into an extended FIH experimental trial
period there was a great deal of concern about the power generated by these new
reinforcements and the safety of players. There were also hockey sticks with metal handles and
inserted plywood heads made by the American company Eastons, better known for making
baseball bats , as well as the wide range of one piece head sticks still produced and an
expanding range of laminated midi and laminated shorties. The metal handled sticks were later
banned for "safety reasons", in what was widely regarded as a political move by the FIH. It may
be noted from the diagram above that no matter how "tight" the heel bend, reversing the stick
head over the ball, with a "traditional" style hockey stick head, always requires both a vertical
and horizontal adjustment of the stick head position. This is not anywhere near as difficult as it
was with the very long head stick and this sort of adjustment will be almost sub-conscious in an
experienced player. Note too, that when the shaft is held vertically, the ball is more securely
stopped, when on the ground, to the toe side of the shaft rather than in the middle of the shaft.
Novice players frequently assume that the centre of the ball will align with the centre of the
shaft when stopping the ball in this way and as a result, the ball deflects off to the heel side and
usually into their feet. When the ball in the air, a little off the ground, below knee height for
example, is often easier to catch the ball correctly if the handle is vertical. One of the incidental
effects of the tighter heel bend of the modern stick is an increase in playing reach with the
optimum striking or stopping part of the head of the stick when used in the normal range of
playing angles. Held parallel the distance between the curve of the base of the stick head and
the top of the handle is the same in the two sticks illustrated. The positioning of the ball
mid-face on the stick head of the modern stick, compared with the mid-face position on the
longer stick, also brings the middle of the ball much closer to a line projected through the
centre of the handle and the circumference closer to the back edge of the stick, enabling better
close control of the ball. It will be appreciated after a glance at the illustration of the 'English'
style hockey stick that stopping a ball on the ground with the handle held vertically would not
be easy. If the ball is lined up centrally with the centre of the handle red it would be likely to
deflect off the heel side of the head. Even with the ball positioned central to the head blue
stopping would not have been very secure with an upright handle. For hitting the optimum
positions seems to be where a line projected through the leading edge of the shaft of the handle
passes through the centre of the ball because it is the position closest to the centre line of the
handle where the entire width of the head is behind the ball. Stopping the ball closer to the toe
of the stick is acceptable but not optimal, as adjustment, which takes time, is necessary before
the next intended action. In the modern stick the vertical handle position is still not as secure as
an angled presentation of the handle but the angle now can be considerably less, because of
the tighter heel bend and the stopping and hitting positions of the ball are easier to determine. A
stick with a set-back head and toe-side protrusion, with the handle positioned vertically, covers
substantially more of the ball and can reduce off heel deflection errors in stopping. Using the
set-back head in the more comfortable or natural stopping angle puts a vertical area of shaft
above the ball while at the same time aligning centre ball and a line projected through the centre
of the handle. As the heel bend gets tighter in the s and s the ball is controlled closer to the
centre line of the stick but it is not until the setback stick appears that the centre of the shaft is
aligned or nearly so with the centre of the ball. The ball appears to move back along the length
of the various stick heads as the heads become shorter and the heel tighter, in fact the playing
position of the ball is moved further and further from the feet as playing reach is increased.
There are presently two styles of outfield set-back stick, the degree of setback to the head is a
feature they have in common; they differ in that one has a 'kink' or shaft protrusion on the toe

side above the head of the stick while the other does not. In the goalkeeper versions some also
have the toe of the head cut flat parallel to the handle rather than rounded to allow the user to
present the stick closer to the ground when stopping in a horizontal position on the reverse
side, this is to more easily prevent the ball from going under the handle of the stick. In the mids
the "hook" head style hockey stick was relaunched, this time by the former German U21
International player Thomas Kille. Bright colours, bold graphics and painted heads were
introduced. Manufacturers became much more aware of the look of their products and hockey
sticks sold, particularly to new players, as much on colour and fashion as strength and
usability. A style of stick that almost no-one in Europe wanted to use in , is today used almost
universally; it is difficult now to find a player who is not using a hook style hockey stick and
many of them have never used the "shortie" style at all; just as many of the players of today
have never played hockey on a natural grass pitchâ€”the development of artificial surfaces has
also had a significant effect on the ways in which hockey sticks are used. The original version,
the 'Hook' relied on a patent description that put the inner side edge of the toe parallel or nearly
so to the facing edge of the handle. Early modification Fig. This is a common feature across
hook head designs today, the toe generally varies in height, between the minimum and
maximum height of the ball, when the handle is in a vertical position. Modern versions Fig. The
mids saw the introduction of the more 'open' hooks Fig. New names have been coined to
describe the various hook shapes but there is much confusion and overlapping of names.
Where the toe is shorter the same toe angles are generally referred to as midi. The big headed
'Hook' also suffered for a short time from the appearance at the World Cup of the first sticks
with set-back heads. There was not a significant impact but it and others added to the general
confusion, as apparently 'everyone and his dog' were presenting new ideas in head shape. Even
reinforcement with fiberglass and carbon fibre was not the issue it was later to become. There
was a lot of promotion based on 'rotational balance' and the 'sweet spot' and 'power hitting'.
The 'Hook' certainly felt out of rotational balance, especially to those who had been playing with
short-head sticks that had been made with a very thin toe, so as to concentrate the weight of the
head closer to the shaft. Aligning the centre of the handle with the centre of the horizontal
length of a short-head, rather than with the centre of the ball created some unusual playing
characteristics, for example, the reversed-stick ball position being further from the feet than the
forehand ball position, which is the opposite of what happens with a conventional 'traditional'
handle head configuration. When the centre line of the handle aligns with the centre of the
ballâ€”or very nearly soâ€”there is no or very little difference in ball position in relation to the
stick or the feet of the player between the forehand and reverse playing positions. The lack of
an upturned toe, combined with the unusual reverse ball position, caused some difficulty in
adapting to the stick and when the horizontal head lengths of sticks began to be made longer,
by popular demand. A stick with the handle aligned to the centre of the head length was no
longer practical for playing hockey. Manufacture of it as an outfield stick ceased in the early s,
probably by but similar sticks, by other manufacturers, have appeared for goalkeeper use. The
traditional small arc to the heel edge of the hockey stick had the effect of setting the stick head
back slightly. This aspect of stick design of which the AREC hockey stick was an extreme
example was first explored just prior to the Men's Hockey World Cup of and resulted in the
production of hockey sticks with a stick head considerably more set-back in relation to the
handle. The original design, aligning the centre line of the handle with the centre of the ball, in
the common striking position, featured a counterbalancing "kink" or protrusion to the handle on
the toe edge of the handle, just above the head of the stick. This invention of the kinked-shaft
and set-back head stick led directly to rules governing the amount of bend or "permitted
deviation" to the "edge sides" of the hockey stick handle. Some of these were later termed
"recurve" heads a description given to a later style, produced by an Australian manufacturer,
without the patented kink feature. The early extremes in stick design were in those sticks
intended for use by goalkeepers. The aim was simply to present the maximum stopping area to
the ball. In a plywood cutout of a stick with multiple kinks in the shaft was presented to the FIH
for comment, the intention was to produce it as a goalkeeper's stick. Having limited the toe
upturn only two years previously the FIH saw this as mockery and issued a press release, in
April , proposing a ban on all hockey sticks with "non-straight" handles to take effect after the
Barcelona Olympics of that year. There was protest from those who had been marketing sticks
with set-back heads and or kinked shafts and it was in any case not a sensible proposal
because there is no such thing as a hockey stick with a perfectly straight handle. In a diagram
explaining the permitted deviation was included in the Rules of Hockey. Although permitted
deviation from the straight to the edges of a hockey stick handle were included in the Rules of
Hockey, a diagram of a hockey stick, to illustrate what was permitted was not included until and
then it was a part stick diagram placed horizontally on a page smaller than the A6 page of the

present rulebook. The diagram was very poorly drawn but it was a significant step for the FIH to
include it at all. The diagram remained unchanged until , when the orientation was altered so
that the stick was shown upright and it was also shown full length. The x-axis previously
vertical became the ground plane and the y-axis a vertical line through the centre of the handle.
Further improvements to the diagram particularly the drawing of the representation of the stick
and an illustration of possible curves to the handle were made in and a second diagram,
detailing head configuration, was added. To describe the dimensions of head and handle the
hockey stick is envisaged to be placed with the bottom curve of the stick head on a level
surface, the x-axis, with the stick-handle perpendicular to it the y-axis. The y-axis runs from an
intersection with the x-axis 0 vertically through the midpoint of the top of the handle. This line
C-C also describes the limit on any upturn to the toe of the head. By Rule there is no limit to the
length of the stick head along the x-axis, but practical considerations, as well as technicalities
related to the joining of the head and the Handle on the line C-C , did create limitations with
wooden sticks. The length of the Head or toe along the X- axis has varied enormously,
especially since the Second World War and again after the introduction of the timber lamination
process in the early s. The stick handle may be bent or 'deviated', in a smooth curve only, once
only to either side. That is the handle may have one out-moving curve on the 'heel' side of the
head and one out-moving curve on the toe side. It is therefore possible to have a hockey stick
with a handle deviation to the front or toe side or a handle deviation to the back or 'heel' side or
a stick-handle that is bent once to both the toe and 'heel' sides. The sample diagram on the right
shows three deviating areas a , b , and c. Any of these areas could exist on a stick by itself but,
in this illustration, area a could legally coexist with area b and area c could coexist with area b ;
but areas a and c could not legally coexist on the same stick because they are both on the same
edge and only one protrusion either beyond the line AA or beyond the line A1A1â€”or bothâ€”is
permitted on the handle. The maximum permitted 'deviation' is shown by the lines B-B and
B1-B1 respectively. There is no limit to the length of a protrusion along the y-axis specified, so
the deviation curve or curves may be of any length along the length of the stick-handle. Some
goalkeeping sticks have an outward curve on the toe side within the line B-B that extends for
almost half the total length of the stick. The sample illustrated does not reach the line A1A1 on
the 'heel edge' and the Y axis is not central to the shaft, which raises the question "How is the
stick positioned for measurement of permitted deviation. To October no official measuring
method or device for measuring 'permitted deviation' has been approved by the FIH. Increasing
the degree of bow to the face side flat side makes it easier to get high speeds from the drag-flick
a "sling-shot" style stroke started from behind the body of the flicker and allows easier
execution of the stroke. Since this article was first written in , there have been attempts to get
around the rule by the production of a stick which 'in a natural resting position' has a face side
that is not parallel to the flat surface measured from but rests with the face at a sharp angle.
This flouts the intention of the rule, so it is possible that there may be a move to a measuring
cylinder, under and across, the entire face of the stick. There was a development in design
called the 'low bow'. This placed the maximum bow of the stick much closer to the head than
was previously the case, when it was positioned more centrally on the length of the stick. The
effect of placing the maximum bow lower down the handle was to increase the angle at which
the stick head was presented to the ball. Extreme bow has an effect on the ease with which
stick-work and hitting of the ball so that it stays on the ground may be carried out. The
increased use of the scoop when the lifted hit in the outfield was banned led to an increase in
bow depth and many players also found that a moderate bow aided stick-work as well. The
maximum depth of this bow was generally at around the mid-length of the stick. The 'low bow'
has been popularized by the development of the drag-flick, particularly as a first shot on goal at
a penalty corner. The Pakistan International player Sohail Abbas, who holds the record for the
number of goals scored at international level, mostly scored with the set piece drag-flick, had
such a stick made especially to his own requirements and many have copied his designâ€”and
tried to improve on it. Although there can be no doubt that the 'slingshot' effect of a bowed
stick, when the ball is 'dragged' from the rear of the feet and released after powerful body and
arm rotation to the front of the feet, has dramatically increased the velocity at which the ball
may be propelled by this flicking method, there may be considerable difficulty in hitting the ball
along the ground with a very bowed stick. This may be of advantage when shooting at the goal
with a lifted hit from within the 'circle' which is legal but a disadvantage when hitting the ball
outside of the scoring 'circles', because it is illegal to intentionally lift the ball with a hit except
when within the scoring 'circles' i. The upright forehand hitting stroke, which is commonly used
when the ball is close to the feet, will seldom be made with the handle in the same plane as the
ball, unless the ball is to the immediate right of the player i. Stick shown on far right of
illustration â€”which is generally the case when the ball is being hit directly to the front or from

left to rightâ€”with a bowed stick even this vertical handle position will present an angled head
to the ball. The further away to the front of the player the ball is the greater will be the head
angle presented to the ball. The detail illustration shows that when the handle is angled away
from the ball both the position of contact with the ball on the ball and the part of the face of the
stick making contact will be altered. The greater the bow the greater the degree of adjustment
the player must make to his swing and to the hitting position of the ball to achieve a hit flat
along the ground. The development of the modern hockey stick has not taken place in one
continuous flow with each development following on from a previous one. Many things changed
in the same time frame but at different speeds, especially some of the later developments. There
have been more changes in stick design in the last twenty-five years than there were in the
previous one hundred and twenty-five and the pace of change has been an ever increasing one.
There will no doubt be further development, probably in materials, possibly because of changes
to the rules. In roughly chronological order this is what has happened so far. Ball size does play
a significant part in stickwork and ball control as does the weight and hardness of the ball but
an investigation of these is outside the scope of this article. The position of the ball when it is
played, particularly hit with the stick head, does, however have a bearing on stick head design.
An examination on the position of wear on the base of stick heads that have been used over a
period on an abrasive playing surface lead to the conclusion that the ball is positioned close to
the center of the head length of the modern stick. This is also the more usual position for
receiving or stopping the ball in play while in the 'dribbling crouch'. Obviously when the handle
is vertical or horizontal there is considerable variation but in most common hitting and dribbling
positions the line of the uppermost edge of the handle projects close to the centre of the ball.
One of the problems with a striking head that is significantly narrower than the diameter of the
ball is that the ball is easily lifted unintentionally if struck with the face of the stick head inclined
backward, 'open', rather than vertical or nearly so. Striking the ball with a 'closed' face is not
always a solution, because it is then possible to 'squeeze' or 'clip' it, again causing the ball to
rise, possibly even more steeply than with the so-called 'undercut' hit. Another difficulty is
striking the ball accurately at the point on the stick head that is intended the usual range of
error can be seen, in the diagram, in the difference of the lengths of the red lines that run from
the centre of the two differently positioned stick heads. It is also necessary to avoid
unintentionally turning the handle during a hit at the ball so that the ball is "sliced" to the right
or hooked to the left , this is achieved by gripping the stick firmly, generally with one hand
locked against the other at the top of the handle, at the moment of impact with the ball.
Ensuring vertical and flat perpendicular to intended direction of ball travel contact with the ball
is in the hands of the player and the coach, but achieving a correct contact position between the
stick head and the ball can be helped by the design of the stick. An increase in the height of the
toe over the ball is very noticeable and is most pronounced in the more 'open' shape. The
modern hook does not suffer from the effects of a rotational imbalance in the head as much as
the original did because stick heads are now generally tapered towards the toe, rather than of
uniform thickness so toe height is not, from a weight and rotational balance point of view, as
much of an issue as it once might have been. The stick head is also generally tapered from the
midpoint of the striking area towards the bottom curve, so when the stick is in the reversed
position the maximum thickness of the head is not at the highest point. This gives a more
balanced rotation of the weight of the stick head over the ball. Some of the early hooks were
actually thinner in the centre and became thicker in the toe; it is likely that this was done to
facilitate more powerful reversed-stick hitting of the ball but it gave the stick unusual handling
characteristics when turning it over the ball and back in "stickwork": an "overturning" or
"throw" of the stick head had to be taken into account. The composite stick is generally lighter
than the previous wood versions and it is unusual these days to find a young player using the
25â€”26 oz sticks that were quite commonly used on grass in the s, especially by those likely to
be regularly taking hits at a stationary ball. The majority of modern hockey sticks are
manufactured in Asia Pakistan, India, and China predominantly. Manufacturers will often
produce sticks for a number of different brands. Y1 Hockey are considered to be leaders in stick
innovation, quality and community building. From Wikipedia, the free encyclopedia. This article
has multiple issues. Please help improve it or discuss these issues on the talk page. Learn how
and when to remove these template messages. This article needs additional citations for
verification. Please help improve this article by adding citations to reliable sources. Unsourced
material may be challenged and removed. This article possibly contains original research.
Please improve it by verifying the claims made and adding inline citations. Statements
consisting only of original research should be removed. September Learn how and when to
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Level up with the all new lineup and experience the instant, indescribable, and magnetic effect
that only comes behind the wheel of a Slingshot. Available with AutoDrive or Manual
Transmission. From the minute you lay eyes on it, to the second you step into the cockpit, you
make the decision to stand out. Get ready for double takes as you show up in style. Upgrade
your Slingshot with the accessories to match your ride with your style, boost your performance,
and gear up for your next adventure. Impossible to ignore, Slingshot owners are a proud group.
Connect with other passionate riders and share your adventure. Skip to content Skip to
navigation Skip to footer. Introducing the Slingshot. Build Yours Explore Lineup. Now Available
- Lineup. It All Starts Here. Level Up Your Ride. Unmatched Style. The Ultimate Upgrade.
Impossible To Ignore. Slingshot Effect. Experience Your Environment. Try Slingshot. Endless
Customization. Explore Accessories. Follow Us: polarisslingshot or PolarisSlingshot. Go ahead,
design yours to look this good. Tap the link in our bio to personalize your one-of-a-kind
Slingshot. Venture outside the limits of ordinary. Be a Rockstar wherever you roll. Tap the link
in our bio to personalize your Slingshot. McKinley James Jr. McKinley oversees the Polaris
team that builds Slingshot, ensuring excellence throughout every stage of production. We are
so proud of our Slingshot product line and work diligently to ensure that we create an amazing
customer experience through our unique and exciting vehicle. Schedule a Test Drive Lineup.
Build Yours Customize. Get Internet Price Get Price. So why not build your own? Here, we will
walk through how to create your own custom pinball game powered by an Arduino. The game
has lights, sounds, features real pinball parts, including bumpers, drop targets, and slingshots,
and even has a ramp. This project requires a very large amount and variety of material, so
consult each subsequent section for the new materials needed to complete each step. As a
start, it is very helpful if you have access to a laser cutter or CNC router as well as basic
electronic and hardware toolkits. Author's note: This instructable was very recently published
and not all of the design and software files have been completely organized. If planning to use
our files, please leave a comment so that we can make sure everything is in its most up-to-date
state. Pictured above is a Solidworks design of the playfield and supporting assembly. The
playfield is purely custom, but the shot lines such as the curve of the back looping shot were
designed based on real pinball machines to ensure smooth play. One difficulty here is that, due
to their complexity, the actual pinball parts e. Secondly, this design allows for slightly raised
shooter line pictured above which allows the ball to drop slightly into the playfield, but not fall
back in. The ramp is designed with clear acrylic and 3d-printed supports. It crosses the playfield
so that it gives the player the opportunity to hit the ramp multiple times in a row from the left
flipper. Finally, the playfield is supported by short walls at the four corners, which keep the
playfield at the standard 6. This results in a game with a full-size playfield, but is much more
compact than a typical game and can be carried by hand by one person. Since the playfield is a
standard size, however, these supports can be removed if you want to place the playfield into a
standard pinball cabinet. To do so, you may want to consider adding a ball return assembly,
which is not included in this design. To cut the layers of the playfield, we used a laser cutter.
Typical playfields are cut using a CNC router - while some of the corners might not be as crisp,
you should still achieve decent results. For simplicity, the steps below will assume you have
access to the same laser cutter we did. There are some people who have had decent results
using only a drill and jigsaw, but you must be very careful and very patient if you go this route.
The first step in creating the playfield is converting the design into. DXF files that can be fed
into a laser cutter. For example, the playfield. DXF file is pictured below. The files used in this
project are included in our repository. One final note: these screws can go almost anywhere, as
this layer will be mostly invisible to the player once the playfield is assembled. We initially made
this mistake. Next, attach the side walls, and use the longest wood screws to drill into them
from the top of the board, again such that the screw heads are flush with the top. Finally, attach
the shooter block pictured above, with shooter by screwing in from the bottom side using 2
screws so the block cannot easily twist. The shooter block has a "U"-shaped slot that fits the
shooter, which can be installed by tightening the nut on the other side. You may also have to

use lubricant to reduce the friction between the shooting rod and the ball. The design may need
some adjustments at this point. For example, in our design, the cut for the drop targets was too
narrow and had to be expanded using a dremel. If using our files as more than a reference, do
try to contact the authors who might be able to provide updated files. It is also a good idea to
sand down any rough areas, particurarily where two wood pieces meet. By this point in the
design stage, you should have a general idea of the orientation required to make sure all the
components actually fit underneath the playfield. If using our design, reference the picture of
the underside of our table above. Second, install the flipper assemblies. Make sure that they
rotate in the correct direction. The solenoid, when fired, will pill the pin into the coil, and this
should rotate the shaft such that the flipper rotates up towards the playfield. Once the flipper
assemblies are installed, attach the flipper bats in from the other side. Use a wrench on the lock
nut in the assembly to tighten them into place, then use the spring that should come with the
assembly to make sure the flippers are bulled back down when not being fired. Using the bolts,
also attach the gate switch at the top-left of our design. This gate switch also serves as a
one-way opening, which allows shots from the right side and from the shooter to fall into the
bumpers. This is a design aspect that results in shots entering the right ramp and right loop
going to different places and adds more variety to the play. To install the lights, first place the
plastic inserts into their holes. In our design, since the laser cutter cannot cut partial layers, we
3D-printed brackets that support the inserts. Use epoxy to hold the inserts into place roughen
the edges first and the sandpaper to make sure the inserts are level with the playfield. Next,
insert the LEDS into their brackets by inserting and twisting them into place. Then, screw the
brackets into place such that these LEDs sit directly below each insert. Use a couple of washers
so that this doesn't happen. The playfield posts are installed using the bolts. Once installed,
wrap rubbers from the rubber kit around them to make passive bumpers. Using the same bolts,
attach the lane guides just above the flippers. Also glue the end-of-game switch into place. Note
that most games have a dedicated ball return assembly like the one here. This was not included
in this design, however, primarily due to cost. The trade-off, of course, is that the player is now
responsible for placing the ball back into the shooter lane once it drains. We do have a shooter,
though, which is attached to the shooter block as pictured earlier. The flipper buttons and start
button are installed by placing them into the holes and locking into place with palnuts. The
flipper button leaf switches are bolted inside the buttons using bolts and will close a switch
circuit when the buttons are pressed. At this point, your playfield will from above resemble a
nearly-complete pinball table! All that is missing is the ramp. Feel free to gloat among your
friends about how awesome it looks while privately being frightened about how much wiring
and soldering there is to do. Materials needed the majority were purchased from PinballLife. The
clear acrylic will give a nice, clean appearance while not blocking the view of the playfield for
the player. Using colored acrylic might also be a nice-looking option, but it is not recommended
to use a completely opaque material like wood. The supports for the ramps are 3D printed using
a makerbot and bolted to the playfield and the plastic using the same bolts. The acrylic pieces
here are glued together using acrylic cement, which is a solvent that essentially melts and
welds the plastic together. Make sure to use a small amount, and it will make a very strong bond
that is almost invisible. At the entrance of the ramp, we have included a ramp flap like the one in
the picture above. You can buy one of these cheaply from a pinball specialty store or Ebay we
did , or just make one of your own out of sheet metal. In commercial games, these are riveted so
that the bolts do not stick up and get in the way of the ball. Since we did not have the proper
equipment to do that, we made sure to use flat-head screws and properly chamfer out a hole in
the plastic and in the metal to achieve the same effect. There is a narrow gate switch attached to
the 3D supports on the front-right corner of the ramp, where it turns to go across the playfield.
This switch is what records when a successful ramp shot has been hit. Author's update: With
extended use, 48V can blow some of the transistors in this configuration. This machine has 3
voltage levels: 48V for the solenoid power, 6. To provide these voltage levels, we used a CNC
power supply for the 48V, and off-the-shelf DC adapters to provide the 6. It could be possible to
just use the 6. Use a 5-A slow-blow fuse on both the input and the output of the main 48V power
supply to avoid starting a fire if any of the transistors short. In our design, we had the following
pin assignments. This, of course, is quite flexible. Pin 0 was left open. Instructables does not let
us do numberes lists starting with 0. Although not implemented in our design, the SCL and SDA
pins can be used for a display and the remaining pins can be used for additional control, such
as adding features a ball return or more lighting combinations. The driver board is responsible
for turning the inputs from the Arduino, the flipper buttons, and the slingshot switches into
firing the coils. Each has slightly different requirements, but in all of them, when the transistor
is given a 5V signal, a current path opens for the solenoid and amps are pushed through the
coil to give a powerful kick. This is a lot of current! In fact, this much current will burn out the

components if the transistor is kept on for more than a very brief pulse. Make sure, in testing
this circuit using software or other methods, to never fully power a solenoid for more than
about a second. The main source of problems in the above circuitry is inductive kick. The
solenoids are powerful inductors, and as you may know, the current in inductors cannot change
instantaneously. As such, when the transistor is turned-off, there is still a brief moment where
amps is flowing through the solenoid, and all that current needs somewhere to go. If not given a
path to ground, this current will drive the voltage at the transistor drain up to hundreds of volts
and destroy the transistor. We destroyed 8 transistors in our discovery and attempts to deal
with this problem, but fortunately no solenoids since we were always quick to manually
disconnect the power. There are two methods to prevent inductive kick: first, each pinball
assembly should come with a diode that points from the transistor drain back up to the supply.
This, in theory, should prevent the transistor drain from ever exceeding the supply voltage, as
once that happens the diode will turn on and drain all the remaining energy from the inductor.
Unfortunately, in reality these diodes alone do not turn on fast enough to suppress the
inductive kick enough by themselves. This circuit features a capacitor in series with a resistor.
The capacitor absorbs enough current from the inductor such that the diode has time to turn on
and perform its function. For more info on RC snubber circuits, check here. In this board and
subsequent boards, make sure to wire the solenoid such that the diode which is not shown in
the schematic points towards the high voltage side. The flipper driver circuit is a bit more
complicated for three reasons. First, in order to have a fast reaction between the button press
and the flipper action, it is recommended to create that response directly in the circuitry rather
than as separate inputs and outputs handled by the Arduino. The delay caused by the Arduino
is small, but an experienced player will be able to tell immediately and will be frustrated by the
lack of control. Secondly, the flippers feature two different coils a low-power and a high-power
coil an end-of-stroke switch which triggers when the flipper is high. In the picture below, the
EOS switch is normally closed, but our assembly had a normally-open switch and necessitated
another transistor to convert that into a normally-closed signal. This results in the use of the
third transistor in the circuit. Similarly, the slingshot board has its own complications. While it
uses just one transistor, it, like the flippers, should be controlled directly by the input switches
which we wired in series for a fast response as well as to not require additional output pins on
the Arduino. Unfortunately, if the gate of the transistor is connected to the switch directly, the
response is far too fast to have more than a barely-noticeable kick since the switch does not
stay closed for very long. In order to have a more powerful kick i. Another complication is
sending this input to the Arduino, as the input board as we will see later requires low inputs,
and the slingshot operates when an input is pushed high. To solve this problem, we included a
third transistor that closes whenever either input goes high, and thus can be treated like any
other input switch on the playfield. The driver board actually two boards consists of two flipper
drivers, two slingshot drivers, and four single-switch drivers for the remaining solenoids.
Rather than soldering directly, we used 0. We used solderable breadboards for our designs, but
designing actual PCBs with these functions would have a much cleaner result and help mitigate
the mess of wires that these machines inevitably have. Since we are using just an Arduino, we
are limited to 20 digital pins. The pinball machine, however, has a few dozen unique switch
inputs, not to mention outputs needed for lights, sound, and driving solenoids. To alleviate this
problem, we made the assumption that no two inputs would be triggered at once thereby
limiting us to only using 1 ball. To accomplish this, we used a cascade of 8-to-3 encoders to
make a to-5 encoder using this encoder in the layout shown in the pictures above. This was one
of the most important developments of the project, as it allowed us to greatly increase the
complexity of our machine from our initial plan of just having flippers, bumpers, and one or two
targets. A second prototype board was used to place each of the 24 male Molex connectors;
each switch on the playfield would have a female connector at the end of a long wire that plugs
into this board. The drop targets are a unique case that can be handled in several ways. What
we did was wire each drop target switch in series, so that the input is closed when they are all
down and allows the Arduino to send a signal to the solenoid to fire the drop targets back up.
To save pins in a similar manner to the encoder, we used a 3-to-8 decoder to control our lights.
This provided us with the limitation that we could not light more than one light at any one time,
but that was an acceptable tradeoff to free up the pins for other elements. This, for example,
could allow us to flash all the lights several times when the game is first turned on giving a
strong indication that something is actually happening to the player when he or she presses the
start button, which is otherwise difficult without a ball trough or colorful display. The above
schematic features a transistor circuit similar to the drivers, but much simpler as the lower
voltages in play 6. We used a diode OR gate for the transistors to isolate the master switch
signal and the individual light signal. While we used low-current LEDs for each of the playfield

lights the ones underneath inserts , the start button and the 3 pop bumpers each came with
incandescent bulbs that draw about mA each. The transistors are rated for mA of continuous
current, so to not exceed this, we made sure that only two incandescent ever went through a
single transistor. We also attached a passive 5V piezo buzzer that allows us to play rudimentary
sounds to this board. There are two options for defining the rules of the pinball game. You can
interact with the game using a customizable pinball document, or hard code game rules. We will
start with the interface for the configurable game, and then detail some of the hard-coded game
rules so that you can choose which configuration you want for your own pinball game. See the
github repository here for the files referenced in this project. This is provided in the default
starter code. Now you have two options - either to write your own code for the machine, or use
the specified formatting for the pinball game. Here, you can define the specific actions for each
component. For example, if every time a bumper is hit, the player should score more points,
light up a ramp light, and score points, then the state diagram would look like Figure 1 with the
corresponding code. Our particular machine provides the structures, as in Figure 3, for which
you can define rules. Figure 4 connects these names to playfield components. We suggest
reserving state 0 and action 0 for components which do not have effects on scoring, such as
the start button and game switch. Our code looks as pictured in Figure 5. Specific lights can be
lit by writing the pins corresponding to the binary encoded version of the part code high. A
table again has been provided for your programming convenience. As for Sound, we used the
Arduino tone library to program short sound sequences for various game events. These sounds
correspond to a long, cheerful sequence, short cheerful sequence, short sad sequence, and
long sad sequence. If you wish to program your own sounds, you can look here for how to do
so pitch. All files can be found on the github repository. This could be because the
customizable game had a lot of general-purpose functions which required conditional
statements. This slowed down the read speed of the loop, which caused us to miss several
interrupts and affected the overall operating speed of the game. To solve this problem, we
reduced some of the customizability of the config file game in order to achieve acceptable
response times in the circuit. We originally had concerns about the RAM capacity of the
Arduino and how much of the game rules it could store, but this turned out to be less of a
problem than originally expected and it was the speed of the loop that was the bigger limiting
factor. Debouncing interrupts - because of the quick actions of the pinball game, we had several
cases during which the interrupt pin was receiving several interrupts for the pinball hitting only
one game component. Additionally, because these interrupts were received before the encoder
had time to correctly read all inputs, the interrupts would be linked to incorrect components. To
solve this problem, we used an external debouncing library which responds 1ms after the first
interrupt is received, giving time for the encoder pins to reach high before the game reads the
input code. In the future we hope to implement a digital display that can display the score and
other game information in a display that the user can see easily, such as an LED matrix or a
7-segment display. You should initialize these data structures to your game rules within the
Arduino IDE before loading into the Arduino code. The following data structures are provided:.
Within the main loop, check each cycle to see if an interrupt has been fired for each game
component. Define each game component within a switch statement. Helper function
executeState updates the current state of the part, and performs actions based on the in-coded
information. To interface the Arduino with our driver boards, we used a protoshield to more
easily access the pins on the other boards. There are a lot of wires, so be careful! Follow the
layout given in Electronic Pins and Layout to connect your Arduino outlets to their
corresponding pins. Molex connectors should help a lot in figuring out which connectors
connect with which. The nature of the input encoder is that there are 6 input pins into the
Arduino: 5 which together show which input is triggered, and a 6th pin that goes high if any
single input is triggered. The code written only detects when this sixth pin changes from low to
high. So if the Arduino is not receiving any inputs, and you are sure that all or at least most of
the switches work, check to see if any switches are stuck closed. For example, if all the drop
targets are down and haven't been fired back up, that is a closed switch and prevents the
Arduino from receiving any other inputs. Check to sure that the nut that holds the shooter in
place is tightened fully, or that the shooter block isn't loose. Alternatively, oil the shooter rod.
Otherwise, it can be the result of too long of a delay somewhere in the code. If, for example, you
are busy playing a tone using the tone library and a delay statement, the Arduino will not be
able to pick up inputs during that time. One workaround we used was to only play sounds for
the ramp shot, standup target, start button, and end-of-game switch, as we knew about how
much time we would have after these shots before a new input was likely to be triggered.
Admittedly, we did not assign specific headers for specific lights or specific solenoids, meaning
that the first time you plug everything in or subsequent times if you don't label them somehow ,

the output pins or output light encoding are connected in arbitrary order. Use trial-and-error to
resolve which pins correspond to which output and adjust the code accordingly. For the lights
and bumpers, this isn't so bad -- but definitely label all the inputs and write down which is
which, as that process can have up to 24 values and will take a bit longer to calibrate. The
encoder has the unfortunate property of sometimes pulsing the indicator pin high before the 5
encoder pins have fully resolved their values. For us, we knew this had occurred when the
number of the switch being pressed was off-by-one, but it may show up differently for you. We
solved this problem by using a debouncing library to create a tiny bit of delay between when we
notice that a switched has changed and when we record which switch it was. Careful, though,
as too much of a delay more than mS can cause you to miss inputs entirely. HI holmanbj! This
is great project. There is no schematic of the whole circuit Arduino. Can you Email me? Reply 3
years ago. Currently working on replacing the hand-soldered boards with a PCB and finding a
better way to manage all the wiring. Reply 1 year ago. Thanks for sharing the project. I started a
PC pinball a few years ago and used CAT5 cables for the inputs, and daisychain the ground to
one of them. This helped my cable management a lot. Hey, I am wondering if you wouldn't mind
sharing the PCB files you created. I am a high school teacher and we are making a pinball as a
year long class project and I am feeling crunched for time and a PCB would really help things
out. Or, could you point me in the direction of some easy to use software for making the files.
Reply 2 years ago. Sorry for the late response to this, but in general I'd use this guide as more
of an example of what a project like this looks like than a direct reference for parts and files. I
did all the electronics mostly for my own learning and they don't have the same reliability
designed by professionals. I've been planning a custom pinball for a few years now. The donor
is collecting dust in the corner of my shed but a lot of how-to's have been solved in my head
already. Hope to start soon. I'll keep following you. Cool project! Real good info, you improved
my pin project a lot! Add them to the repo! Great write-up, thanks for sharing. Do you have any
of the STL files available for your printed parts please? Tip 2 years ago. I don't know if you're
still working on the project, but I think you can simplify a lot of things in the electronics
department. I just finished my second conversion of an EM pinball machine to an Arduino based
system and since you already have the board with all the components the process should be
pretty similar. The Arduino can handle everything except the coils directly, so you only need a
driver board for your solenoids. The one I used works pretty well and I needed about an hour to
solder everything together. You only need one pin and can control nearly as many LEDs as you
like, this includes color changing. If you want sound, use an Arduino UNO with an mp3 shield
and control it from the main Arduino, costs about 10 bucks AliExpress and you have no
problems with sounds playing and delays in the main routine. Great Post! I also got my
slingshots turned off but still energized : I will install one snubber RC and see how it goes! Hey
man, nice project you got there. I am trying to make one by myself, and therefore I got a
question. The files are included in the repository, so feel free to adjust the design to suit your
fancy. For the most part, this concludes the woodworking, and we can move to putting in
components. To solve this problem, we included a third transistor that closes whenever either
input goes high, and thus can be treated like any other input switch on the playfield The driver
board actually two boards consists of two flipper drivers, two slingshot drivers, and four
single-switch drivers for the remaining solenoids. Materials: 12 V-rated power transistors uF
capacitors nonpolar if possible , 5k, and k, and 3M resistors 1 smaller transistor for slingshot
switch Several 1N diodes Prototype solderable breadboards or, even better, design your own
PCBs. Materials: 4 3-state-output priority 8-to-3 encoders. Part 1. Design your game rules The
default state machine for a pinball game is provided in the picture. Unzip the arduino-serial zip
file. Navigate to the arduino-serial file, and save your game config file here. Open Arduino.
Upload the pinball game sketch. Open terminal, and type the following commands: make. If
there are any malformed lines, the Arduino will print an error message and you can choose to
re-send the file. Here is a short trouble
lincoln electric mig welders
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shooting FAQ in case you run into any of the common problems we did: None of the inputs are
being recorded by the Arduino! The shooter is really weak! The wrong bumper fires when the
ball is switched! OR The wrong lights go on! The inputs are fine when I press them, but
sometimes are wrong during play? There are so so many wires and I can't keep them all
organized please help Sorry, but we haven't really figured out a good solution for this one yet.
Did you make this project? Share it with us! I Made It! Reply Upvote. MasterMek 3 years ago.
Tonember holmanbj Reply 1 year ago. AramA6 holmanbj Reply 3 years ago. I've heard people

have had good results with the P-ROC. MasterMek holmanbj Reply 3 years ago. Tinkot 1 year
ago. MeetYourMaker 1 year ago. AlexanderH 2 years ago. MichaelW Tip 2 years ago. MrRorro 2
years ago. Really great project! I know because I am building also a pinball machine by myself
:D Great Post! SneakyZippy 3 years ago. NYCitySlicker 4 years ago. Swansong 4 years ago.

