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NOTE 
In the spring of 19�8 a pamphlet telling of an 

exhibit of working mechanical models to be seen 
in Xew York in the Boys' Department of a 
department store, came to Mr. Dana's atten
tion. The maker of the exhibition. �Ir. W. M. 
Clark, was interviewed and asked to lend the 
exhibit to the )Iuseum, hut it was found it would 
cost several hundred dollars for transportation 
and installation, and the exhibit was given up. 

l\lore than a �·ear later l\Ir. Louis Bamberger 
talked with )Ir. Dana about this same exhibit 
of )lechanical :\Iodels and l\lr. Dana told Mr. 
Bamberger of his desire to show this exhibit in 
th<' )luseum. )Ir. Bamberger then decided to 
present these models, appropriatel�· mounted 
and lahel<.·d. to the l\luseum. 

The exhibit consists of ten sections. each meas
uring ;; feet 6 inches hy 5 feet 8 inches, and 
W<'ighing from 47;> to ;'>;'>0 pounds apiece. In 
<·aeh seetion are sixteen small panels 15¼ inches 
square, each eontaining om· or more movements. 
The sections are mounted on legs rn inches high 
and are prm·ided with covers both back and 
front so arranged that they can be handled ex
act l�· like a piano. The exhibit can he set up or 
takt•n down in a few hours. .Each individual 
panel is conneeted electrically so that the visitor 
ma�· set things in motion by pressing a button. 
The )luseum plans to lend the exhihit under 
eertain conditions, to museums and other insti
tutions which are equipped to set it up with the 
eare required and to transport it. 

::\fr. \V. )I. Clark of South Orange is tht• in
,·cntor and maker of the )h•chanical Exhihit. 



}'rom his early )'outh :\Ir. Clark has bet•n iu
terested in machines and has ahrn�·s had a grt•at 
desire to visualize the scienee of mechanics. 
His work of twenty years 01· mme in perfeeting 
the exhibit was inspired b�· a wish to giYe to 
inventors and to all who deal in machine tech
nique a short cut to their nuious ends. The 
first exhibit made b�· :\Ir. Clark is now in the 
Museum of the Peaceful Arts in Xew York Cit�·. 
The second set is a gift to the Xewark )luseum 
hy :\Ir. Louis Bamberger. 

)liss Yirginia Downward. Head of the Seience 
Department, aided by )Ir. Clark, wrott' the 
labels which present the st(w�· of each move
ment to the visitor. 

This exhibit will be of trenu.·rnlous interest not 
onh· to a citv like Xewark with its numv inclus-
tri;s, but to 'the State as well. 

In connection with this exhibition the Puhlie 
Lihrar�· has an alcon• of hooks, pamphlt>ts and 
pniodicals devokd to the suhjeet. 

)h:.\TJW'I-: \\'1:-::sF.R. 
,June !J, 19!J0. 
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SECTION I Nos. 1-16 
l<'our principles of mechanics. Belt, chain, rope, foot treadle and 

miscellaneous drives. 



MECHANICAL MODELS 

A Description of l\Iore Than 
One Hundred and Sixty :Movements 

Presented in 10 Sections of 16 Panels Each 
Section I 

1. Inclined Plane. The inclined plane is one of 
the basic principles of modern machinery. Its 
chief purpose is to enable a small force to over
come a large force. The act of rolling a barrel 
up a plank into a wagon is a simple example of 
the use of the inclined plane. l\Iodifications of 
this principle are the wedge and screw. 

2. Lever. The lever is another basic principle 
of mechanics. It consists of a rigid bar resting 
upon a point called the fulcrum. The points are 
arranged in model 1 as in pliers and shears, model 
2 as in a shovel, model 3 as in the wheelbarrow. 
The wheel and axle, and pulle_y are modifications 
of a lever. 

3. Wedge. The wedge is one of  the oldest 
mechanisms and comes under the heading of the 
inclined plane. Some examples of wedges are the 
ax, chisel, nails, pins, carpenter's plane and cut
ting tools of nearly all kinds. 

4. Screw. From the point of view of the me
chanic, the screw is simply an inclined plane 
wrapped around a cylinder. The vise and let
ter-press are examples of the screw whose pur
pose is to obtain increased pressure. Another 
example, the jackscrew, is used by builders to 
lift heavy objects with the least effort. The 
propellers of boats and airplanes are further 
examples. 
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5. Belt Drives. Machines are of two kinds
the driving and the driven. Some driving ma
chines are steam and oil engines, electric motors, 
and water wheels. Examples of driven machines 
are lathes, drills, planes, and saws. Some con
necting link or means of transmission between 
the two is necessary. A common method is to 
use belts, chains or cogwheels. By twisting a 
flat belt half way the shafts may be driven at 
right angles if the belt rotates as indicated in 
this specific arrangement. In order to make belt 
track, center of upper pulley must be in li.ne 
with right edge of lower pulley. In model 2 
reversed motion is obtained by giving the round 
belt a half turn; and model 3 shows belt in 
straight line drive ·with pulleys rotating in same 
direction. 

6. Belt Drives. Left hand model shows me
thod of keeping loose belt taut at all times. 
Other model shows method of transmitting 
power by round belt in different planes pro
ducing the same rotation on the two lower ver
tical pulleys as indicated by arrows. 

7. Chain drives.' This panel shows early and 
modern forms of chain drive, the later type on 
the right being the universally used chain. It is 
called the silent chain and has small rollers at 
the contact points, making an almost frictionless 
performance. The speed of the sprocket wheels 
is inversely proportional to the number of teeth. 
Therefore model 1 shows a speed ratio of I to l 
and model 2 a ratio of 2 to 1. 

8. Rope drive. Form of pulley used for trans
mitting power by rope drive, having grooves to 
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prevent slipping and to make it a positive drive. 
The two smaller pulleys below are guide pulleys. 
Such a drive is used for long distance trans
mission-example: obtaining power in various 
sections of an oil field. 

9. Pulley types. Pulleys are of two kinds, fixed 
and movable. Both are combined for practical 
work. These are all fixed pulleys which consist of 
a wheel with grooved rim, called a sheave, free 
to rotate on an axle which is supported in a 
fixed block. A flexible rope or cable passes over 
the wheels and these types show variations in 
rim to keep the belt from slipping off. The 
fourth pulley from the left is essentially for a 
round belt or rope, and because pulley 5 kinks 
the rope or belt, it is possible to get the greatest 
pulling power without slipping. 

10. Treadle drive. Treadle drive derived its 
name from the foot method of obtaining power. 
The force applied to the treadle is transmitted 
by the pitman or connecting rod into rotary 
motion by crank or disk. 

Bell crank drive. This device makes use of 
an elbow shaped lever. It is a convenience for 
transmitting power in different planes as de
sired. 

11. Slotted connecting rod. Rotating disk 
gives motion to rod with pause at both ends of 
stroke. This is used on brick making machin
ery. The pause allows mold to be loaded and 
unloaded at each end of stroke. 

Treadle drive. This treadle drive dispenses 
with wrist pin used in No. 10 and uses a belt 
and eccentric or off center pulley. 
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12. Straight line drive. The straight line mo
tion of A is converted into rotary motion by 
action of crank B working in an S shaped slot. 
This device does away with oscillating motion of 
rod as in No. 11  (upper). 

13. Slotted bell crank drive. Circular· inotion 
of pin in disk, which works inside of the straight, 
slotted yoke, produces an irregular, vertical 
motion of rod. Downward motion of rod is 
slow but has a quick return. Examination of 
action of rotating pin in yoke explains this. 

14. Slotted yoke drive. This is an example of 
rotary motion being converted into straight line 
motion. So it is opposite to that of No. 12. 

15. Off-center-stop drive. This treadle mo
tion has a spring attachment for bringing the 
crank A, when action ceases, back to a position 
off center where it will always start when pres
sure is applied to the foot lever. 

16. Multiple travel movements. Multiple 
travel movements are very useful. The upper 
model has a mechanical advantage of 2 to I and 
the lower model of 8 to I. The latter is that 
commonly used in expanding gates, doors, etc. 
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t'niver,al joint,, out of line drives, eccentrics, rope and pulley liCts, 
types of elutdws. 
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Section II 

17. Universal joints. A joint is a connecting 
link between two shafts which are out of line or 
change position. Its purpose is to transmit 
power, one end being the driver, the other end 
being driven, between two shafts which are at 
any desired angle. A good example of its use 
is in the automobile where the driven shaft is 
out of line with the engine or driving power. 

18 and 19. · Out. of line drives. The power in 
these two out of line drives is transmitted by 
joints. No. 18 is a universal joint but of un
usual construction, not as practical as those in 
No. 17. The joint in No. 19 will only operate 
when the shafts are placed at the same angle as 
the angles in the floating tube A, operating be
tween the two driving arms. The placing of 
the shafts and construction of the tube require 
great precision. 

20. · Out of line drive. The advantage of this 
drive is to give a variable speed to the driven 
shaft to which a rod or other mechanism may 
be attached. The red slotted arm is the driver 
and the green crank is driven. 

21. Scotch yoke. The green disk carries the 
driving pin to which is attached a guide, the red 
block. This guide, working inside of a rec
tangular yoke, gives a varying speed to the 
sliding rod, which is slower at the ends than at 
the center of stroke. 

22. Eccentric drive. An eccentric is a revolv
ing disk having the point, on which it revolves, 

• 
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off the center of the disk. The eccentric is the. 
driving force and works in an elongated yoke. 
This does away with the oscillating motion 
caused by disks which work in circular guides as 
in No. 23. 

23. Eccentric drive. This type of eccentric is 
the most commonly used. Application of it can 
be found in No. 155. 

24. Eccentric drive. Attached to the revolv
ing disk in this drive is a· triangular cam, which 
is a projection on a rotating wheel for giving or 
receiving motion against its edge. In this case, 
the disk and cam give the motion. The rod is 
at rest at the completion of each stroke. This 
form of eccentric is used on a steam-engine in 
the Paris Mint. 

25. Pulley lifts. Pulleys were described in 
No. 9. The model on the left is a simple fixed . 
pulley. for lifting weights. In this, the power 
must be equal to the weight to obtain a balance 
so a one pound pull is needed to lift a weight of 
one pound. 

The second model has two pulleys, the upper 
fixed, the lower movable. Since there are two 
ropes, each exerting an upward pull equal to 
half the weight, the lifting power is doubled. 
Therefore a one pound pull will lift a two pound 
weight. 

26. Pulley lifts. In this arrangement of pul
leys, the mechanical advantage is very high. 
Note that each cord is attached at one end to a 
fixed point and to the center of the movable 
pulley on the other end. The lifting power in • 
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the six pulley model (5 movable, 1 fixed) is 26 
to 1, and in the four pulley model (8 movable, 
1 fixed) it is 8 to I. 

27. Pulley lifts. The first model on this panel 
combines two movable and one fixed pulley. 
It has a lifting power of 4 to 1 and is generally 
known as a Spanish barton. 

The second arrangement has two fixed and 
one movable pulley. Its lifting power is 8 to I. 

28. Pulley lifts. Two types of "block and 
tackle." The first has a lower pulley block with 
three grooved wheels or sheaves and the upper 
pulley block has four sheaves. Its lifting ratio 
is 7 to 1, therefore it will lift seven pounds when 
one pound pull is exerted on hand rope. Used 
most generally in construction work. 

The second contrivance is known as White's 
pulleys, and has a ratio of 6 to I. 

29. Right-angle drive. Between the two re
volving drive shafts placed at right angles to one 
another, are five metal bars bent at right angles. 
The ends of each are placed in holes in the re
volving shafts and are free to be drawn in and 
out as the shafts rotate. The center is station
ary and acts as a guide because it is centered in 
each shaft. The vertical shaft is the driver in 
this model. Such a mechanism was used before 
miter gears were invented. 

30. Parallel shaft drive. This model repre
sents method of driving parallel shafts 1 and 2, 
without gears and in the same direction. The 
front and back cranks or arms connected to 
shafts 1 and !l are pinned together at a fixed • 
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angle. This device has no dead center because 
while connecting rod A is in line with shafts I 
and 2 ( or on dead center) B is in driving posi
tion ( or off center). 

· 31. Centrifugal clutch. The shaft carrying 
the red arms is the driver. When driver is at 
rest, arms are held back by the springs. When 
shaft is rotating, the weighted arms expand by 
centrifugal (from the center outward) force over
coming the pull of springs and engaging the 
drum so that it is made to move. 

32. Toothed clutch. A clutch is a mechanical 
device used t() connect a driving and a driven 
member on the same axis. It is operated by the 
lever and is designed so that the two members 
may be engaged or disengaged at will. This 
type is positive and is used where it is not ob
jectionable to start the driven member sud
denly, such as in mowing machines. Automo
biles employ the other type called the friction 
clutch. 
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('ounll'r,hafts, strai!(ht line motions. variable spC'ed deviet's, c-am and 
n,i,<·ellaneou, 1notions. 
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Section III 
33. Cone pulleys. Step type. The top pulley 
is the driver. The rate. of speed depends upon 
the diameter of the pulleys. The lower shaft re
volves the slower because the belt is on the small 
pulley of driver and large pulley of the lower or 
driven shaft. The speed is reversed when belt 
is on large pulley at top and small pulley below. 

Variable speed type. The upper cone pulley 
is the driver and has a constant speed. The 
position of the belt regulates the speed of the 
lower cone, making it variable. When the belt 
is on the left, the speed is minimum and, as it 
travels along the cone to the right, it increases 
proportionally as the diameter of the lower cone. 

34. Two speed counter shaft. This model is 
so constructed that two speeds may be trans
mitted by means of belts, the speed being di
rectly proportional to the diameter of the driving 
pulley. The upper shaft, with a constant speed, 
is the driver and has two tight pulleys of vary
ing diameters, A being twice that of B. On the 
lower or countershaft are four pulleys, the two 
outer ones are loose and the two inner ones are 
fixed to the shaft. When the belt on the left is 
on the loose pulley and is idle, the one on the 
right is in driving position; therefore a slow 
motion is transmitted to the lower shaft because 
the speed obtained is that of the smaller driving 
pulley above. By shifting the belts, the speed 
is doubled, because it takes that of the larger 
driving pulley. 

35. Two speed countershaft. No. 35 achieves 
the same result as No. 34 though the construe-
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tion is different. The upper shaft is again the 
driver with a constant speed. On the counter
shaft are three pulleys, A, B, and C. A and C 
are fixed, B is loose. Pulley A is connected 
with the small gear on the left and pulley C 
with the large gear on the right. When the belt 
is on pulley B, there is no motion transmitted 
because the pulley is loose from shaft. When 
on C, the large gear rotates and the smaller one 
below meshes with it. Since the small gear has 
only one fourth as many grooves as the larger, 
it must go four times as fast to make a complete 
revolution with the larger gear. Therefore the 
speed transmitted to the bottom shaft is maxi
mum. When the belt is on pulley A, the small 
gear on left rotates, �ausing the large gear below 
to mesh with it. Now the speed is reversed be
cause of the relation of these two gears. Gears 
used are the spur type with grooves parallel to 
shaft. The use for this arrangement is the same 
as that in No. 34 where power is transmitted by 
belts and change in speed is needed. 

36. Reversing motion. Pulleys A, B and C 
are arranged like those in No. 35, center loose, 
and two others fixed. Belt is driven by upper 
shaft and when it drives pulley A, the vertical 
shaft travels clockwise. Watch meshing of 
gears. When belt is on pulley B, there is no 
transmitted motion, and action of belt on pul
ley C produces a counter clockwise rotation of 
the vertical shaft. Left hand gear is connected 
with pulley C, and right hand gear with pulley 
A. All three gears are miter gears, having 
grooves at a 45° angle to the shaft. 

37. Straight line drive. Large fly wheel is on 
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driving shaft, small gear at its center meshes 
with large gear above which in turn meshes with 
another gear of equal size. The motion of the 
two connecting rods attached to these by means 
of crank arms, brings about a straight line drive 
on the piston rod. This motion is very power
ful, due to the transformation of high speed to 
low speed. This mechanism is used where great 
pressure is needed and in high power pumps. 
It was patented by Dr. Cartwright in 1787 and 
was used mostly on steam engine piston rods. 

38. Multiple straight line drive. This straight 
line drive is not as forceful as that of No. 37. 
The small gear driven by crank pin in red disk, 
meshes with the large internal gear, thus increas
ing the speed. An added advantage of this 
motion is the great multiplication of the distance 
traveled by piston rod. 

39. Reversing motion. By the use of a toothed 
clutch, motion is reversed as in No. 36. The 
lower shaft is driving, and as the clutch member 
guided by the red arm engages with gear A, the 
vertical shaft goes clockwise. As gear B is en
gaged, the motion of vertical shaft is reversed. 

40. Variable speed device. This device is used 
extensively in variable speed machines where 
change of speed is desired by simply adjusting 
red wheel by hand. This turns the right and 
left hand screw, which adjusts the distance be
tween the upper set of conical flanges. The 
leather belt is faced with wooden strips, having 
edges cut to fit the angle of the conical flanges. 
The upper shaft is the driver and when the 
flanges riding on this are close together, the belt 
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is forced to a larger diameter on the upper set, 
but to a correspondingly smaller diameter on 
the lower set. This transmits a higher speed to 
the lower shaft. To slacken speed, it is only 
necessary to turn hand wheel and change posi
tion of upper flanges. 

41. Straight line motions. With slight varia
tion in construction, two oscillating horizontal 
arms, if pinned in a straight line with the vertical 
rod, produce a straight line motion of this rod. 
This linkage maintains straight line movement 
where desired. 

42. Rotary into rectilinear motion. In both 
these models, a rotary motion is transmitted 
into a rectilinear motion. In the upper model, 
the two studs on the rotating disk strike the 
elbow shaped arm or bell crank (See No. 10) in 
rotation and it in turn works between the two 
studs on the horizontal bar, pushing it back and 
forth across a field. 

The rectilinear motion of the lower model is 
caused by the three projections revolving inside 
of the horizontal shaft. The motion in both 
also alternates back and forth. 

43. Irregular cam motion. The definition of 
a cam is given on page 67. The shape of the 
cam on this revolving disk determines the mo
tion of the rod on bar. Various shapes may be 
used, depending upon the special motion re
quired. 

The cam in the lower model simply suggests 
another motion. 

44. Variable speed and reverse drive. The 
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revolving disk is the driver, transmitting power 
to shaft carrying vertical wheel. This form of 
drive does two things-it varies the speed an<J 
reverses the motion of the driven shaft. The 
vertical wheel increases in speed as it is moved 
away from the center and reverses as it crosses 
center of driving disk. Such a device has been 
used on automobiles and does away with shift
ing gears, but it has not been found practical 
because of the high friction. 

45. Ratchet lift. As the red lever oscillates, it 
operates two hooked pawls on the ratchet bar A 
and lifts the bar. The slot serves as a guide. 
Used in various ways where it is desirable to 
hold work at different levels of operation and in 
fixed position ·because ratchet only operates in 
one direction. 

46. Reciprocating rectilinear motion. This 
combination gives a slow advance and quick re
turn motion to reciprocating bar A. The pin 
in revolving disk as it changes position working 
inside the slotted arm causes this reciprocating 
motion. 

47. Heavy duty friction drives. These drives 
have a large friction area so that a good grip is 
made between the two members. These types 
are used wherever friction drives are necessary. 

48. Multiple gear drive. This model• illus
trates a method for reducing speed and obtain
ing an out of line or off center drive. The shaft 
carrying the three red arms revolves twice for 
one revolution of the green slotted disk. 
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Section IV 

49. Ratchets, pawls and stops. Ratchet mech
anisms occur in ·a great variety of forms. A 
ratchet consists of a wheel with teeth called the 
ratchet wheel which receives periodic or inter
mittent motion from a swinging member called 
a ratch or pawl. Another pawl prevents back
ward motion, this is called a stop pawl. 

Model 1 shows three kinds of stop pawls, 
each form being necessary to perform its func
tion under different conditions of space in mech
anisms to which they are attached. A is the 
hook type and prevents backward motion by 
engaging with teeth. B is the straight type and 
acts as a barrier. Both of these have spring 
tensions to keep them in place. C is the gravity 
type, which is held in place by its weight below 
center. 

In Model 2, motion is transmitted to the 
ratchet wheel by the revolving pawl drive. 
The stop pawl is of the straight type. 

SO. Pawl drives and stops. The top model has 
an almost continuous motion. Watch action of 
stop pawl. The driver, having both pawls at
tached to it, acts as both stop and driver alter
nately. 

In the bottom model, the stop and driving 
pawls are independent. This is used in many 
ways, particularly in connection with counting 
devices on automatic machines. 

51. Pawl drives and stops. These two types 
of ratchet movements are used where slow rota
tions are necessary, such as on feeding mechan
isms in textile machinery. 
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52. Geneva movement. Geneva movement is 
so called because of its use in Geneva watches as 
a stop wind. The projection on the driving 
disk acts as the pawl drive, and the concave pro
jections on the lower disc act as stop pawls. 
This is used at the present time in motion pic
ture machines for inoving the film in front of 
the lens and is known as the intermittent move
ment. If applied as a stop wind, one of the 
concave projections must be shaped convex, and 
the rotation is stopped. 

53. Continuous rotary into intermittent mo
tion. Attached to a revolving disk by means 
of the green arm, is an elbow shaped lever or 
bell crank (See No. 10). The pawl, attached to 
this, drives the notched wheel. The desired 
direction is attained by placing part marked 
Reverse on right or left of center. 

54. Intermittent from continuous rotary mo
tion. The green wheel on horizontal shaft is 
driving the vertical shaft at right angles through 
the medium of the toothed drum. The motion 
of the driver is continuous but that of the drum 
is intermittent because 'there is a slight pause 
between the time a projection on the driver 
leaves one groove on the drum and enters the 
next. 

55. Cam wheel for intermittent motion. The 
cam as previously explained is a projection on a 
rotating wheel for giving or receiving motion 
against its edge (See No. 24). The shape and 
size of this edge determines the resultant motion 
of the follower, which is the rod working through 
guides. This model is so constructed that the 
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constant rotary motion of the cam wheel is con
verted into intermittent vertical motion. 

56. Wave wheel for oscillating motion. There 
is great similarity between this model and No. 
55. No. 56 shows three types of motion; con
tinuous rotary as in the wave wheel, oscillating 
or swinging as in the lever, and intermittent as 
in the rod. 

57. Jump motion device. The main parts of 
this .device are the worm wheel (above) and 
worm gear (below). The motion of the worm 
wheel is continuous because it is on the driving 
shaft. The teeth on the vertical worm gear 
mesh with the horizontal worm wheel. When 
the gear has revolved sufficiently to escape con
tact on the worm wheel, the red weight (by 
gravity) advances the gear very quickly to meet 
the worm and repeat the process. In one cycle, 
the motion is controlled to be slow when mesh
ing with gear, and very fast when jumping. 

58. Ratchet and pawl movement. This is a 
step ratchet for heavy duty and is very com
monly used for pipe cutting dies, ratchet 
wrenches, etc. 

59. Ball bearings. Roller bearings. Bearings 
are the supports for rotating members or shafts 
and the term as generally applied includes the 
whole support. The friction caused by the mov
ing body in the bearing has always been a great 
problem, until the introduction of ball and roller 
bearings which are called anti-friction bearings. 

The two models on the left employ balls and 
those on the right use rollers. In all cases, the 
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outer shell rotating on the axle carries the load 
and the axle is represented by the red center. 

The upper left model rotates in a fixed posi
tion or in one plane only. 

The lower is "self-aligning" being designed so 
that if the shaft is brought slightly out of line, 
the bearing will accommodate the misalignment 
by swiveling in its container. 

The upper right bearing is of the roller type. 
These rollers revolve around the axle and are 
held in place by retaining rings. 

The lower right bearing is of the same type. 
The cut-out holes in the wheel show the radial 
grooves cut in the faces of the rollers to provide 
oil distribution. 

60. Oscillating into intermittent circular mo
tion. The kind of motion and its direction in 
this model are dependent upon the position of 
the two green arms, A and B. The rotation of 
the crank arm which is attached to the driving 
shaft gives an oscillating motion to the connect
ing rod, at the other end of which is another 
crank arm pinned to the center of the rotating 
disk. If A engages the drum, the resulting mo
tion is intermittent and clockwise; if B engages 
the drum, the direction is reversed; and if both 
A and B touch the drum it oscillates in one 
position. 

61. Band saw. The constant rotary motion 
of the driving pulley (lower) produces a con
tinuous straight line motion of the straight parts 
of the saw. The upper pulley is a guide. This 
type is used at high speed for cutting wood or 
other substances. When run at low speed with 
high-tempered steel it is used on metals. 
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62. Jig saw. The vertical saw is drawn down 
by crank pin, cutting material and is then drawn 
back by tension of spring above. This type is 
used for sawing irregular shapes in wood and 
later the band saw was developed from it. It 
is possible to saw inside of a form by placing the 
saw blade through a hole in the work before fas
tening to spring. When job is complete, saw is 
loosened and work slipped off. 

63. Gang saws, vertical and circular types. 
The word gang is used when more than one saw 
is combined to operate at the same time. In the 
vertical type the power is supplied by a pin on 
the rotating red disk. A connecting rod is used 
to transmit the power. This type is used to cut 
on down stroke only. 

The driving · shaft runs through the circular 
saw so the power is directly applied. This type 
was developed after the vertical and produces 
a continuous cutting motion. It is the most 
used now and will saw a log with one cutting. 
depending on number of saws used .. 

64. Drum cam. This shows another way in 
which a cam may be used. The intermittent 
motion given to the traveling arm depends on 
the angle or shape of groove in drum. This 
motion can be worked into many combinations 
and is used in numberless ways, particularly on 
automatic screw-cutting machines. 



�ECTIOX Y Kos. 05-80 

Gearing group, all t�·pes of gearing used in machine construction, gear 
combinations. 
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Section V 

65. Spur gears. Gears are used to transmit 
power from one shaft to another and are now 
used in practically every complicated machine. 
There are a variety of types. 

This model shows ordinary spur gears, having 
grooves parallel to the shaft. When the large 
gear is the driver the small one is driven at a 
greater speed having eighteen teeth to the thirty 
of the driving gear. When the small gear is the 
driver, the large one revolves at a correspond-
ingly slower speed. 

66. Square gears. This type of gearing trans
mits a variable speed. The top gear is the 
driver and has a constant speed. The lower 
gear runs slow when the corners. are up in posi
tion and faster when driver engages the flat 
sides. This type is not commonly used. 

67. Elliptic gears. These are the most com
mon of the non-circular gears. Left gear run
ning constant, drives right gear at a variable 
speed depending upon the shape of the ellipse. 
Used in certain types of printing presses. 

68. Scroll gears. This type of gearing pro
duces a gradual increasing and decreasing speed 
during one revolution. The speed of driven 
gear is slowest when its longest point from center 
is engaged with driver. There are a v�riety of 
scroll gears to suit the condition of motion re
quired. 

69. Internal and spur gears. This shows two 
types of gears, internal and external spur gears 
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in combination. Note that the large internal 
gear is driving a small spur gear and both are 
turning in the same direction. Referring to No. 
65, you will see that spur gears in combination 
turn in opposite directions. Application of this 
combination may be found in No. 38. 

70. Reverse from rotary motion. There are 
three gears in combination in this model-in
ternal, spur, and mutilated gear in center. The 
large or internal gear and mutilated gear are 
both drivers. When the teeth. on the internal 
gear mesh with the teeth on the small spur gear 
the motion is in one direction. When teeth in 
the mutilated gear mesh with spur gear the 
action is reversed. The red target disk indi
cates this. Motion is transmitted to the target 
disk by a chain drive (See No. 7.) This move
ment is usable in any type of machine where 
advance is slow and return fast or vice versa. 

71. Crown wheei and pinion. The cogwheel 
or pinion rotating on the horizontal shaft is 
driving the large crown wheel. The pinion runs 
at constant speed because it is on the driving 
shaft but that of the crown wheel varies at every 
point from slower to faster movement be.cause 
it rotates on a point off-center. 

72. Worm and gear. The worm or continuous 
screw on the horizontal shaft is the driver. This 
combination reduces the speed of the driven 
member and also multiplies its power. The 
power increases proportionally as the speed de
creases. The speed ratio of shafts depends upon 
the relation of number of threads on the worm 
(single or multiple) to the number of teeth in 
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the worm wheel or gear. This type of speed 
reducer is used between shafts at right angles 
to each other. 

73. Miter and bevel gears. The miter gears 
are the two models on the right. Miter gears 
are used to transmit motion between two shafts 
placed at right angles to each other. Since the 
gears are of equal diameter, they both revolve 
at the same speed. The angle of the grooves to 

45 ° the shaft is in all miter gears. Helical 
miters are so cut that they are noiseless. There
fore they are used for high speed transmission. 

The lower model on the left shows the action 
of bevel gears. Bevel gears also run at right 
angles to each other but the two gears in com
bination are of different sizes. Since the speed 
transmitted is different these gears are used 
when a differential speed is desired. The angle 
of the teeth depends on the diameter on the two 
gears. 

The spiral gears are developed primarily for 
automobile drives but are applicable to any 
high speed machinery where quiet running is 
desired. 

74. Worms and gears. This combination 
shows the method of changing rotation of driven 
gear. Note the right and left hand angle of the 
threads in the continuous screw or worm. Teeth 
in lower gears have corresponding left and right 
angles. The threads of these worms are of the 
multiple type and have five leads while that in 
No. 72 is a single thread, having only one lead. 

75. Variable speed gears. In this combination 
of gears there are two speeds and a stop move-
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ment due to the relation of the diameters of the 
parts that mesh. When the teeth of equal 
diameters are meshed, as on black sectors, both 
gears turn at the same speed. But when red 
sectors are in mesh the speed of the lower gear 
is doubled because it has a diameter of four 
inches while that of the upper projection is eight 
inches. When no gears mesh, there is a stop 
in the rotation of the lower gear. 

76. Multiple speed drive. When more than 
two gears are in nlesh such a combination is a 
train of mechanisms and is called a gear train 
or a train of gears. This train of gears is of a 
special type called epicyclic, because the one on 
the left is fixed and the horizontal gear is carried 
on a shaft which rotates about the axis of the 
fixed gear. The gear on the right is attached 
to the driven shaft and is made to .rotate at 
double speed, being the sum of two movements 
of the horizontal gear, its rotation on its own 
axis and its meshing with the fixed gear about 
which it rotates. 

77. Swash plate gears. This combination of 
gears is unusual and the only known application 
was in a dough-mixing machine. The action is 
identical with two plain spur gears of same diam
eter. Close observation will show that the teeth 
are cut parallel with the shafts and all are the 
same distance from their respective centers. 
Take a diagonal slice from a great length of a 
spur gear, and the result is a swash plate gear. 

78. Variable reciprocating movement. The 
combination of gearing in this model produces 
a variable speed and movement of the lever and 
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arm. Many different combinations are worked 
out in this manner. A particular use is in te:?C
tile machinery. 

79. Rotary into reciprocating motion. The 
constant rotation of the four-toothed wheel in
side of a specially constructed rack gives the 
reciprocating motion to the shaft through alter
nate meshing of the teeth on rack. 

80. Reverse motion. The reverse motion of 
the driven shaft is caused by the meshing of a 
mutilated bevel gear with two bevel gears at 
right angles to it. It is also caused because the 
meshing of the gears is on opposite sides of the 
driver. The motion of both the driving and 
driven shafts is rotary. Compare action to that 
in No. 39. 



SEcnox YI Nos. 81-96 

Hou. ehold devices, coal breaker rollfi, stone crusher, four early types 

of power devices. 
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Section VI 

81. Electric door bell. When the button is 
pushed, the current flows through the green 
coils. This produces a magnetic pull which at
tracts the red iron bar, causing the clapper to 
strike the bell. As the red bar swings, it pulls 
the spring away from the screw contact and 
breaks the circuit. This stops the current so 
that there is no longer a magnetic pull and the 
bar is released. In springing back, the circuit 
is closed again and the process is repeated to 
produce a continuous ringing bell. 

82. Compression faucet. The faucets in our 
houses are merely valves for opening and closing 
pipes. The compression faucet is the common 
type. The handle operates a screw which forces 
a disk faced with a fiber washer against a cir
cular opening, and so shuts off the water. If 
the handle is turned the other way, the disk is 
raised, leaving an opening so that the water 
flows. When the washer wears out, the con
nection is faulty, causing a leakage. 

83. Fuller ball faucet. In this model, a crank 
is used to open the valve instead of a screw. 
When crank is turned, stop washer A is forced 
back against water pressure and water rushes 
through the spigot. When crank is released, 
pressure of water in pipe closes stop A. 

84. "S" trap or water seal. Correct drainage 
in a house is very essential. A trap is a fixture 
placed in a waste pipe below the plumbing fix
ture to prevent gases from entering the house 
from the soil pipe or sewer. Advantage is taken 
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of the fact that a gas will not force its way into 
water to a lower point. The water is represented 
by the green color. This type of trap is uni
versally used. 

85. Flush tank. As the handle is operated, 
the stop washer connected to it by a long rod is 
raised, opening a valve and forcing the water to 
leave the tank. See valve connections in faucets 
Nos. 82 and 83. The float ball descends with 
the water, thus opening the inlet valve to get a 
fresh supply of water. As water enters inlet 
valve, float rises, closing it to prevent overflow. 

86. · Hot water boiler. The little red arrows 
will show you the course of the water through 
the boiler. It enters cold water inlet on left 
from street mains and flows through a pipe 
which reaches nearly to the bottom of the tank. 
From here it is led off to the heater where it 
flows through coils, is heated and returns to the 
tank nearer the top, leaving at hot water outlet. 
This causes a circulation which continues until 
all the water in the tank has passed through the 
heater and the whole tankful is hot. 

87. Pipeless furnace. Pipeless furnace is a de
vice for circulating warm air through a house. 
Air is warmed by coming in contact with heated 
walls around fire box A, and rises through pas
sages B. As warm air rises through the center 
of registers the cold air is automatically drawn 
downward through outer ring of registers into 
cold air duct C where it is warmed and returned, 
causing continual circulation of warm air through 
the house. An inlet pipe from out-of-doors may 
be used and regulated for desired fresh air. 
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88. Steam or hot water heater. Heat gener
ated in fire box A, heats walls of furnace and 
surfaces going to smoke pipe, raising water in 
red sections to steam heat. Steam rising in 
steam dome is transmitted to steam pipes and 
radiators in building for heat desired. 

89. Coal breaker rolls. Connected with every 
commercial coal mine is a breaker plant fo"r 
breaking and sorting the coal. Rolls of this 
type are placed in the top of the breaker build
ing. The coal is led to the rollers and dumped 
in the top or hopper where it is broken by the 
rotation of the toothed rolls. 

90. Piano action. When ivory end of key bar 
is pressed down, hammer A is caused to strike a 
quick blow on piano string, rebounding to allow 
string to vibrate. A quick rebound is caused by 
the elasticity of both the compressed felt in the 
hammer-head and the steel piano string. Cnder 
normal conditions of playing, the damper im
mediately touches string, causing vibrations to 
cease, thereby stopping tone. When full vol
ume of piano is needed, the loud pedal is pressed 
with the foot to cease operation of damper, al
lowing string to vibrate fully, giving large and 
sustained tones. The intricate mechanism is 
necessary to cause a quick return of hammer for 
rapid playing and to prevent resonance when 
repe:,i,ting action is desired. 

91. Sewing machine. This is the lock stitch 
type machine. To show complete operation, 
material for sewing must operate through ma
chine. As needle goes through material, foot bar 
presses foot down. When needle rises and draws 
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thread up through material the foot rises and 
the toothed feeder under foot advances material 
the required distance for next stitch. On first 
operation, when needle goes downward through 
material, the loop of thread is caught by revolv
ing thread hook, which pulls thread taut in ma
terial. The repeating of this cycle, produces a 
series of stitches continuously along a desired 
line. Desired length of stitch is regulated by 
feed adjustment. 

92. Stone crusher. This mechanism requires 
a very heavy pressure. Therefore a toggle joint 
is employed which is attached to the hinged jaw 
and is driven by an eccentric (See No. 23). In 
a toggle joint, two bars are joined together end 
to end but not in line, so that when a force is 
applied which tends to straighten out the ar
rangement, a great pressure is exerted, in this 
case, to the hinged jaws. A large stone or 
boulder is placed in the hopper and, as it moves 
by its own weight to the lower end of the jaws, 
it is crushed smaller and smaller till it falls 
through. 

93. Horse power wheel. The weight of the 
horse attempting to climb the side of the wheel 
causes the wheel to rotate. To the shaft of this 
wheel a belted pulley may be attached for trans
mission of power. This is a very early source 
of power but is still in use in isolated parts of 
the world. 

94. Wind power mill. The velocity of the 
wind drives the wheel, which has blades that 
can be set at various angles in order to obtain a 
desired speed. The revolving shaft having one 
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grinder attached to it works against the other. 
This early type was used for grinding grain. 

95. Chinese wheel for power. This wheel was 
first known as the "Chinese" wheel and was 
used to punish criminals and slaves. They were 
forced to tread the rungs in the wheel and so 
work out their punishment in labor. Then the 
wheel was equipped with a belt and pulley for 
transmitting power. 

96. Tread wheel for power. The power in this 
device is obtained by the action of animals trav
eling on the inclined plane. It was generally 
used in the early days in rural districts for churn
ing and light work. Animals most generally 
adapted to this were dogs, goats, and sheep. 
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SEC'TJO-'I \'II Xos. 97-112 

Automobile sec-tion, showing <lifferenl parts in detail. Hy<lraulie jack 
and miscellaneous cfrviees. 
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Section VII 
97. Automobile engine starter. This device 
known as the "Bendix drive" is the starter. The 
starting motor is attached to the left end of shaft. 
As the starting pedal is pushed, the motor starts 
the shaft at a high speed, sending the small gear 
in mesh with the· teeth on the fly wheel. The 
spring absorbs the starting shock. This starts 
the engine (See No. 102), which soon picks up 
speed so that the fly wheel revolves faster than 
the small gear. This action causes the small 
gear, still meshed with it, to rotate on the threads 
of the starting shaft, now slowing down, and 
throws it back to its first position and out of 
mesh with the fly wheel. 

98. Steering wheel and gear. The steering 
mechanism in this model is known as the worm 
and gear type. The action of the worm and 
gear is very strong. Use is made of a bell crank 
drive (See No. 10). The horizontal rod is con
nected to the steering arm on the front wheels. 

99. Universal joint. There are many forms of 
universal joints (See Section II). The advan
tage of this form is that it is noiseless in its 
action. The leather disks are very flexible and 
keep changing position. It is necessary to use 
a universal joint as the engine shaft and drive 
shaft are always out of line and every vibration 
of car changes angle. 

100. Auto vacuum tank. This shows a stand
ard type of vacuum tank used to keep the car
buretor supplied with liquid fuel all the time 
the engine is running, from the supply tank 
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which is at a lower level than the carburetor. 
When a vacuum is caused in the tank by the 
piston action of engine (See No. 102), through 
supply tank, gasoline is sucked up from the sup
ply tank, entering through vacuum valve. As 
the tank is filled, the float rises, causing the lever 
arms attached above it to op�rate. This closes 
vacuum valve and opens air valve in vent tube, 
allowing air to enter from outside. As the en
gine runs, the gasoline within the lower part of 
the vacuum tank is supplied to the carburetor, 
and as it does so, the float falls with the gasoline 
level. When the level falls sufficiently, the little 
springs and the float operate the valves again 
and the operation is automatically repeated. 

101. Auto timer and distributor. In an in
ternal combustion engine, it is very necessary 
that the igniting spark occur only in the cylinder 
that is ready to be fired and at the right time in 
the cycle of operations. The timer and dis
tributor is the device which regulates this action. 
The revolving arm is rotated by cam shaft of 
the engine (See No. 102). As it revolves, it 
closes contact with the four terminals on the 
shell of timer, causing current to go to spark 
plugs on the engine and fire them in regular 
order. In this model the firing order is 1, 3, 4, 2. 
The other arm, called the breaker arm breaks 
the current at each contact point as revolving 
arm travels against cam attached to it. 

102. Internal combustion engine, four cycle. 
This is called a four cycle, four cyclinder motor 
because of the four steps in the process, repeat
ing themselves in each one of the four cylinders. 
It is also called a combustion engine because the 
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power is obtained by the rapid burning or com
bustion of a liquid, forming a gas which expands 
and exerts great pressure. The four steps in the 
process are the loading, compressing, firing, and 
exhausting or clearing. As the action is the 
same in all cylinders, the one on the right will 
serve as a good example. 

Step 1. As the engine is started by the start
ing device (See No. 97), the piston head starts 
downward and sucks a charge of vaporized gaso
line in through the inlet valve from the car
buretor (See No. 100 and No. 110). The piston 
is attached to the lower shaft, called the crank 
shaft, by the connecting rod. Connected to the 
crank shaft by means of gears is the cam shaft. 
The upper gear is four times larger than the 
lower, therefore the upper or cam shaft rotates 
only once while the lower rotates four times. 
This regulates the next step. 

Step �. As the piston starts back, the inlet 
and exhaust valves are both closed by the action 
of the cam on the cam shaft, and the gas is com
pressed above the piston head. 

Step 3. At the end of the up stroke, the 
timer delivers current to the spark plug, mak
ing a spark which fires or explodes the com
pressed gas at the proper time causing the piston 
to go down. This is called the power stroke for 
it transmits a rotary motion through the crank 
shaft to the drive shaft of the car. 

Step 4. At the end of the power stroke, the 
exhaust valve is opened and the piston returning 
upward forces the used gas out through the valve 
into the muffler and into the air. Beginning at 
the right, the order of firing of the cylinders is 
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1, 3, 4, '?t. The continuous explosion of gas 
causes the engine to heat up. Therefore a cool
'ing system is needed, as shown in No. 103. 

103. Water circulation for cooling. The cir
culating pump system shown in this model is 
most generally used today. As the water is 
heated it rises to the top of the water jacket and 
travels through this pipe into the top of the 
radiator. A cooling fan draws cold air in 
through the openings of the radiator and cools 
the water. The cool water is then drawn down 
through the radiator by gravity and by the 
pump rotor and enters the lower part of the 
water jacket to repeat its cooling action. 

104. Multiple disk clutch. Clutches were ex
plained in No. 32. This type is a friction clutch. 
The shaft on the left is connected to the crank 
shaft of the engine (See No. 102). The two 
driving disks are mounted one on the crank 
shaft end, being the clutch plate, and one on the 
drive shaft end. The clutch plate is fixed on a 
sleeve and slides on the crank shaft. The red 
and white disk on the right connects with the 
transmission (see No. 108). In front of the 
clutch plate are several disks mounted loosely 
on the crank shaft. When clutch pedal is pressed 
down, clutch plate and loosely mounted disks 
are parted, thereby breaking connection with the 
engine. When the clutch pedal is left in place 
the clutch plate gradually engages with the mul
tiple disks, thereby starting the car. Multiple 
disks afford a smooth starting and less wear, 
because the friction is distributed in all disks. 

105. Cone clutch. This is one of the earliest 
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types of clutch used in automobiles. It is no 
longer used because the shock at starting was 
too great and the wear excessive. 

106. Auto differential. The differential in this 
model is the set of four miter gears in a bracket, 
connected with the shafts of the rear wheels. 
The purpose of this device is to allow one wheel 
to rotate with a different speed than the other 
if necessary, for example, in turning a corner. 
The small miter gears of the differential do not 
revolve when both wheels are running at the 
same speed but simply act as a lock between the 
driving sections of the two wheels. When there 
is a difference in speed, the two horizontal gears 
revolve on their own pinions and compensate 
for the difference. At the same time they keep 
the driving contact between the two sections of 
the axle. 

107. Internal and external brake. The work
ing of foot and emergency brakes is shown in 
this model. When the foot brake lever is pressed 
down it operates the lever on the left and by 
toggle action (See No. 92), tightens the brake 
bands on outside of brake drum, retarding it 
according to the pressure exerted on the foot 
pedal. When the emergency lever is operated 
the same action on bottom of lever turns the 
eccentric cam, with powerful action, expanding 
the brake band on the inside of the drum with 
the same result. 

108. Automobile gear shift, standard. The 
upper revolving shaft is connected on the left 
end to the engine through the clutch. The 
right end of shaft is connected to the drive shaft 
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of the car which runs to the rear axle. This 
shaft is cut in two between the yellow -and blue 
gears, each part revolves separately. The small 
or intermediate shaft carries reversing gear. 
The lower revolving or jack shaft carries four 
gears, all fixed. These mesh with upper gears to 
give the three speeds forward (low, intermediate, 
and high) and reverse. On the left, the two 
yellow gears always mesh. The upper shaft 
drives the lower, getting its power from the en
gine, reducing the speed of the lower shaft be
cause the driving gear is smaller than the driven 
gear. On the right, the two lower red gears 
always mesh. When in reverse position, all red 
gears on right are in mesh. Follow motion of 
yellow gears and red gears to understand reverse 
action. When in low or first position, the green 
and red gears on the right mesh. The speed is 
low because a large gear on the upper shaft 
meshes with a much smaller one on the lower 
shaft, the lower gear now being the driver. In 
second or intermediate position, the two blue 
gears mesh, the speed of the upper shaft being 
the same as the lower, both gears being the same 
diameter. This speed is greater however, than 
when in low. In. third position or high, the 
yellow gear on the left locks inside of the blue 
gear. Now the speed transmitted is high be
cause the driven gear is locked with the drive 
gear which runs at engine speed. 

109. Power measuring dynamometer. The pur
pose of this device is to measure the power re
quired to drive a particular mechanism. It de
pends principally upon the action of a train of 
four bevel gears and a hoop-shaped frame. The 
two horizontal gears and the frame in which they 
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are arranged revolve freely on the middle of the 
horizontal shaft, on which there are two vertical 
gears, the one on the right stationary, the other 
loose on the shaft. The vertical gears mesh 
with the horizontal gears. If a load is put on 
the gear loose on shaft at left, the power required 
to hold the hoop stationary is the power required 
to carry the load. This is measured by any de
vice made to stop rotation of hoop which is at
tached to a recording arm which registers on 
scale. 

110. Gasoline carburetor. The duty of the 
carburetor is to mix the fuel and air and insure 
the proper proportion of each before it is sent 
to the cylinder to be burned. Gasoline is sup
plied to the carburetor from the main supply 
tank by means of the vacuum tank (See No. 
100). The carburetor converts the fuel into a 
vapor by mixing it with air. 

Gasoline enters float chamber from vacuum 
tank (See No. 100), through needle valve at
tached by a lever on the float. \Vhen a suffi
cient supply is in, the float rises and valve closes. 
This float automatically keeps gasoline at proper 
level as in vacuum tank. Gasoline is then 
sucked into the mixing chamber in center by 
the action of engine pistons (See No. 102). It 
is mixed with air, admitted through air valve, 
which vaporizes it as it passes into distributor 
pipe or manifold for entrance into cylinders 
(See No. 102). \\'hen engine is running at a 
very high speed and additional gasoline is 
needed, it is drawn through the high speed jet. 
The throttle valve at top regulates the gas flow 
to the engine, thereby controlling its speed. The 
choke is used in starting when the motor is cold 
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and the mixture will not explode properly. The 
air inlet is closed so that more gas enters the 
mixing chamber giving a richer mixture. The 
heat pipe leads from the exhaust manifold. Heat 
is drawn into the heat jacket around the car
buretor which aids in vaporizing the gasoline, 
particularly in cold weather. 

111. Hydraulic jack. A hydraulic jack is very 
powerful. A small force will exert a tremendous 
lifting power. Pressure applied to the lever 
causes the valve A at opening of liquid chamber 
to open so that liquid is drawn from it and flows 
toward center cylinder. The lever returning in 
the opposite direction opens valve B into cylin
der below ram allowing the liquid to rise in it 
and raise the ram. The great lifting power de
pends on the length of the lever and the size of 
the plunger attached to it. The longer the lever 
and smaller the plunger, the greater the force. 

112. · Auto horn, Klaxon type. This is the 
usual type automobile horn. The motor causes 
the vibrator or cam wheel to revolve against the 
button mounted on sound disk, causing it to 
vibrate. The greater the number of vibrations, 
the higher the pitch or tone. The horn or reso
nator amplifies the sound. 



SEcTIOX YIII Xos. 113-128 

\Yater handling and water power devices, propeller wheel and stet>ring 
device. 
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Section VIII 

113. Old oaken bucket. This is the first known 
method of raising water from a well of no con
siderable depth. Use is made of a lever of the 
first type (See first model on No. 2). The rock 
or counter balance attached to the boom assists 
in lifting the bucket because it equals about 
one-half of the weight to be raised. 

114. Double bucket weJl. Another method 
for raising water makes use of the common pul
ley (See No. 25). The empty bucket is pulled 
down in order to raise the full one. 

115. Bailing or lifting scoop. This device is 
for raising water short distances. The scoop is 
connected by a rod to one end of the green elbow 
lever which has force applied at its other end. 

116. Pendulum water lift. This device for 
raising water is operated by hand or other power. 
By following the arrows leading from each 
pick-up bucket to the overflow it is easy to 
trace the action, the whole device oscillating on 
the center represented by red disk. 

117. Balance pump. This type of pump was 
an early form, operated by a man swaying from 
right to left over the center of the bridge. 
Slaves and criminals were commonly used and 
so worked out their sentences in labor. The 
two plungers represent valve pumps. 

118. Hydraulic ram. This machine for rais
ing water will furnish a supply of water at a 
high level. The alternate action of the two 
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valve,5 operated by the force of the moving 
water, allows the water to enter the air chamber. 
The valve on the right is kept open by its own 
weight until sufficient water has entered the 
inlet and forced it shut. As stop valve closes, 
the small valve is forced open and water enters 
the air chamber rising to a certain level with 
pressure that equalizes the air pressure. When 
the small valve closes again, the right-hand one 
opens. A constant upward stream into tank is 
obtained by the compressed air in chamber act
ing on surface of water. 

119. Fourneyron turbine water wheel. As the 
water enters the holes in the center, it flows 
against the fixed guides or shutes. These direct 
the water against the buckets of the outer wheel, 
causing it to revolve. The water then escapes 
through discharge. 

120. Warren turbine water wheel. In this type 
of turbine water wheel the position of fixed 
guides and revolving wheel is opposite to that 
in No. 119. Water enters inlet at top and fall
ing upon fixed guides on outside is directed upon 
center wheel, causing it to rotate. Water is 
discharged through holes at the center. 

121. Undershot water wheel. The motion is 
caused by the water flowing under gate on left 
pushing against the wheel. The speed of the 
wheel is regulated by raising and lowering the 
gate valve, allowing more or less water to flow 
through. 

122. Lift and force pump. This is the ordi
nary force pump having two valves. The 
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plunger is raised by the handle causing valve A 
to rise, drawing water from low level into the 
pump chamber. On the descent of plunger, 
valve A closes and water is forced through valve 
B into discharge pipe at higher level. As handle 
is again raised, water in discharge pipe closes 
valve B. 

123. Current power water lift. This device is 
sometimes called a Persian wheel. It has a hol
low shaft in the center and curved buckets, at 
the ends of which other forms of buckets are 
suspended. The motive power is supplied by 
the end buckets which turn as water strikes 
them and present a gcod driving surface. Their 
under surfaces offer no resistance because they 
travel in dir€ction of water. This is one of a 
few instances where the motive force also car
ries a load. As the wheel rotates, all buckets 
pick up water. The sinall buckets discharge 
water at the top after being tilted by a stationary 
pin and the curv€d buckets discharge water 
through the hollow shaft in center. 

124. Volute turbine water wheel. This type 
water motor is used for furnishing power. Water, 
entering at the inlet, flows around inside cf 
gradually narrowing pasrnge between vanes and 
outer shell, or casing, and causes vanes to rctate. 
Great pressure is exerted by the water seeking 
to escape. As the water escapes through the 
discharge at center, it is forced against the radial 
surfaces of the red propeller wheel and again 
exerts power on the drive shaft A. 

125. Over-shot water wheel. ]\lotion is given 
to whee) by force of water striking against the 
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buckets at top of wheel, and also by the weight 
of the water in the buckets as they rotate down
ward. 

126. Archimedes screw. This machine is said 
to have been introduced by Archimedes. The 
motive power is supplied by the stream, rotating 
the green wheel. As spiral pipe, represented by 
glass, is rotated by the wheel, water runs in 
lower end seeking its level on the lower side of 
turn in pipe. This lower level advances with 
the spiral shape of pipe and water is automatic
ally raised to the top and discharged. Note 
travel of water as represented by balls in bottom 
of each turn of coils. 

127. Vertical paddle propeller wheel. This is 
the most efficient type of paddle wheel. The 
green driver arms are the supports for the rotat
ing paddles. The red arms are attached by 
crank arms to the green arms. The red driver 
is eccentric to the green driver. The rotating 
action of the two causes the paddles through the 
crank arm connections to be held always in a 
vertical position with their surf aces always meet
ing the water at right angles to their travel. 
This is the most efficient angle for driving. 

128. Steering wheel and winch. Ordinary 
steering apparatus. On the shaft of the hand 
wheel is a barrel on which is wound a rope. The 
ends of the rope pass around guide pulleys and 
are attached to a lever or tiller on the top of the 
rudder. By turning the wheel in opposite di
rections, the rope will wind and unwind, pulling 
the lever in the direction the wheel is turned. 
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Section IX 
129. Clock escapement. An escapement is a 
combination in which a toothed wheel acts upon 
two distinct pieces or pallets attached to a recip
rocating frame. The frame is so arranged that 
when one tooth escapes or ceases to drive its 
pallet, another tooth shall begin its action on 
another pallet. The object of an escapement 
in a clock or watch is to stop and then set in 
motion again, at regular intervals, every wheel 
in the entire train of mechanisms. This action 
causes the familiar tick of a clock and watch. 
The rotating toothed wheel is the driver and 
gives a swinging or oscillating motion to the 
driven member. This type of escapement was 
used on the first clock movements when whole 
works were made of wood. 

130. Clock escapement. In this model, the 
arm which holds the pallets is guided by a pin 
fastened to the red disk. The wheel is kept 
from escaping or making a continuous rotary 
movement, by the alternate action of the pallets 
entering and retiring from between the teeth of 
the escape wheel. 

131. Clock escapement. The Seth Thomas 
clock exhibit opposite this section makes use of 
a type of clock escapement very similar to this, 
the only difference being a slight change in the 
shape of the pallets. The escape wheel, which 
turns in a clockwise direction, is supplied with 
long, pointed teeth. As it turns, the pallets 
alternately come in contact with the teeth, and 
cause the pendulum to swing. 
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132. Watch escapement. The escapement in 
watches operates on the same principle as that 
in clocks, though a balance wheel is used instead 
of a pendulum. The anchor shaped piece with 
two horns. is called the pallet. First one horn 
of the pallet, then the other,locks with the teeth 
of the escape wheel as it revolves. The unlock
ing is accomplished by a lever attached to the 
pallet. The action of this lever is controlled by 
a balance wheel which gets its action from the 
coiled spring often called a "hair spring." The 
lever is alternately engaged and released with 
the balance wheel by means of the small pin. 
Not only ingenuity, but the greatest accuracy 
and delicacy is required of the machinery used 
in the art of watchmaking. 

133. Four-way expanding movement. When 
motion is given to any one of the arms, the re
maining three move the same distance. 

134. Stop wind. As the disk carrying ratchet 
teeth revolves, the pin attached to it carries the 
upper disk forward the distance of one tooth. 
After the last tooth is advanced, the pin rests 
against the outer edge of red disk and is held in 
that position against rotation. Flyback of red 
wheel represents running down of spring. This 
movement is used in watches to prevent over 
winding the spring which causes breakage. 

135. 

136. Baling press. This hand press is used for 
pressing cotton, waste paper and other material 
into a baling form to be tied for handling. The 
motion given through the hand crank is trans-
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mitted to the press by means of the toothed sec
tor and rod connected with it at a greatly mul
tiplied power. 

137. Gravity trip hammer. The hammer is 
lifted by the revolution of the toothed cam, four 
times to each revolution. Force of blow depends 
upon weight and length of drop of hammer head. 
This is one d the first types of power-driven 
forging hammers. 

138. Gravity drop ore stamps. In the left 
hand model, sharp falls of the vertical rod are 
derived from the mutilated rotating wh�el or 
pinion. This pinion acts upon the teeth in the 
rod and raises it until all teeth have meshed; 
then the rod falls. 

In the other model, the rod is raised by the 
action of the revolving cam against the green 
lift collar. These are used for crushing rock to 
extract the ore and are generally mounted in 
gangs, having a large number in line. 

139. Typewriter key bar. When key bar is 
struck by operator, the type bar is raised quickly 
by the connecting rod, striking the platen or 
roller and making the impression upon the paper 
through the typewriter ribbon which is held in 
front of platen. Recovery to original position 
is made by action of a tension spring. 

140. Air hammer. The head of this hammer 
is attached to a piston A, and is made to work 
in cylinder B, by the intermittent releasing of 
compressed air into the cylinder above and be
low by the slide-valve on top. The air is sup
plied from the air pressure chamber into wLich 
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it has been forced by the air pump. When 
pump piston C is in up position, air enters 
through D and is compressed as piston descends 
through valve in bottom of cylinder. The air 
pump is driven by a crank attached to the black 
revolving disk on driving shaft. This type ham
mer is used for heavy duty forging and can also 
be operated by steam pressure. 

141. Fan blower. This is the well known type 
of fan blower used for forced air draught on ven
tilating systems. By the revolution of the cen
tral shaft and attached fan blades, air is drawn 
in at the center of the casing through the inlet 
and forced out under pressure through the spout. 

142. Pile driver. The earliest form of pile 
driver. The driver head is lifted by hooks to a 
sufficient height. Then the hooks are released 
by pressure of hook arms against the sides of the 
slot in the top of the frame, releasing the driver 
head. Its driving power depends on the weight 
of the driver and the height of drop since the 
force accumulates as the dri-ver falls. 

143. Rotary conveyor. A spiral blade is at
tached to the driving shaft so that as it rotates, 
the material being conveyed is pushed forward 
by the face of the blade in the direction of the 
arrow. 

144. Toggle punch. The hand lever working 
upon the joint or horizontal connecting link 
through short center leverage at the end of 
handle exerts a terrific power on punch through 
toggle action, as explained in No. 92. 
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THE NEWARK MUSEUM 

Section X 

145. First steam engine. Date 130 B. C. 
Heron's engine, is now regarded as the first steam 
engine. Steam is generated in the lower vessel, 
or boiler and conducted into the globular vessel 
above by two bent tubes. These tubes also 
serve as pivots on which the globe revolves. 
Its rotation is caused by the steam escaping from 
the four bent arms and its direction is opposite 
to that of the steam travel. 

146. Trunk type engine. This is a simple 
form of the early type of trunk or atmospheric 
engine. Steam is admitted in bottom part of 
cylinder A through part B causing piston to 
rise. At end of tip stroke a jet of c0ld water is 
thrown into cylinder A through D, cooling steam 
and causing vacuum to draw piston down. The . 
inertia stored in heavy.fly wheel on shaft during 
up stroke of piston, causes crank C to travel 
over center for down stroke. It is now obsolete 
but was generally used before the introduction 
of the slide valve engine (See No. 154). 

147. Oscillating cylinder engine. This engine 
is not a very efficient type. The cylinder is 
pivoted at its center to the engine frame, turn
ing on pivot with an oscillating motion. Note 
the upper and lower parts in the back face of the 
cylinder to admit and exhaust the steam. As 
piston travels up, steam pressure is admitted 
through lower right port and exhausts through 
upper left port. As piston descends, steam is 
admitted through upper right port and ex
hausted through lower left port. The action of 
the piston rod drives the fly wheel to which it is 
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attached by means of a crank. The inertia of 
the fly wheel carries the crank over the centers. 

148. Oscillating piston engine. Steam enters 
at the top from the boiler and is admitted into 
the piston chamber A through steam. ports by 
the action of the slide valve, B. The steam 
alternately strikes against the sides of the oscil
lating piston and passes through the exhaust 
port into the atmosphere. The crank C is at
tached to the piston shaft at bottom and is con
nected by a pitman rod D to the fly wheel. The 
crank pin operating in slot of valve rod E strikes 
the end of slot alternately and moves the up
right valve arm F causing slide valve B to open 
and close steam ports. 

149. Double quadrant steam engine. This 
model is called the double quadrant steam en
gine because the two piston rods are attached 
to arms, which move in a quadrant or area equal 
to one quarter of a circle. Steam enters from 
the boiler at the top. The inlet valve A is at
tached to crank B on under side by a cam. 
Valve A allows.steam to enter steam ports mov
ing each piston arm alternately in a quadrant, 
turning crank B. On return stroke of red arms 
steam escapes into interior chamber C and 
through exhaust port into the air. 

150. Rotary engine or pump. This is a very 
common form of rotary engine or pump. Steam 
entering at inlet on right exerts a pressure on 
the eccentric piston rotating in center of cylinder 
causing it to revolve until the longest point from 
the center indicated by arrow, passes the outlet, 
where steam passes into atmosphere. The slide 
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A follows the piston and acts as a barrier against 
high pressure steam entering inlet. When used 
as a pump, piston is driven by power, water en
ters at boiler pressure inlet and is forced out 
exhaust port as piston revolves. 

151. Elliptical gear engine or pump. Elliptical 
gears were explained briefly in No. 67. Steam 
enters at top from boiler and by exerting pres
sure on the arms of gears, the pistons rotate. 
As arms pass exhaust pipe entrance in turn, 
steam passes into the air. When used as a 
pump, the action is the same as in No. 150. 

152. Vertical engine. Marine type. The slide 
valve which regulates the flow of steam into the 
piston chamber, is operated in this engine by a 
cam mounted oil drive shaft. It is sometimes 
called a cam valve engine. The piston rod be
ing driven by the force of the steam in cylinder 
turns the crank shaft attached to the cam caus
ing it to revolve as in No. 154. 

153. Spring type engine governor. A governor 
is a device to regulate the speed of an engine and 
was invented by James Watt. In this type the 
balls are attached to springs, having their upper 
ends fastened to a collar fixed on the central 
shaft and their lower ends fastened to a collar 
on a sliding sleeve. The springs are of such a 
tension that they will remain in one position for 
a required speed of the engine. When the en
gine exceeds this speed the balls are thrown out
ward by centrifugal force raising the sleeve stem 
and closing the valve so that the steam pressure 
is shut off. This keeps the speed of the engine 
constant. 
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154. Horizontal slide valve engine. This is the 
well known type of reciprocating slide valve en
gine in universal use. Steam entering steam 
ports alternately by action of sliding valve, oper
ates piston in cylinder. Attached to the piston 
rod is a crank and crank arm which drives the 
fly wheel. An eccentric on drive shaft operates 
the sliding valve through eccentric rod. 

155. Triple expansion engine. Steam enters 
the cylinder on the right at high pressure caus
ing piston rod to operate in regular way as in 
No. 152 and No. 154. After it performs its 
work, it is exhausted into low pressure cylinder 
in center and in turn into third low pressure 
cylinder on left. From here it is exhausted into 
atmosphere. 

156. Aero radial engine. This is a radial en
gine of the airplane type. The vertical connect
ing rod with a disk type head is directly attached 
to the drive shaft crank A. This rod revolves 
completely with the crank. Note how the other 
four rods are connected to the disk. They are 
not rigid but oscillate as the disk turns. Valve 
actions and ignition are omitted as they are fully 
shown in Auto engine model No. 102. Firing 
rotation is every other cylinder in the 5, 7, or 9 
cylinder types of engines. 

157. Steam turbine. Pelton wheel type. High 
pressure steam entering five steam inlets drives 
against the outside surface of the wheel making 
it revolve at a high speed. The speed is regu
lated by the opening of the steam port or inlet. 
Steam escapes through exhaust ports in casing. 



66 THE NEWARK MUSEUM 

158. Valve gear. Hand or automatic. This 
is the first type used on stationary slide valve 
engines. Horizontal arm or handle is designed 
to be disconnected by hand from green head of 
valve rod. If this is done, vertical arm controls 
valve stem by hand operation. This change is 
necessary to enable the engineer to stop his en
gine off center or in a position where it will start 
again. This is done by watching crank shaft 
and closing both steam ports by action of verti
cal lever causing engine to stop in that position. 
Rods are then connected for automatic starting. 

159. Steam engine reversing links. This is 
another type of valve gear called the reversing 
type and is most commonly used on locomotives. 
As you wiJl note in the automatic action of this 
model, when the hand lever is thrown forward 
or backward it changes the position of the slide 
valve through action of slotted link motion, ad
mitting steam in either end of cylinder as de
sired in order to start the engine forward or 
backward. 

160. Steam turbine. This type of turbine is 
an improvement over No. 157. Through the 
multiple arrangement of the bucket wheels, 
steam enters through control valve striking first 
wheel fixed to shaft causing both to rotate. As 
this steam passes through, it strikes th� station
ary wheel in center and is deflected so that it 
strikes the third wheel, also fixed to shaft, again 
furnishing power to drive shaft. 



GLOSSARY OF TERMS 

bearing-A part on which a pivot, pin, or the 
like, turns or revolves. 
bevel gears-Those which have grooves not at 
right angles· to the shaft. 
cam-Rotating or sliding piece or projection, 
as on a wheel, for moving or receiving from a 
roller, pin, or the like, motion against its edge. 
centrifugal force-Force directed outward 
from the center when a body is made to move 
in a curved path. 
clutch-Mechanical device used to connect a 
driving and a driven member on the same axis. 
combustion-The act of burning. 
countershaft-lntermediate shaft for receiving 
or transmitting motion, sometimes called a jack 
shaft. 
crank-A part or arm at right angles to a shaft 
to receive or impart motion. 
device-Refers to an ingenious machine. 
disk-Flat circular plate. 
drum-A cylindrical part of a machine resem
bling the musical instrument of this name. 
dynamometer-Apparatus for measuring force. 
eccentric-A revolving disk having the point 
on which it revolves off the center of the disk. 
elliptic gears-Those having the form of an 
ellipse. 
escapement-A mechanism in which a toothed 
wheel acts upon two distinct pieces of pallets 
attached to a reciprocating frame. 
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flange-In this case a rim for a guide to another 
object. 

force-A push or pull. Any action between 
two bodies which changes, or tends to change � 
their relative condition as to rest, motion, or 
other physical interrelation. 

friction-·A resistance or force which opposes 
every effort to slide or roll one body over another. 

gear-A mechanical part by which motion is 
transmitted in machinery. 

generate-To produce. lTsed here in the sense 
of producing power to do certain work . . 
governor-Autcm':ltic attachment to an engine 
for controlling its speed. 

gravity-A force or pull which attracts bodies 
to the center of the earth. 

hydraulic mechanisms-Those operated or 
effected by water. 

inclined plane-A simple machine for over
coming work. One of the basic principles of 
mechanics. 

inertia-A property of matter by which it tends 
to remain in motion if in motion, or at rest if at 
rest, unless acted upon by some extern�l force. 

intermittent motion-Periodic; coming and 
going at intervals; alternate. 

joint-A connection link for transmitting power 
between two shafts which are out of line or 
change position. 

lever-A simple machine. One of the basic 
principles of mechanics. 
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leverage-Action of a lever or the mechanical 
advantage gained by a lever. 
machine-A combination of mechanical parts 
which serve to transmit and multiply force and 
motion so as to do work. 
mechanical advantage-In a machine it is 
multiplying power. 
meshing of gears-Engagement of the teeth 
of the driving gear with the driven gear. 
miter gears-Those with grooves at an angle 
of 45 ° to the shaft. 
mutilated gears-Those with an incomplete 
circle on teeth. 
oscillating motion-Swinging or moving back 
and forth over a field. 
pallet-Teeth on an escapement mechanism 
which alternately engage with the teeth of the 
toothed wheel. 
pawl-An arm which falls into the notches of a 
ratchet wheel to permit motion in one direction 
only. 
pendulum-A body suspended from a fixe� 
point so that it may swing freely to and fro. 
pinion-Cogwheel with a small number of teeth 
designed to mesh with a larger wheel or rack. 
piston-Close-fitting piece which slides within 
a cylinder. 
piston rod-Rod which connects the piston 
with the crank shaft. 
pitman rod-. Rod which connects any driving 
member in a machine to its driven member. 
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platen-Roller of a typewriter against which 
the paper rests to be printed. 
power-The rate of doing work. 
propeller-A form of screw for pushing or pull
ing a body through air or water. 
pulley-A simple machine. A wheel used to · 
transmit power by means of a band, belt, etc. 
pump-A machine for lifting, compressing, or 
transferring liquids or gases. 
quadrant-An area equal to one quarter of a 
circle. 
radial engine-An engine with its cylinders 
diverging from the crank shaft placed in center. 
ratchet-A mechanism composed of a toothed 
wheel which is turned in one direction by an arm 
called a pawl. 
reciprocating motion-Movement backwards 
and forwards. 
rectilinear motion-Motion in a straight line. 
reverse motion-Opposite, contrary, or turned
back motion. 
rotary motion-1\fotion which turns as a wheel 
on its axis. 
screw-A simple machine. An inclined plane 
wrapped around a cylinder. 
scroll gears-Those which, because of their 
form, produce a gradual increase and decrease 
of speed during one revolution. 
shaft-A bar to support rotating parts or to 
transmit power by turning. 
sheave-Grooved wheel of a pulley. 
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spring-Elastic body or device which recovers 
its original shape when released after being dis
torted. 
sprocket wheel-A toothed wheel shaped to 
engage with a chain. 
spur gears-Those having grooves parallel to 
the shaft. 
steam engine-An engine driven or worked by 
steam. 
stud-Short projecting rod or pin on a mecha
nism for giving or receiving motion against its 
edge. 
train of mechanisms-Series of connected 
mechanisms. 
transmission of motion-;-Act of passing on 
motion from the driver to the driven member of 
a machine. 
treadle-A lever device pressed by the foot to 
operate a machine. 
turbine-Rotary motor, operated by the force 
of water or steam against its curved veins. 
universal joint-Flexible joint which allows 
variation in the angle between the two shafts. 
vacuum-Space where there is literally nothing. 
valve-A device which regulates the direction 
of the flow of a liquid or gas. 
wedge-A simple machine. Another form of 
the inclined plane. 
work-The act of a force upon a body causing 
it to move. 
worm-A continuous, screw. 
yoke-Frame in which a particular part of a 
machine works. 





SOME OF THE BOOKS CONSULTED 

The following books were found most helpful 
in preparing the exhibit and the text for this 
pamphlet: 

Andrews, E. S. ·Mechanisms. Lond., Clive, 
1926. 
Black, N. H. and Davis, H. N. New Practical 
Physics. Macmillan, 1929. 

Bradford, L. J. and Eaton, P. B. Machine De
sign. Wiley, 1926. 

Brown, H. T. Five Hundred and Seven l\Ie
chanical Movements. Baird, 1908. 

Brown and Sharpe Manufacturing Company. 
Practical Treatise on Gearing. Browne & 
Sharpe, 1929. 

Dull, C. E. Essentials of Modern Physics. 
Holt, 1922. 

Dunkerley, S. Mechanism. Longmans, 1919. 

Dyke, A. L. Dyke's Automobile and Gasoline 
Engine Encyclopaedia. Dyke, 1928-1930. 

Encyclopaedia Britannica, 14th Edition. Vol. 
18. Article on "Power Transmission." 1929. 

Ham, C. W. and Crane, E. J. Mechanics of 
Machinery. McGraw, 1927. 

Hiscox, G. D. Mechanical Appliances, l\Ie
chanical Movements and Novelties of Construc
tion. Henley, 1927. 



74 THE NEWARK MUSEUM 

Hiscox, G. D. Mechanical Movements, Powers 
and Devices. Henley, 1927. 
Keown, R. M. Mechanism. McGraw, 1921. 
Kuns, R. F. Automotive Essentials. Bruce, 
1928. 
Ortman, 0. R. Physical Basis of Piano Touch 
and Tone. Dutton, 1925. 
Page, V. W. Everybody's Aviation Guide. 
Henley, 1928. 
Page, V. W. Modern Gasoline Automobile. 
Henley, 1928. 
Usher, A. P. History of Mechanical Inven
tions. lVlcGraw, 1929. 

A special book list on :Machine Shop Practice 
was prepared and distributed by the Newark 
Free Public Library. 



PATTERN MAKING AND IRON CASTING 

The metal parts of the models in the exhibit of 
Mechanical Models explained in the first part 
of this pamphlet were cast in aluminum because 
of its lightness. The patterns were made by 
Benjamin E. Jarvis, Inc., of Newark, and the 
castings by the American Aluminum Casting 
Co., of Irvington, N. J., and J. Redlinghouse, 
Inc., of Newark. 

Through the courtesy of Benjamin E. Jarvis, 
Inc., and Sacks-Barlow Foundries, Inc., Newark, 
process exhibits illustrating the steps in pattern 
making and iron casting are illustrated. 



EXHIBIT OF PATTERN MAKING 
Gift of Benjamin E. Jrir11is, Inc., Newark, N. J. 

DOUBLE GROOVED PULLEY 

Aa used in the operation of Mechanical Models 

Processes shown in the exhibit include: 
Tracing of working drawing 
Blueprint 
Photograph of back of Section No. 1, Me
chanical Models, showing single and double 
grooved pulleys. 
Iron Casting of a double grooved pulley. 
Scale. This is one eighth of an inch longer 
than standard. Cast iron, in cooling from 
liquid to solid state, shrinks approximately 
one eighth of an inch per foot. Pattern
maker allows for this shrinkage by using a 
scale one eighth of an inch longer than 
standard. 
Pattern consisting of two separate parts, 
pattern and core box. 
Pattern 

A Plate 
a. Board in rough 
b. Board after running through 

Jointer and Thickness Planer, 
with diameter of plate indi
cated 

H Hub 
a. Board with diameters of hubs 

indicated 
b. Hubs after cutting out on Band 

Saw 
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C Photograph showing man operating 
Band Saw 

D Plate after cutting out on Band Saw 
with one hub glued on (ready for 
Lathe) 

E Chuck to which Pattern is attached 
for turning on Lathe 

F Photograph showing man turning 
pattern on Lathe 

G Finished pattern 
Core Box 

A Box 
a. Board in rough 
b. Board after running through 

Jointer and Thickness Planer, 
with diameter of core box indi
cated 

c. Core box after cutting out on 
Band Saw (ready for Lathe) 

d. Finished core box 
B Loose Piece 

a. Board in rough 
b. Board after running through 

Jointer and Thickness Planer, 
with diameter of piece indi
cated 

c. Piece cut out on Band Saw 
(ready for Lathe) 

d. Finished loose piece 
C Sweep 
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CAM WHEEL 

.4., .,hou·n on Panel No. 55 

Tracing of working drawing 
Blueprint 
Photograph of Panel No. 55 :Mechanical 
Models showing Cam Wheel for Intermit
tent Motion 
I Pattern 

A Plate 
a. Board in rough 
b. Board after running through 

Jointer and Thickness Planer, 
with diameter of plate indi
cated 

c. Plate after cutting out on Band 
Saw 

B Hubs 
a. Boards with diameter of hubs 

indicated 
b. Hubs after cutting out on Band 

Saw 
C Rim 

a. 4 segments of rim laid out on 
piece of wood 

b. 4 segments after cutting out on 
Band Saw 

D Parts B and C assembled and glued 
to plate A (ready for Lathe) 

E Pattern after turned on Lathe, with 
teeth laid out on rim showing four 
stages in the process of cutting and 
finishing teeth 

F Finished pattern 
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A good description of the process of making a 
pattern may be found in Pattern-l\Iaking by 
Edward 1\1. McCracken and Charles H. Samp
son, published by Van Nostrand, 19�1 and in 
Wood Pattern .Making by Edmund C. Hanley, 
published by Bruce, 19��-�4. 



c. 

EXHIBIT OF IRON CASTING 
Lent by Sacks-Barlow Foundries, Inc., Newark, N. J. 

DOl'BLE GROOVED PCLLEY AXD CAM WHEEL 

Processes shown in the exhibit include: 
1. Ingredients for l\:fatch 

a. Samples of sand 
b. Samples of litharge 

Samples of boiled linseed oil 
2. l\Iatch 
3. Bench rammers (2) 
4. Match with drag placed on top 
5. Sample of parting powder and bag 
6. Sample of molding sand 
7. Drag filled up with sand 
8. Iron striker to smooth off sand 
9. Match part removed and cope placed 

on drag 
Sprue put in place 

10. :Mold filled with sand and sprue re
moved 

11. Bellows 
12. Ingredients for core 

a. Core sand 
b. Binder 

13. Core in core box with sweep 
14. Baked core on iron plate 
15. Flasks with cope separated from drag 

with patterns still in place ... 
16. Feeders cut in sand. Patterns re

moved. Core put in place 
17. Sample of graphite facing 
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18. Molders tools 
a. Finishing (5) 
b. Draw pin 
c. Screw draw pin 
d. Trowel 
e. Swab 
Cope on drag with weight on top (ready 
for pouring) 

20. Materials put in cupola 
a. Samples of coke 
b. Samples of pig iron 

21. Picture of cupola 

22. Hand ladle 

23. Samples of fire clay and fire sand 

24. Mold filled with iron 

25. Quarter cross section of mold showing 
castings in sand mold 

26. Castings as taken from sand 

27. Castings broken off from gate 

A good descri}Jtion of the process of making a 
simple casting may be found in Foundry Prac
tice by R. H. Palmer, 3rd edition, Wiley, 19�6. 
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tions and Equipment. Chapman & HaIJ, 1928. 
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