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UNITED STATES PATENT OFFICE. 
CEABLEs O. reason, or rw York, AND August surps, or Yoxas, New Yor. 

ELECTRonaGETIC ACCELEaAroa. a 

944,497. speciabation of Letters Patent. Patented Dec. 28, 1909. 
Applientia aled August 17, 1908. Serial to 44sbos, 

To all phom it may concern 
Be it known that we, CHARLEs O. PEAR 

soN and AUGUST Sunox, citizens of the 
United States, and residents, respectively, of 
the borough of Brooklyn, in the county of 
Kings, city and State of New York, United 
States of America, and of the city of Yonk 
ers, in the county of Westchester and 
State of New York, United States of Amer 
ica, have invented certain new and useful 
Improvements in Electromagnetic Acceler 
ators, of which the following is a specifica 
tion. 
Our invention relates to an electromag 

netic accelerator or power transmission 
mechanism, by means of which the power 
generated by a motor of any desired type 
may be transmitted to some required mech 
anism at different speeds and in either di 
rection and the motor and the transmission 
gearing be under the control of an operator 
at any desired location. 

Its object is to accomplish these ends and 
to obtain a smooth and gradual change of 
speed in a novel and efficient manner. 

Further objects of the invention will ap 
pear in the following specification in which 
we will describe the construction and ar 
rangement of certain apparatus exemplify 
ing our invention, the novel features of 
which we will set forth in appended claims, 

Referring to the drawings, Figure 1 is a 
plan view, partly in section, of a power 
transmission device embodying our inven 
tion, together with a diagrammatic repre 
sentation of certain electrical apparatus and 
connecting circuits. Fig. 2 is a plan view, 
partly in section, of a modified form of 
clutch mechanism which may be used instead 
of those shown in Fig. 1. Fig. 3 is an end 
elevation of an electrically controlled fluid 
pressure starting device which may be used 
in conjunction with the other parts of the 
apparatus whenever a motor or engine which 
is not self-starting is used as the motive 
power. Fig. 4 is an end elevation of an 
electromagnetic brake mechanism, Fig. 5 
is a front elevation of a controlling switch 
with a part of its cover broken away to more 
clearly show its construction. Fig. 6 is a 
front elevation of a portion of the same. 
switch with some of its parts in different 
relative positions. Fig. 7 is a sectional side 
elevation of this switch. Fig. 8 is a rear 
elevation of the switch showing a cam with 

a dash-pot connected thereto. Fig. 9 is a 
sectional side elevation of a portion of the 
dash-pot showing its valve somewhat in de 
tail. Fig.10 is a detail of the switch show 
ing a portion of a can groove which is upon the periphery of its casing. 

Like characters of reference designate corresponding parts in all of the figures, 
10 designates a bed-plate which serves as 

a base or foundation for a motor 20 and 
other parts of the apparatus. Any type or 
form of motor may E. used in carrying out 
our invention, but for convenience, we have 
shown a direct-current electric motor of 
which 21 is the armature and 22 its shaft. 

23, 24 designate leads from the armature 
brushes of the motor, and 25, 26 the leads 
from its shunt-field winding. 

27 is a clutch member affixed to the shaft 
22, and 28 is a spur-gear rigidly mounted 
upon the clutch member 27. 
80 is a power transmission shaft which is 

to be driven by the motor through the 
mechanism which we are about to describe. 
This shaft is supported in bearings 11 and 
12 which are mounted upon the base 10. 
A driving sheave or pulley 31 is affixed to 
the front of this shaft outside of the bear 
ing 11. On the other side of bearing 11 is 
a brake sheave 32. 

33 and 34 are spur-gears which are con 
nected to the shaft 30, and 35 is a clutch 
member affixed to the rear end of shaft 30 
outside of the bearing 12. 
40 is a countershaft supported in bearings 

13, 14 and 15, extending upward from base 
10. 41 is a gear keyed to this shaft and in 
mesh with the gear 28. 42 is another coun 
tershaft supported in bearings 16, 17 and 18. 
A gear 43, which is also in mesh with gear 
28, is affixed to this countershaft 42. By 
means of this arrangement the countershafts 
40 and 42 are driven together in the same 
direction by the motor 20. 
The brake on shaft 30 comprises a brake 

strap 36, the ends of which are affixed to a 
pivoted lever 37 which is pushed in one 
direction by a compression spring 38 to ap 
ply the brake, and which is arranged to be 
pulled in the other direction against the 
action of the spring by an electromagnet 
39 to release the brake. 
50 and 58 are electromagnetic clutches 

upon the countershaft 40. 57 and 59 are 
similar clutches upon the countershaft 42, 
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and 60 is another clutch of somewhat differ 
ent design between the shafts 22 and 30. 
The clutch 50 comprises a driving member 
51 which is loosely mounted upon the coun 
tershaft 40 and carries a gear 52 which is 
keyed to it and is in mesh with the gear 33, 
and a driven member 53 which is keyed to 
the countershaft 40 and may be backed up 
by a fixed collar 54 upon the shaft. 55 is 
a coil or winding within this member 53, the 
terminals of which are carried through its 
periphery and connected with the collector 
rings 55 and 55. 56 is a compression 
spring between the driving and driven mem 
bers and so arranged that it has a tendency 
to keep them apart. The other clutches 57, 
58 and 59 are similarly constructed so that 
their parts need not be specifically pointed 
out. The construction of clutch 60, how 
ever, as shown in the drawings, is somewhat 
different. We have already shown that the 
clutch members 27 and 35 are affixed, re 
spectively, to the shafts 22 and 30. The 
member 27 carries two or more pins 61 upon 
which are carried a plurality of disks 62. 
These disks are loosely held by the pins 61 
So that they may slide freely in and out, but 
are held against rotation thereby. Similar 
pins 63 are carried by the member 35 and 
these support in a like manner a plurality 
of disks 64 which are placed between the 
disks 62. 

65 designates a plurality of friction 
washers which are interposed between the 
disks 62 and 64. 

66 is a compression spring between the 
clutch members 28 and 35, and aranged to 
keep these two members and the disks which 
they carry apart. 

67 is a coil or winding within the clutch 
member 28. Its terminals are connected 
with collector-rings 68 and 69. 
In Fig. 2 we have shown a still further 

modification of clutch construction. This 
figure is a plan view of two clutches-one of 
which is shown in section-which are to take 
the place of the clutches 50 and 58 in Fig. 1. 
In this Fig. 2, 70 designates a housing 
loosely mounted upon the countershaft 40 
and carrying the gear 52, 71 are pins in 
this housing which carry disks 72. This 
housing, together with the gear 52 and the 
disks 72, forms the driving member of the 
clutch. A ring 70 fits into a groove in the 
forward end of the housing and is arranged 
to slide the housing longitudinally upon the 
shaft. 73 is a driven member which is ar 
ranged to rotate with the countershaft 40, 
but is So arranged that it may be moved 
thereon longitudinally. This driven mem 
ber carries pins 74 and disks 75 which are 
between the disks 72. 75 designates fric 
tion washers which are interposed between 
the disks. 73' is a ring fitting into a groove 
in the forward end of the driven member. 

IO 
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76 is a lever which is pivoted at 76 and 
connected with the ring 73. 77 is another 
lever connected with the ring 70 and piv 
oted at 77 with the lever 76 at a point in 
termediate its pivot and its connection with 
the ring 73. The other end of the lever 77 
is connected with the plunger of an electro 
magnet 78 which is pressed outward by a 
spring 79 and which, when energized, will 
act against the spring and, through the lever 
connection just described, will pull the driv 
ing and driven members together and cause 
them, through a frictional contact of their 
respective disks, to rotate together until the 
magnet 78 is de&nergized, when the spring 
79 will move the clutch members apart 
again. A compression spring 72 inter 
posed between the two members will assist 
ihis part of the operation. 
We have before stated that any kind of 

motor may be used in conjunction with this 
invention. When an internal combustion 
engine is used or other motor which is not 
self-starting, a starting device, such as that 
shown in Fig. 3, ma 
electrically controlled reversible fluid pres 
Sure turbine of which 80 designates the cas 
ing and 81 the shaft. 82 is a pressure pipe 
from a suitable source of supply which may 
be connected with either one of the inlet 
pipes 84 or 85 by a valve 83 whenever either 
of the magnets 86 or 87 is energized. 88 is 
a T-shaped lever connecting these magnets 
with the valve 83, and 89, 89 are springs 
arranged to hold the lever and its connected 
valve in their central position to stop the 
turbine when neither of the magnets is en 
ergized. The impact blades or other parts 
of this turbine are not shown as they form 

part of our invention, but a sprocket 
wheel 81 and a portion of a sprocket-chain 
29 are shown to illustrate one kind of me 
chanical connection which may be made be 
tween this starting device and the engine or 
motor, it being understood, of course, that a 
sprocket-wheel may be also provided on the 
shaft of the engine over which the chain 29 
is run. 

90 designates a controlling switch of 
which 91 is the casing. 
92 is a shaft supported by the casing. A 

part of the casing is constructed as shown 
at 93 to form a cam surface. 
94 is the cover of the Switch. 
95 is an actuating member which is loosely 

pivoted on the shaft 92 and which comprises 
a slotted cam 95A in which is a roller 96. 
which is on the upper end of the piston rod 
of a piston 96 which is within a stationary 
cylindrical dash-pot 97. 98 is an adjustable 
air outlet from the bottom of this dash-pot, 
and 99 is a ball check-valve which allows 
free ingress of air to the cylinder. 

100 designates a roller which is mounted 
in the end of a spindle 101 passing through 

be used. This is an 
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the outer portion of actuating member 94. 
and pressed inward against the cam surface 
98 by a spring 102. 

108 is a handle pivotally supported in the 
actuating member at 104. 105 is an arm 
depending from this handle at substantially 
right-angles thereto and passing into a cam 
groove 03 on the outer periphery of the 
casing 91. This arm is preferably provided 
with an antifriction roller as shown. The 
shape of the cam groove is shown in Fig. 10 
and it is constructed so that it has a tend 
ency to stop the handle and its connected 
parts in their central position whenever 
there is any weight upon the handle. 103. 

106 is a switch lever which is affixed to a 
collar 107 on the shaft 92. Near its upper 
end it is provided with an inwardly pressed 
roller 108 which is arranged to ride over 
cam surfaces 109 on the cover 94. It is also 
provided near its upper end with a slot, 110 
through which a pin 111 in the actuating 
member 95 projects. 112 is a contact leyer 
also affixed to the collar 107 and carrying 
contact brushes 113, 114, 115, and 116. 

117 is a base of insulating material upon 
which are mounted stationary contacts with 
which the brushes coact. 118 is one of these 
stationary contacts and upon it the brush 
113 rests. 119 and 120 are their contact 
plates which are in line with the movement 
of the brush 114. 

121, 121, 122, 122, 123, 123, are contacts 
with which brush 115 coacts. 

124, 125, 126, 127 and 128 designate sta 
tionary contacts onto which the brush 116 
may be consecutively moved. 

-- and - designate mains from a suitable 
source of electrical supply. 

130 designates a storage battery. 
131 is a switch by means of which the 

mains may be connected with the battery, 
and 132 is a switch through which the mains 
and the battery or the battery alone may be 
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connected with the various parts of the ap 
paratus. 

133 is an electrically actuated reversing 
-switch which comprises two electromagnets 
or solenoids 134 and 135, and certain con 
tacts which are controlled thereby. - 
The other parts of the apparatus will be 

pointed out in tracing the various connect 
ing circuts and in describing the operation 
of the apparatus. 
The positive or -- main is connected by a 

conductor 118 with contact 118 in the 
switch, and through brush 113 and the con 
tact lever 112 with the other brushes. When 
an operator moves the handle 103 to the left 
the pin 111, engages the end of slot 110 as 
shown in Fig. 6, and causes the operating 

65 

lever and contact lever to be moved. The 
cam surfaces which we have pointed out on 
the controlling switch and the antifriction 

surfaces are so constructed and arranged 
that the actuating member and the contact 
lever will be moved from point to point dur 
ing their operation quickly without stop 
ping at intermediate points. The dash-pot 
and its connections are so made that the op 
erator will not be able to move the contact 
lever over to either side at a greater rate of 
speed than the movement of the piston 96 
will allow, but the dash-pot is so arranged 
that it will have no retarding effect upon the 
return movement of the parts of the switch. 
The first connection made by moving the 

contact lever to the left will be through 
contact 121, resistance 129, conductor 39, to 
and through the brake magnet 39 and back 
by conductor 136 to the negative main. A 
further movement of the contact lever will 
bring the brush 115 onto contact 122, there 
by cutting out half of the resistance 129 
from the brake magnet circuit. When the 
switch is moved over until the brush 115 is 
moved onto contact 123, all of the resistance 
will be eut out of this circuit and the brake 
magnet connected directly across the line. 
As soon as the brush 114 reaches the contact 
119, a circuit is closed thereby through con 
ductor 137, magnet 135 of the reversing 
switch, and through conductors 138 and 139 
to the negative main. The right-hand por 
tion of the reversing switch will then be 
closed and this will connect the motor arma 
ture leads 23 and 24 and its shunt-field leads 
25 and 26 with the main line in such a way 
that it will cause the motor to run in one di 
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rection. The brush 116 will then be moved 
onto one of the stationary contacts 124 which 
are connected together and to one of the 
terminals of winding 55 of the electromag 
netic clutch 50 by a conductor 124. The 
conductor 136 which is connected with the 
negative main is connected with the other 
terminal of this clutch winding, and to one 
of the terminals of the winding in all of 
the other clutches. The clutch 50 will then 
be energized and its driving member and 

O 

driven member brought together by the mag 
netism so that the movement which is im 
parted to the gear 52 from the motor 20 
through gears 28 and 41, countershaft 40, 
and the clutch, will be imparted to the trans 
mission shaft 30 through the gear 33 but at 

15 

a greatly reduced rate of speed. This is . 
because the gears are proportioned to pro 
duce this result. One or more graphite pen 
cils such as are shown at 53 may be provided 
to lubricate the friction surfaces between 
the driving and the driven members. A fur 
ther movement of the Switch to the left will 
cause the brush 116 to be moved onto one 
of the stationary contacts 125 which are 
connected together and to one of the ter 
minals of clutch 57 by a conductor 1254. 
The clutch 57 will then become energized 

20 

25 

rollers which are arranged to ride over these and the rotation of the motor will be im- 30 



mission shaft. 
5 

were controlled by the clutch 50. 

O 
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- 

parted to the transmission shaft 30 through 
gears 28 and 43, countershaft 42, clutch 57 
and its gear to the gear 33 upon the trans 

These gears are so propor 
tioned that they will cause the shaft 30 to 
be driven at a greater rate of speed than it 
was when driven through the gears which 

The 
switch is so arranged that when the brush 
116 is moved onto one of the contacts 125 it 
must first be moved off by contact 124, there 
by cutting off the source of supply to the 
clutch 50. We construct these clutches in 
such a manner that the residual magnetism 
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in clutch 50 will die out at the same time 
that the magnetism in clutch 57 is becoming 
built up, and by so proportioning the time 
element of these electromagnetic circuits, 
produce a steady torque upon the shaft 30 
and a smooth acceleration from a slower to 
a higher rate of speed. This may be done 
by constructing the magnetic circuits of the 
clutches with comparatively large solid 
masses of magnetic metal and with Small 
air-gaps. The quality of the illetal may also 
be selected to give the desired time constant 
or magnetic lag. The construction of the 
controlling switch which we have described 
somewhat in detail positively insures the 
desired disconnection and connection of the 
circuits in the manner just above described. 
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The operator may, in the same manner, move 
the brush 116 onto one of the contacts 126 to 
connect through conductors 126 and con 
ductor 136, the clutch 58. This will become 
energized while the clutch 57 is becoming 
deénergized and, through the gears which 
it controls, will drive the transmission shaft 
30 at a still greater rate of speed. When 
the brush 116 is moved onto one of the con 
tacts 127 it will, through conductor 127 and 
conductor 136, energize the clutch 59 to still 
further increase the speed at which the 
transmission shaft 30 is driven. When the 
controlling switch is moved into its extreme 
position, the brush 116 will rest upon one 
of the contacts 128 which, through conduc 
tor 128A and conductor 136, will energize 
the winding 167 of the clutch 60. This 
clutch is arranged to connect the motor shaft 
20 directly with the power transmission 
shaft 30 so that when clutch 60 is energized 
these two shafts will rotate together. 
The controlling switch may be moved 

back to cause the transmission shaft to be 
driven through any desired one of the 
clutches so as to make it run at different 
speeds, or all of the clutches may be cut off 
and the brake applied with more or less 
pressure by means of leaving more or less of 
the resistance 29 in circuit with its magnet. 
When the controlling switch lever is moved 
back to its central position, all of the 
clutches will be de3nergized and the brake 
will be applied so that the transmission 

944,40?' 

shaft will be brought to rest thereby. At 
the same time the current-through magnet. 
135 will be cut of so that the reversing 
switch will be open and will thereby cut off 
the motor from the source of power supply 70 
so that the motor will come to rest. If it is 
desired to cause the motor to rotate in the 
opposite direction the controller switch 
handle will be moved to the right. In this 
case all of the operations previously de 
scribed will be repeated, except that magnet 
134 of the reversing Switch will be energized 
instead of the magnet 135, and the left-hand. 
side of the reversing switch will be closed. 
This will connect the motor leads with the 
source of supply in such a way as to cause 
the motor to rotate in the opposite direction. 
The magnetic circuits of the clutches are 

designed to have a considerable time ele 
ment. The dash - pot in the controlling 
switch is so arranged that the switch cannot 
be moved from point to point faster than 
at a predetermined speed, and this speed is 
designed to correspond with the time ele 
ment of the clutches. The result is that as 
the clutches are successively energized, the 
magnetism of one dies out as that of the 
next one is built up and in the same propor 
tion. Consequently, the clutches tend to act 
against each other; there is no undue strain 
upon the gears which they control, and the 
acceleration of the driven shaft is smooth 
and uniform. Moreover, the manually op 
erated switch is so arranged that its brushes 
cannot remain at intermediate points, but 
when moved at all, must go completely off 
from one contact onto the next succeeding 
one. By this arrangement not more than 
one of the clutches can be connected with 
the energizing circuits at one time. a' 

In reversing the operation the clutches 
may be disconnected as slowly or as quickly 
as desired as the dash-pot has no retarding 
effect upon the return movement of the 
switch lever. All of the clutches may be de 
energized and the transmission shaft al 
lowed to continue this rotation by its own 
momentum or by some external force before. 
the brake is applied to stop it, and the brake 
may be gradually applied to bring the trans 
mission shaft to rest slowly. 

It is evident that our invention is capable 
of being worked out in many different ways 
than that which we have herein shown and 
described as an example. 
As the prime mover itself is controlled 

from the switch 90 through auxiliary de 
vices such as the reversing switch 133 or the 
fluid pressure turbine 80, it is evident that 
the controlling switch may be placed in any 
convenient location at any desired distance 
from the mechanisms which it controls. , 

In previous structures attempts have been 
made to destroy or counteract the effect of 
the magnetism remaining in the clutch mag 
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nets after the energizing current has been elements, each of which devices is arranged 
cut of from them rather than to utilize it as 
we do to obtain a smooth acceleration. In 
this respect we have taken a decided step in 
advance in this art and believe, therefore, 
that our clains are entitled to a broad in 
terpretation. 
What we claim is 
1. A driving shaft, a driven shaft, a plu 

rality of electromagnetic clutches arranged 
to connect said shafts and to control the 
speed of the driven shaft, each of said 
clutches having a magnetic time element. 
and means for successively energizing said 
clutches at periods proportional to their 
time element. 

2. A driving shaft, a driven shaft, a plu 
rality of electromagnetic clutches arranged 
to connect said shafts and to control the 
speed of the driven shaft, each of said 
clutches having a magnetic time element, 
manual means for successively energizing 
said clutbhes, and means for preventing 
such successive energization of the clutches 
being made at a rate more rapid than that 
proportional to said time element. 

3. A driving shaft, a driven shaft, and a 
plurality of electromagnetic clutches ar 
ranged to be successively energized to con 
nect said shafts, each of said clutches being 
of such a self-contained construction as to 
be gradually energized, and to be gradually 
deenergized while the next succeeding 
clutch is becoming energized, to thereby ob 
tain a gradual acceleration of the driven 
member. 

4. A driving shaft arranged to run at a 
constant speed, a transmission shaft ar 
ranged to be driven thereby at different 
Speeds, a plurality of connecting mech 
anisms between said shafts, and an electro 
magnetic clutch for each of said connecting 
mechanisms, each of the clutches being of 
Such a self-contained construction as to be 
gradually energized, and to be gradually de 
energized while the next succeeding clutch 
is becoming energized, to thereby obtain a 
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gradual acceleration of the driven shaft. 
5. A driving shaft, a motor arranged to 

rotate said driving shaft at a constant rate 
of speed, a driven shaft, and a plurality of electromagnetic deyices having magnetic 
time elements, each of said devices being ar 
ranged to cause the driven shaft to be con 
nected with the driving shaft and to be 
driven thereby at a different rate of speed; 
a manually operated circuit closer for said 
devices, and automatic means for control 
ling the operation of said circuit-closer to 
correspond with the time elements of said 
devices. 

6. A driving shaft, a motor arranged to 
rotate said driving shaft at a constant rate 
of speed, a driven shaft, a plurality of elec 
tromagnetic devices having magnetic time 

to cause the driven shaft to be connected 
with the driving shaft. and to be driven 

5 

thereby at a different rate of speed, a man 
uaily operated circuit-closer for said de 
vices, automatic means for controlling the 
operation of said circuit-closer to correspond 
with the time elements of said devices; and 
a brake for the driven shaft controlled from 
said circuit-closer. 

7. A driving shaft, a motor arranged to 
rotate said driving shaft at a constant rate 
of speed, a driven shaft, a plurality of pairs 
of speed reduction gears of dutierent ratios 
between said shaft, and an electromagnetic 
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80 
clutch for each pair of reduction gears, each, 
of said clutches being of such a self-con 
tained construction as to be gradually ener 
gized, and to be gradually deemergized 
while the next succeeding clutch is becom 
ing enelgized, to thereby obtain a gradual 
acceleration of the driven shaft. 

8. A driving shaft, a motor arranged to 
rotate said driving shaft at a constant rate 
of speed, a driven shaft, a plurality of pairs 
of speed reduction gears of different ratios 
between said shafts, an electromagnetic 
clutch for each pair of reduction gears, each 
of said clutches being arranged to be grad 
ually energized, and to be gradually deener 
gized while the next Succeeding clutch is 
becoming energized to thereby obtain a 
gradual acceleration of the driven shaft, 
and an electromagnetic clutch for directly 
coupling said shafts together. 

9. A driving shaft, a motor arranged to 
rotate said driving shaft at a constant rate 
of speed, a driven shaft, a plurality of pairs 
of speed reduction gears of different ratios 
between said shafts, an electromagnetic 
clutch for each pair of reduction gears, each 
of said clutches being arranged to be grad 
ually energized, and to be gradually de 
energized while the next succeeding clutch 
is becoming energized, to thereby obtain a 
gradual acceleration of the driven shaft, an 
electromagnetic clutch for directly coupling 
said shafts together, and an electromagnet 
ically actuated brake for the driven shaft. 

10. A driving shaft, a driven shaft, a plu 
rality of electromagnetic clutches having 
magnetic time elements, said clutches being 
arranged to connect said shaft and to con 
trol the speed of the driven shaft, manual 
means for controlling said clutches, and a 
retarding element for said controlling means 
arranged to control the movement of the 
controlling means in proportion to said 
magnetic time elements. 

11. A driving shaft, a driven shaft, a plu 
rality of electromagnetic clutches havin 
magnetic time elements, each of sai 
clutches being arranged, when energized, to 
connect said shaft, a manually operated 
switch for controlling said clutches to cause 
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them to be energized one at a time, and a 
retarding element for said switch arranged 

15 

to... control the movement of the switch in 
proportion to said magnetic time elements: 

12. Adriving shaft, a driven shaft, a plus 
rality of electromagnetic clutches arranged 
to be successively energized to connect said 
shafts, each of said clutches being of such a 
self-contained construction as to be grad ually energized, and to be gradually de 
energized while the next succeeding, clutch 
is becoming energized, to thereby obtain a 
gradual acceleration of the driving shaft, 
and a manually operated switch for con 
trolling said clutches to cause them to be energized one at a time. 
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13. A driving shaft arranged to run at a 
constant speed, a transmission shaft ar 
ranged to be driven thereby at different 
speeds, a plurality of connecting mechan 
isms between said shafts, and an electro 
magnetic clutch for each of Said connecting 
mechanisms, each of said clutches being of 
Such a self-contained construction as to be 
gradually energized, and to be gradually de 
energized while the next succeeding clutch 
is becoming energized, to thereby obtain a 
gradual acceleration of the driving shaft, 
and a manually operated switch for con 
trolling said clutches to cause them to be 
energized one at a time to obtain the desired 
speed of the driven shaft. 

14. A driving shaft, a motor arranged to 
rotate said driving shaft at a constant rate 
of Speed, a driven shaft, a plurality of pairs 
of speed reduction gears of different ratios 
between said shafts, an electromagnetic 
clutch for each pair of reduction gears, 
each of said clutches being of such a self 
contained construction as to be gradually tenergized, and to be gradually de?nergized 
while the next succeeding clutch is becom ing energized, to thereby obtain a gradual 
acceleration of the driven shaft, and a man ually operated switch for controlling the 
motor and the clutches to cause said clutches 
to be energized one at a time. 

15. A driving shaft, an electric motor ar 
ranged to rotate said driving shaft at a con 
stant rate of speed, a reversing switch for 
the motor, a driven shaft, a plurality of 
pairs of reduction gears of different ratios 
between said shafts, an electromagnetic 
clutch having a magnetic time element for 
each pair of reduction gears, a manually op 
erated Switch for controlling said clutches 
and causing them to be energized one at a 
time, and a retarding element for said switch 
arranged to control the movement of the 
switch in proportion to said magnetic time elements. 

16. A driving shaft, an electric motor ar 
ranged to rotate said driving shaft at a con 

65 stant rate of speed, a reversing switch for 
the motor, a driven shaft, a plurality of 
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pairs of reduction gears of different ratios. 
between said shafts, an electromagnetic 
clutch for each pair of reduction gears, said 
elutehes arranged to be gradually energized, 
and to be gradually debnergized when the 
next succeeding clutch is becoming ener 
gized to thereby obtain a gradual accelera 
tion of the driven shaft, an electromagnetic 
clutch for directly coupling the shafts to 
gether, and a manually operated switch for 
controlling said clutches and causing them 
to be energized one at a time. 

17. A driving shaft, a plurality of coun 
ter-shafts driven by said shaft, a driven 
shaft, a plurality of mechanisms arranged to 
connect the driven shaft with the counter 
shafts, and an electromagnetic clutch having 
a magnetic time element for each of said 
mechanisms, arranged to be energized one 
at a time at a rate proportional to said time 
elements to actuate said connecting mech 
anisms. 

18. A driving shaft, a plurality of count 
tershafts positively connected with and 
driven by said shaft, a driven shaft, a plurality of pairs of gears arranged to con 
nect the driven shaft with the countershafts, 
an electromagnetic clutch for each of Said 
pairs of gears, each clutch having a mag 
netic time element, said clutches being ar 
ranged to be energized one at a time at a 
rate proportional to said time elements to 
actuate the said connecting mechanism to 
drive the driven shaft and to Smoothly ac 
celerate the speed thereof, and an electro 
magnetic clutch for directly coupling the 
driving shaft and the driven staff, together. 

19. A driving shaft, a plurality of coun 
tershafts positively connected with and 
driven by said shaft at different rates of 
speed, a driven shaft in alinement with said driving shaft, a plurality of pairs of gears 
arranged to connect the driven shaft with 
the countershafts, an electromagnetic clutch 
for each of said pairs of gears arranged to 
be energized one at at time to actuate Said 
connecting mechanisms to drive the driven 
shaft at different rates of speed, each of Said 
clutches being arranged to be gradually ent 
ergized, and to be gradually denergized 
while the next succeeding clutch is becoming 
energized to thereby obtain a gradual ac 
celeration of the driven shaft, and an elec 
tromagnetic clutch for directly coupling the 
driving shaft and the driven shaft together. 

20. A driving shaft, a driven shaft, a 
plurality of electronagnetic clutches each 
arranged to connect said shafts, a control 
Iing switch for the clutches, said switch 
comprising a plurality of contacts, a con 
tact arm arranged to be moved successively 
at intervals from one to another of said con 
tacts, means for causing said movements to 
be rapid, and retarding means for increas 
ing the intervals between said movements. 
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21. A driving shaft, a driven shaft, a 
plurality of electromagnetic clutches each 
arranged to connect said shafts, a manually 
operated controlling, switch for the clutches, 
said switch comprising a plurality of con 
tacts, a contact arm arranged to be moved 
successively at intervals from one to another 
of said contacts, spring-pressed mechanism 
for causing said movements to be rapid, and 
a dash-pot for increasing the intervals be 
tween said movements. 

22. A driving shaft, a driven shaft, a 
plurality of electromagnetic clutches each 
arranged to connect said shafts, each of 
said clutches being arranged to be gradually 
energized at a desired interval of time, and 
to be gradually deenergized when the next 
succeeding clutch is becoming energized 
thereby to obtain a gradual acceleration of 
the driven shaft, a manually operated con 
trolling switch for the clutches, said switch. comprising a plurality of contacts, a contact 
arm arranged to be moved successively at 
intervals from one to another of said con 
tacts, a spring-pressed mechanism for caus 
ing said movements to be rapid, and a dash 
pot for increasing the intervals between said 
movements, said intervals being timed to 
correspond with the time required to ener 
gize and deenergize the clutches. 

23. A driving shaft arranged to run at a 
constant speed, a transmission shaft ar 
ranged to be driven thereby at different 
speeds, a plurality of connecting mech 
anisms between said shafts, an electromag 
netic clutch for each of said connecting 
mechanisms, each of said clutches being ar 
ranged to be gradually energized, and to he 
gradually deemergized while the next suc 
ceeding clutch is becoming energized to 
thereby obtain a gradual acceleration of the 
driven shaft, an electromagnetically actuat 
ed brake for the driven shaft, and a manu 
ally operated switch for controlling said 
clutches to cause them to be energized one 
at a time to obtain the desired speed of the 
driven shaft, and to independently actuate 
the brake. 

24. A plurality of electromagnetic 
clutches each having a fixed magnetic time 
element, a manually operated switch for 
controlling said clutches, said Switch com 
prising a plurality of contacts, a contact 
arm arranged to be moved at intervals from 
one to another of said contacts, means for 
causing said movements to be rapid and re 
tarding means for rendering the intervals 
between said movements proportional to the 
time elements of the clutches. 

25. A power transmission device compris 
ing a plurality of electromagnetic clutches, 
said clutches being constructed to have a 
magnetic time element, controlling means 
for said clutches coöperating with the 
clutches in proportion to said time elements 
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whereby a gradual change of speed is ef 
fected. 

26. A driving shaft arranged to run at a 
substantially constant rate of speed, a 
driven shaft, a plurality of electromagnetic 
clutches each having a fixed magnetic time 
element, each of said clutches being ar 
ranged to connect said shafts in different 

70 

mechanical relations, a manually operated 
switch for controlling said clutches, said 
switch comprising a plurality of contacts, a 
contact arm arranged to be moved at inter 
vals from one to another of said contacts, 
means for causing said movements to be 
rapid, retarding means for rendering the in 
terval between said movements proportional 
to the time elements of the clutches whereby 
a gradual acceleration of the driven shaft is 
effected. 

27. A prime mover, a starting device 
therefor, a driven member, a plurality of 
electromagnetic clutches each having a fixed 
magnetic time element, said clutches being 
arranged to connect the prime mover and 
the driven member together in different 
mechanical relations, a manually operated 
switch for controlling the starting device 
and said clutches, said switch comprising a 
plurality of contacts, a contact arm ar 
ranged to be moved at intervals from one to 
another of said contacts, means for causing 
said movements to be rapid, and retarding 
means for rendering the intervals between 
said movements proportional to the time 
elements of the clutches. 

28. A prime mover, a starting device 
therefor, a driven member, a brake for said member, a plurality of electromagnetic 
clutches each having a fixed magnetic time 
element, said clutches being arranged to 
connect the prime mover and the driven 
member together in different mechanical re 
lations, a manually operated Switch for con 
trolling the starting device the brake and 
the clutches, said switch comprising a plu 
rality of contacts, a contact arm arranged 
to be moved at intervals from one to an 
other of said contacts, means for causing 
said movements to be rapid, and retarding 
means for rendering the intervals between 
said movements proportional to the time 
elements of the clutches. 

29. A prime mover, an electromagnetically 
controlled starting device for starting said 
prime mover in either direction, a driven 
member, a brake for said member, means for applying and releasing said brake gradually, 
a plurality of electromagnetic clutches each 
having a fixed magnetic time element, said 
clutches being arranged to connect the prime 
mover and the driven member together in 
different mechanical relations, a manually 
operated switch for controlling the starting 
device, the brake and the clutches, said switch comprising a plurality of contacts, a 
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contact arm arranged to be moved at inter 
vals from one to another of said contacts, 
means for causing said movements to be rapid, and retarding means for rendering 
the intervals between said movements pro 
portional to the time elements of the clutches 
whereby a gradual change of speed of the 
driven member is effected. 

30. A prime mover, an electromagnetically 
controlled reversible starting device there 
for, a driven member, a brake for said mem 
ber, a plurality of clutches arranged to con 
nect the prime mover and the driven member 
together in different mechanical relations, a 
manually operated switch at a point re 
moved from the driven member, and elec 
trical circuits between the switch and the 
starting device, brake and clutches whereby 
the starting and the stopping of the prime 
mover and the starting, and stopping and 
the speed of the driven member may be con 
trolled from said switch. 
31. A plurality of electromagnetic switches, 

a controlling switch therefor, said switch 
comprising a manually operated lever, a re 
tarding device therefor, a switch-arm, a lost 
motion connection between said lever and 
the Switch-arm, and a plurality of contacts; 
circfits between the clutches and the con 
tacts, said Switch-arm being arranged to be 
moved quickly from one to another of said 
contacts to consecutively energize the 
clutches. 

32. A plurality of electromagnetic clutches. 
each having a fixed magnetic time element, a 
controlling switch for said clutches, said 
Switch comprising a manually operated le 
ver, a holding device therefor, a retarding 
device connected with said lever, a switch 
arm, a holding device for the switch-arm, a 
lost motion connection between said lever 
and the Switch-arm, and a plurality of con 
tacts; circuits between the clutches and the 
contacts, said switch-arm being arranged to 
be moved quickly from one to another of 
said circuits to consecutively energize the 
clutches, and the retarding device being ar 
ranged to prevent the periods between said 
movements of the Switch-arm being less than 
the time constants of the clutches. 

33. A prime mover, an electromagnetically 
controlled starting device therefor, a driven 
member, a plurality of electromagnetic 
clutches, each having a fixed magnetic time 
element, said clutches being arranged to con 
nect the prime mover and the driven mem 
ber together in different mechanical rela 
tions, a reversible controlling switch for the 
comprising a manually operated lever, means 
for locking said lever in its central position, 
a holding device for the lever, a retarding 
device connected with said lever, a switch 
arm, a holding device for the switch-arm, 
a lost motion connection between said lever 
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and the switch-arm, and a plurality of con 
tacts; circuits between the clutches and the contacts, said switch-arm being arranged to 
be moved quickly from one to another of 
said contacts to consecutively energize the 
clutches, and the retarding device being ar. 
ranged to prevent the periods between said 
movements of the Switch-arm being less than 
the time constants of the clutches. 

34. A prime mover, a driven member, a 
plurality of clutches constructed to have a 
desired magnetic lag through which clutches 
the power of the prime mover may be trans 
mitted to the driven member at different 
speeds, and a manually operated controller 
for the clutches, mechanical means in the 
controller acting in conjunction with the 
magnetic lag in the clutches whereby changes 
in the speed of the driven member may be 
made smoothly. 

35. A prime mover, a driven member, a 
plurality of clutches constructed to have a 
desired magnetic lag, through which clutches 
the power of the prime mover may be trans 
mitted to the driven member at different 
speeds, a manually operated controller for 
the clutches, mechanical means in the con 
troller acting in conjunction with the mag 
netic lag in the clutches, whereby changes in 
the speed of the driven member may be 
made Smoothly, and lubricating means in 
the clutches. 

36. A power transmission device compris 
ing a plurality of electromagnetic clutches, 
a circuit closer for said clutches, and mech 
anism for controlling the movement of the 
circuit closer in steps at timed intervals to 
obtain successive energization of the clutches, 
whereby a gradual change of speed is ef 
fected. 

37. A power transmission device compris 
ing a plurality of electromagnetic clutches, 
a manually operated circuit closer for said 
clutches, and mechanism for automatically 
controlling the movement of the circuit 
closer in steps at timed intervals to obtain 
Successive energization of the clutches, 
whereby a gradual change of speed is ef 
fected. 

38. A power transmission device compris 
ing a plurality of electromagnetic clutches, 
a manually operated controller therefor, said 
controller comprising a circuit closer ar 
ranged to be moved in a plurality of steps, 
and mechanism for automatically insuring 
the positive action of said step-by-step move 
ment at timed intervals. 

39. A power transmission device compris 
ing a plurality of electromagnetic clutches, 
an electromagnetically controlled brake for 
said device, a circuit closer for said clutches 
and brake, and mechanism for controlling 
the movement of the circuit closer in timed 
intervals to obtain successive energization 
of the clutches and the brake. 
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40. A power transmission device compris 
ing a plurality of electromagnetic clutches, 
an electromagnetically controlled brake for 
said device, a circuit closer for said clutches 
and brake, and mechanism for controlling 
the movement of the circuit closer in timed 
intervals to obtain successive energization of 
the clutches and to gradually release or ap 
ply the brake. 

41. A power transmission device compris 
ing a prime mover, a plurality of electro 
magnetic clutches, a manually operated con 
troller therefor, said controller comprising 
a circuit closer arranged to be moved in a 
plurality of steps, mechanism for automat 
ically insuring the positive action of said 
step-by-step movement at timed intervals, 
and means actuated by said controller for 

20 
starting the prime mover in either direction. 

42. A power transmision device compris ing a prime mover, an electromagnetically 
actuated brake, and a plurality of electro 

magnetic clutches; a reversible starting de 
vice for the prime mover, connections be 
tween said starting device and the prime 
mover, a manually operated controller com 
prising a circuit closer arranged to be moved 
in a plurality of steps, and mechanism for 
automatically insuring the positive action of 
said step-by-step movement of the circuit 
closer at timed intervals; and a wiring sys 
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tem, said controller being arranged to cause 
the prime mover to be started in either di 
rection to gradually actuate the brake and to 
successively energize the clutches, whereby a 
gradual change of speed is effected. 

In testimony whereof we have signed our 
respective names to this specification in the 
presence of two subscribing witnesses. 

CHARLES O. PEARSON. 
AUGUST SUNDH. 

Witnesses: 
ERNEST W. MARSHALL, 
ELLA TUCH. 
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