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To all whom it may concern: 
Beit known that I, AUGUST SUNDH, a 

citizen of the United States, residing in 
Yonkers, in the county of Westchester and 

5 State of New York, have invented a new 
and useful Improvement in Uniform-Move 
ment Devices, of which the following is a 
specification. . . . 
My invention relates to electromagnetic 

10 apparatus, and has for an object the provi 
sion of means whereby the load upon an 
electromagnet is varied in proportion to the 
pull of said magnet. . 
A further object is to provide means 

15 whereby a smaller magnet may be used to 
perform a given duty, than with the usual 
construction. . - 

Other objects will appear more fully 
hereinafter, the novel combinations of ele 

20 ments being set forth in the claims hereunto 
annexed... . . . 
In electrical apparatus in which electro 

magnets are employed to do useful work it 
is customary to use one or more magnets of 

25 comparatively large size and of consider 
able magnetizing power, for, not only does 
the pull of a magnet vary for different posi 
tions of its core depending largely upon its 
design, but usually such magnet has to 

50 overcome the static friction of its load when 
in its most inefficient or weakest position. 
For these and other reasons such magnet 
must be made sufficiently powerful to do 
its greatest duty when in its most inefficient 

35 position. Furthermore, such a magnet must 
necessarily be of relatively large size and 
consume much current. , 

In order to economize in electric current 
as much as possible it is customary to re 

40 duce the current flowing in said magnet 
after the same has done its work by in 
serting a resistance element in series with 
the magnet winding. By utilizing a sys 
tem of leverage I am enabled to employ a 

45 magnet of relatively small size and having 
a minimum current consumption. 

Referring to the accompanying drawing 
Figure 1 is a diagrammatic representation 
in side elevation of an electromagnetic ap *50 paratus made according to my invention and 
applied to an electrically actuated motor 
starting rheostator resistance - varying de 
vice; Fig.2 shows a modification of my in 
vention, applied in this case to lift a weight, 

5 and Fig. 3 is a further: modifieation of my 

irollers 21. 

invention applied to an electrically actuated 
brake. 

Like characters of reference denote cor responding parts in all of the figures. 
Referring to Fig. 1, 10 designates an elec- 60 

tromagnet which comprises a frame 11 with 
a pole piece 12, and a winding or solenoid 
13, which when energized will lift a core or 
armature 14. This core 14 is connected by 
a rod 5 to a rack 16 guided in its movement 65 by an anti-friction roller 21 and meshing 
with a segmental gear 17 which is pivoted 
at 18. A roller 19 is carried upon the gear. 
17 and is normally in vertical alinement 
with the pivot 18 and is arranged to travel 70 
in a slot 20 provided in the vertical bar or 
rod 23. This bar is suitably guided by roll 
ers 21 and carries at its lower end insulated 
therefrom, a sliding contact 24, which is ar ranged to slide over and electrically engage 75 
a contact strip 25 and a series of contacts 26. 
27 is a sectional resistance normally in 

series with the armature of an electric mo 
: tor. 28. While 29 represents the shunt field 
windings, and 30 designates a manually op- 80 
erated circuit closing switch connected to 
the current supply mains. 

Before describing the construction illus 
trated in the other figures, I will point out 
the operation of the apparatus above de- 85 
scribed. . . 
Upon closing the main line. Switch 30 a 

circuit is closed through the resistance 27 
and the armature 28 of the motor and also 
to the shunt field winding 29. The motor 90 
will now start, its current being limited by 
the starting resistance 27. The switch 30 
also closes a circuit through the winding 13 
of the magnet 10 and the same is energized 
to lift the core 14 and its connected rack 16.9 
As the rack 16 moves upwardly the seg 
mental gear 17 is turned about its pivot 18 
causing the roller 19 to move in a right hand 
direction in the slot 20 and at the same time moving the arm 23 upwardly guided by the '09 

As the arm moves upwardly 
the sliding contact 24 moves over the con 
tact 25 and 26 thereby cutting out of the 
motor armature circuit the starting resist ance 27 in successive steps, permitting the 
motor to accelerate to full speed, the slid 
ing contact. 25 finally coming to rest on the 
top contact 26 at which time the magnet 
core 14 has reached its uppermost position 
and is substantially in contact with the pole. 
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piece 12. The upward movement of the core 
14 is opposed by gravity acting upon the 
various parts connected therewith, through 
the mechanical connections above described. 
The load upon the core 14 when in the posi 
tion shown on the drawing is a minimum 
because the weight of the bar 23 is carried 
by the roller 19 on the segmental gear 17, 
and since the roiler 19 is in vertical aline 
ment with the pivot 18 the latter supports 
the entire weight of the bar 23 and the 
greater portion of the weight of the segmen 
tal gear i7. As the core 14 and rack 16 
move upwardly however, a portion of the 
Weight of the gear 17 is gradually trans 
ferred from the pivot 18 to the rack 16 while 
at the same time a portion of the weight of 
the bar 23 is also gradually transferred 
from the pivot 18 to the rack 16 as the roller 
19 carries the bar 23 upwardly. 
Where a magnetic circuit includes an air 

gap the electrical energy necessary to force 
the required magnetic lines through such 
circuit is greatly in excess of the energy re 
quired to force the same number of lines 
through the same magnetic circuit in which 
there is little or no air gap. Now, since the 
electrical energy supplied to the magnet 10 
depends upon the resistance of its winding 
and the pressure of the electrical supply 
mains, and these two elements are constant, 
it follows that the number of available mag 
netic lines produced in the magnetic circuit 
of the magnet 10 depends upon the air gap 
between the pole piece 12 and the core 14. 
As the core moves upwardly this air gap is 
lessened and the number of available mag 
netic lines increases and continues to in 
crease until the core 14 finally reaches the 
pole piece 12 at which time the circuit con 
tains a maximum amount of lines and the 
upward pull upon the core 14 is greatest. 
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While the magnetic pull on the core is not 
inversely proportional to the length of air 
gap in every type of magnet, in the magnet 
illustrated in Figs. 1 and 2, the pull on the 
core is substantially in inverse proportion to 
the length of air gap for all positions within 
the limit of practical working. 
From the foregoing it is seen that the far 

ther the core 14 moves into the solenoid 
winding 11 the greater its upward pull be 
comes, while the load upon the magnet core 
is at first a minimum and gradually in 
creases to a maximum as the core is drawn 
upwardly, and the various parts are so de 
signed that the relation between the load 
and the magnetic pull upon the magnet 
core is substantially constant. By this ar 
rangement of parts I am enabled to use a 
much smaller magnet than is generally used 
to perform the same duty, and the electrical 
e' ('gy consumed by said magnet is reduced 
to a minimum, making it unnecessary to em 
loy any resistance element to cut down the 
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current flow after the magnet has done it 
work. 

In Fig. 2 the rack 16 connected to the 
magnet armature 14 meshes with a gear 17' 
carried upon a shaft 22 free to turn in bear 
ings 32. A relatively large gear 3 is also 
carried upon this same shaft and meshes 
with a smaller gear 33 which is rigidly coil 
nected to a shaft 38 turning in the bearings 
35. A spirally grooved hoisting drum 34 
frusto-conical in shape or of constantly in 
creasing diameter, is firmly fixed upon this 
shaft, 38 and is driven by the magnet core 
14 through the train of multiplying gearing 
just pointed out. A cord or other flexible 
means 36 is fastened to the drum 34 at its 
smallest diameter and has connected to it 2. 
weight 37. Since the weight 37 is connected 
to the drum 34 at its smallest diameter when 
in the position shown, corresponding to the 
deénergized position of the magnet 30, the 
effort required to turn the drum and thereby 
lift the weight 37 is relatively smal!. As 
soon, however, as the magnet 0 is evergized 
and the core 14 is drawn upwardly with con 
stantly increasing power, the drum 34 is 
rotated through the train of multiplying 
gearing so as to wind up the cord 37 2nd 
as the cord is wound up the same travels 
lengthwise of the drum or from a miniirtuin 
diameter to a maximum diameter. The ef 
fort or torque necessary to rotate the drii in 
34 and its connected load here represented 
by the weight 37 is proportional to the vary 
ing diameter of the drum for different posi 
tions of the cord thereon, neglecting friction 
losses, and the taper of this draim is so pro 
portioned that the varying torque or turn. 
ing effort required to lift the weight for dif 
ferent positions of the cord on the drum is 
proportional to the varying pull of the mag 
net 10 upon its core. 

Fig. 3 illustrates the application of my in 
vention to a magnetic brake apparatus, in 
which 10 is the operating magnet, 13 the 
magnet coil, and 14 a movable armature. 
This armature is connected by a rod 15 to 
a segmental gear 40 pivoted at 39 and mesh 
ing with a small gear 41 pivoted at 43. The 
gear 41 is connected to a lever arm 42 which 15 
in turn is connected to a rod 44, upon which 
is secured a weight 45. The rod 44 is con 
nected at 46 to a brake lever 47 to which is 
fastened in a well-known way brake bands 48 and 49 adapted to manually engage a 20 
friction pulley 50. These brake bands are 
caused to grip the friction pulley 50 by the 
weight 45 bearing down upon the lever 47, 
and the same are released by means of the 
magnet 10’ acting through the amature 14 

intermediate mechanical connections. 
as soon as the magnet 10 is energized 

to inose the armature to the left, the gear 40 
rotates the gear 41 and lever 42 in a clock 
wise direction. The weight 45 is thereby 30 
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lifted and the brake bands released from en 
gagement with the brake pulley. 50 and the 
latter is free to turn. The effort of power 
required to rotate the lever 42 varies as the 5 same changes its position about its pivot,43, 
and this effort is at a minimum when in the position shown and constantly increases as 
the lever is moved in a direction to release 
the brake bands. The pull upon the magnet 

10 armature 14 is also at a minimum when in 
the position shown and this pull increases as the same approaches the magnet polepieces. 
Thus it is seen that by properly proportion 
ing the various parts, the load or power re 

15 quired to operate the brake apparatus may 
be substantially proportional to the pull of 
the armature 14. . . . 
I have shown that this invention is appli 

cable to 'several forms of apparatus, but it 
20 is by no means linited to those herein de scribed. The weight designated by 37 in 

Fig. 2 represents a load of any kind and the 
cord 36 could just as well be connected to 
any desirable.mechanism wherein mechani 

25 call work is to be accomplished. The same 
is true is to the construction shown in the 
other figures. The particular apparatus 
shown is for purposes of illustration merely, 

80 ous embodiments which will readily suggest 
themselves to those skilled in the art. 
Therefore it should be understood that I do 
not wish to be limited to the precise con 
struction and arrangement of parts as shown 
since many and various changes could be 
made without departing from the spirit and 
scope of my invention. . . . . 
What I claim is:- 
1. The combination with a magnet and its 

armature, of a load device, and mechanical 
means to vary the effective power applied 
to said device to correspond with the rela 
tive positions of the magnet and armature, 
the extent of said variation being substan 
tially proportional to the variations in the 
magnetic pull on the armature in such po 
sitions. ... 

S5 

40 

45 

its armature, of mechanism operated by said 
armature, and means for connecting the 
armature and said mechanism with a lever 
age varying with the position of the arma 
ture and substantially in proportion to the 
variation in the magnetic pull on the arma 

55 ture. - . . 
3. The combination with a magnet and 

its armature, of mechanism to be operated 
thereby, and connections between said anech 
anism and armature for increasing the rela 
tive speed of said mechanism as the arma 
ture approaches its magnet, said relative in crease in speed being substantially in the 
same ratio as the increase in the magnetic 
pull on the armature. . 

. 4. The combination with a magnet and 

producing 
said device. 

and load device for so movi 

of mechanism operated by said armature, 

as my invention is capable of wide and vari 

2. The combination with a magnet 

g 

its armature attracted by the magnet with a 
force varying with the position of the arma 
ture, of a load device, and connections-be 
tween the armature and load device for a substantially constant pull on 70 

5. The combination with a magnet and an 
armature movable toward the magnet under 
a constantly increasing pull, of a load de-, 
vice and connections between the armature 

- - - ng said device 
that its speed relative to that of the arma ture is stubstantially proportional to the pull 
on the armature. 

6. The combination with a magnet and 
its armature, said magnet being constructed 
to exert a pull on the armature varying with 
its position of a load device, and mechani 
cal means for converting the varying mag 
netic pull to a substantially constant pull on 
the load device. ... " : . v 

7. The combination with a magnet and 
an armature movable toward the magnet 
under a constantly varying magnetic pull, 

80 
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and connections between the armature and said mechanism having a leverage varying 
with the position of the armature and in 
Eportion to the variation of the magnetic 
ll. " . 

p 8. The combination with a magnet and its 
arnature, of a load device and means be 
tween the armature and said device for so 
moving the latter that its speed relative to 
that of the armature is substantially propor- 100 
tional to the increased pull exerted by the 
magnet on its armature. 

9. The combination with an electromag 
netic coil and a core movable into the coil, under a constantly increasing magnetic pull, 105 
of a load device and connections between the 
core and load device for converting the va 
riable pull on the core into a substantially 
constant pull on the load device. 

10. The combination with an electromag- 110 
net and its armature, of a pivoted men 
ber connected to the armature for an 
gular movement a second member having a 
sliding connection with the pivoted member, 
and means guiding the said second member 
and confining it to linear movement. 

11. The combination with an electromag 
net and its armature, of a pivoted member 
connected to the armature for movement through an angle proportional to the moye. * 
ment of the armature, a second member 
connected to the pivoted member for linear movement substantially proportional to the 
versed sine of the angle through which the 
pivoted member moves. 

12. The combination with an electromag 
net and its armature, of a rack bar carried 
by the armature, a pivoted member having 
gear teeth meshing with the rack bar, a load 
carrying device, means for guiding said 

95 
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load carrying device, and limiting it to a 
*straight line movement, and a slot and pin 
: connection between the said pivoted member 
and the load carrying device. . . . . . . . . 

5 - 13. The combination with an electromag 
netic coil, means for supplying the coil with 
electric current, and a coremovable into the coil under a constantly increasing magnetic 
pull of a rack connected to the core, a 

10. toothed quadrant meshing with the rack, a 
load carrying member parallel with the rack, 

- member in its linear movement. ... 

994,213. 
a transverse slot in said member, a. guide 
roller carried by the quadrant and engag. 
ing said, slot, and means for guiding said 5. . 
... In testimony whereof, I have signed my 
name to this specification in the presence of 
two subscribing witnesses. . . . . . . . . . 
. . . . . . . . . . AUGUST SUNDH. - 

Witnesses:. . . . . . . . 
. M. Nissen, ..CHAs. 

... DAVIDLARSON. 


