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The present invention relates to mecha-
nisms for operating or manipulating a large
and heavy or frictionally retarded body by
meghanical power and in such manner that

5 the body moves at all times in close sympathy
with a control device, which device is in it-
self capable of developing only a very sinall
portion of the power required for the actual
movement or manipulation of such body.

Tt has heretofore been suggested that
bodies of great size or weight, or which are
strongly retarded frictionally, may be auto-
matically moved to correspond with the
movements of a control device, such mecha-
15 nisms including means for taking power from

a suitable power source under the control of

the control device. It has been found how-
ever that, in the operation of each such ap-
pliance of the prior art, there was either an
20 objectionable time lag or an objectionable
space lag, or both, between the control device
and the body or mechanism being operated.

Efforts to eliminate such undesirable lagging

have not met with success, or at most, with
25 only limited success, and it has generally
been the result that, where such an attempt
has been made, the apparatus has been ren-
dered much more complex in structure and
correspondingly less reliable in operation.

The object of the invention is to provide a
means for effecting and controlling the move-
ments of a heavy body or instrumentality. or
body acted upon by extraneous forces, by two
motors, a power motor and a control motor,
35 the former supplying the principal portion

of the power to effect such movement and the

latter controlling the extent of such move-

ment, in such manner that the body moves at

all times in close sympathy with the control
4 motor, and having for every position ‘of the
control motor a corresponding unique posi-
tion of the body. This correspondence of po-
sition of the control motor and body I have
here designated as a syntactic relationship.

A problerm, the solution of which has been
many times attempted in-the past without
success, is that of gun control from-a distant.
point.  The difficalty of this ploblem arises
from the fact that the gun must be pointed
v6 speedily and with the greatest accuracy, and
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79,956, Divided and this application filed Tuly 20,
No. 379,815, )

the telemetric means by which the gun con-
trol data is transmitted from observers to a
receiving station is in itself entirely too wealk
to actually effect training of a gun. For this
reason it has always been found necessary, up
to this time, to employ a human link between
the telemetric receiver and the gun to be di-
rected. By means of an apparatus construct-
ed in accordance with my present invention
however, this human link may be entirely
eliminated and the gun trained, quickly ana
acctirately, by means operable from a distant
point, notwithstanding the fact that the gun
may be of great weight and the frictional
forces opposing movement of considerable
magnitude.

The telemetric receiver commonly em-.
ployed in gun control apparatus is capable of
delivering a very small torque, for instance
a torque of 4y inch-ounce, without destroying
its accuracy. A gun may require for in-
stance a torque of 5 pound-feet to rotate or
clevate it. The torque required to manipu-
late the gun therefore, is some 10.000 times
greater than the maximum torque which may
be delivered by the telemetric recelving appa-
ratus and it is apparent that means must be
interposed between the telemetric receiving
apparatus and the gun to step-up the negli-
gible power output of the telemetric receiving
apparatus if the gun is to be automatically.
controlled thereby.

By utilizing a mechanism constructed in
accordance with the principles of this inven-
tion, which mechanism is hereinafter desig-
nated a “synchronous amplifying control
mechanism?, it is entirely feasible to manip-
ulate the gun directly and automatically
from the telémetric receiving apparatus and
without the interposition of the human link
that has been heretofore found necessary to
supply the requisite power. A mechanism for
accomplishing this function is illustrated in
the accompanying drawings and will be here-
inafter described in detail. . ‘

The improved synchronous amplifying
control mechanism is adapted for many uses
and to the solution of various problems
throughout the mechanical arts. It is there-
fore contemplated that the design and ar-
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‘small power of the control

rangement of the component elements of the
mechanism may be modified to suit conditions

and that also the ratio of power amplification .

from the automatic or other control motor to
the work member which performs the ulti-
mate désired operation, may be changed with-

“in a wide range in developing mechanisms for
* the manipulation of bodies and mechanisms

of different weights and characters, _
For the purpose of amplifying the very
motor to such de-
gree that the particular object to be manip-
ulated may Dbe freely moved I employ a
mechanism which T designate a “servo-mech-
anism” and which may be of the type disclosed
in my co-pending application Serial 7 9,956,
filed January 8, 1926, of which the present ap-

* plication is a division, or of the type disclosed

_ the combination, with a

30

85

- out loss of accuracy. 7 st
-however the control mechanism may include

50

. ping friction bands,
of performing the

in my co-pending application Serial 5,327,

filed January 28, 1995. - The servo-mecha- -

nisms disclosed and claimed in my co-pend-
ing application are of general utility and
adapted for wide use with various types and
classes of machines,
adapted to be either- .
by some mechanical or electrical device. The
present invention comprehends specifically
control motor of great
delicacy and negligible power consumption,
of a servo-mechanism of great power ampli-
fication, by means of which a very large or
heavy body
bears at all times, and in all of its positions, a
syntactic relationship to the movable element,
of the control motor, and without at the same
time destroying the accuracy of the control
motor by imposing
The invention contemplates particularly a
servo-mechanism which employs “wrapping
friction” bands to take power from a power
driven rotatory member to step-up the power
of the control motor, since by means of such
elements great amplification may be had with-
In certain instances

servo-mechanisins which do not utilize wrap-
and yet be quite capable
required functions. In
every .case however the servo-mechanism is
of the friction type,
power frictionally from the power source by
friction members, and in every instance there
is substantially constant contact between the

' power driven member or members and the

56

" to those
. motor.

friction means which takes therefrom, it be-

ing the function of the control motor to modi-

fy the intensity of this constant frictional en-

. gagement of the friction surfaces, so that an

amount of power is transmitted to the mem-
ber being manipulated which is justsufficient
to effect its movements in proper relationship
of the control element of the control

In the. accompanying dré,w_in s several
forms of the synchronous ampli ying: con-

may be so manipulated that, it .

thereon an excessive load. -

1. e., is designed to take.

1,751,653
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ample. .

In the drawings:

Figure 1is a rather diagrammatic illustra-

tion of the synchronous amplifying control

mechanism as applied to a pivotally mounted

gun; . .

Figure 2 is an axial section through the
servo-mechanism shown in Fig. 1, the section

- being taken on line 2—32 of Figure 4;

trol mechanism are illustrated, by way of ex-

70

(3

Figure'8 is a similar view, the section be-

ing taken on line 3—3 of Fig. 4; :
Figure 4 is a transverse section through the
servo-mechanism, the section being taken on
line 4—4 of Fig. 3; ,
. Figure 5is a fragmentary section taken on
line 5—35 of Fig. 3; ' o
Figure 6 is an elevation of a portion of the
mechanism ;” A -
Figure 7is a diagrammatic view of a syn-
chronous amplifying control mechanism
which is designed particularly for the con-

! trol of valves, dampers or the like in accord-

Figure 8 is an axial

section through a sec-
ond

form of servo-mechanism well adapted

power consumption; .

8G

“for use as an element. of the improved syn-

chronous amplifying control mechanism ;
igure 9 is also an axial section there-
through, but taken in s different plane;
Figure 10 is a transverse section, taken on
line 10—10 of Figure 9; '
. Figure 1Tis also a transverse section, taken
on line 11—11 of Figure 9; and .
‘Figure 12is a perspective view of a detail.
A mechanism of very simple type for autc-
matically elevating a gun and depressing the
same from a distant point is illustrated in
Fig. 1. The gun is indicated .at 10 and is
mounted to rotate in a vertical plane about
horizontal trunnions, one of which is. indi-
cated at 11: Rigid with the gun is a toothed
segment 12, the teeth of which mesh with
those of an operating pinion.13 mounted to
rotate about a fixed axis.
13 is a worm wheel 14 which meshes with a
worm 15 on the end of the work member 1§
of a servo-mechanism of the two-drum type,
such for instance as illustrated in Figures 2,
3,4, 5 and 6 of the drawings. The worm and
worm wheel constitute an irreversible gear-
-ing, the gun being locked in any position into
which it may be ‘adjusted in” such manner
that it cannot communicate a turning force
- to the work shaft 16. .

The drums of this servo-mechanism are ro-
tated rapidly in opposite directions by a pow-
or motor 17. The control element 18 of the
servo-mechanisth is rigidly connected to the
-rotor of the receiving motor 19 of an alter-
nating current data transmission system, mo-
tor 19 being connected by suitable electrical
conduits 20 to a second similarly constructed
transmitting motor 19’ positioned at a dis.

Rigid with pinion.
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tant point, as in the plotting room of a fire
control station. The rotor of motor 19 nor-
mally carries a pointer or indicating member
but in this case it is removed and the rotor
connected directly, or through a suitable cou-
pling, to the control element of the servo-
mechanism. Movement of the rotor of motor
19’ results in synchronous movements of the
rotor of motor 19 and hence of synchronous
movement of the control element 18 of the
servo-mechanism. Movement of the work

‘member 16 of this servo-mechanism is syn-

chronous with the movement of its control
element 18 and, since the work member is
capable of developing many times as much
power as has been imparted to the control
element (and the mechanism will be designed
in every case to furnish an ample amount of
power for the purpose intended), the gun
may be freely elevated or depressed.

It the gun 1s of large size, the servo-mecha-
nism may amplify the pewer of the recelving
motor 10,000 times or more and for such large
power amplification, a servo-mechanism hav-

ing a plurality of stages of am Hhlification may .
fan . b

o utilized, such for instance as that disclosed
in Figures 2 to 6. This servo-mechanism will
now be described in detail.

The drums 21 and 22 of this servo-mecha-
nism are rotatably mounted upon the work
shaft 16, which shaft is supported in bear-
ings 28. The drums are provided with in-
ternal hubs, the outer surface of one of which,
i. e., the outer surface of the hub 24 of drum
91, constitutes a cylindrical friction face,
The bands 25 and 26 have their control ends
C looped around co-axial pins 27 which are
positioned at the outer ends of arms 28, the
hner ends of these arms being non-rotatably
“aenred upon a rocker shaft £9. This short
shaft is rotatably mounted in-aligned bear-

ings in the channel shaped projection 30 of

o web 31 which is integral with or keyed

to the work shaft. :

The power end P of band 25 is secured to a
radially extending arm 32 which is integral
with web 31 while the power end P of band
96 is secured to the outer end of a lever 33
pivoted at 34 to a short projecting portion
of web 31. The inner end of lever 33 is pro-
vided with a toothed segmental portion 35
the teeth of which mesh with the teeth of a
pinion 36 integral with the sleeve 87 which
clogely fits within the hollowed-out work
shaft 16. At its outer end sleeve 37 is pro-
vided with a worm wheel 40, the teeth of
which mesh with a worm 41 rotatably jour-

naled in lugs 42 formed on the periphery of a

dick 43 integral with the work shaft. Rota-
“ion of the worm therefore results in rota-
tion of sleeve 87 and pinion 36, resulting in
movement of lever 33 and hence in contrac-
tion or expansion of band 26. .
The control ends of the bands are manipi-

§5"N\eted by rocking the rock shaft 29. This rock

* are shown in Figure

3

shaft is moved in one direction by the ac-
tion of a spring 44 which normally tends to
draw it in a clockwise direction (Fig. 4) the
opposite end of the spring being secured to
the rigid arm 32, and is drawn in the op-
posite direction by the pull of a third fric-
tion band 45, the power end of which is con-
nected to an arm 46 which is also keyed or
otherwise non-rotatably secured to rock shaft
99. Friction band 45 passes around the inner
drum 24 previously referred to and has its
control end C connected to the outer end of
a control arm 46’ of the control element 18,
which element extends axially through the
sleeve 37. The work shaft is slotted at 48
for the passage of the control arm 467,
With the drums in rotation, but with no
torque being exerted on the control element,
the parts occupy the positions in which they

light frictional engagement with their as-
sociated drums and each taking the same
amount of power therefrom, so that no move-

ment of the work member results. The

spring 44 is tending to bring the band 26
into closer engagement with its drum but
the action of the spring is counter-balanced
by the pull of band 45, which is in light con-
stant engagement with drum 24. Under
these conditions the control ends of the bands
will not be moved in either direction. If the
control element 18 is rotated so as to move
the control arm 467 in a counter-clockwise di-

rection, however, (Figure 4) the inner band

45 will bear more heavily upon the drum 24,
and will exert a sufficient pull on arm 46 to
move this arm upwardly (Fig. 4) against the
action of spring 44, and hence to cause band
96 to bear less heavily upon its associated
drum and cause band 25 to bear more heavily
upon the drum with which it is associated,
with the result that the work shaft is rotated
in a counter-clockwise direction. If however
the control arm 46’ is moved in a clockwise
direction (Fig. 4) the normally constant frie-
tional pull of band 45 on arm 46 will be some-
what relieved and spring 44 will be effective
to rock shaft 29 slightly in a clockwise di-
rection with the result that band 26 will bear
less heavily against its associated drum and
band 25 will grip the corresponding drum
with . greater intensity. In this' case the
work shaft will be rotated in a clockwise di-
rection. At any time when it appears that
there is excessive frictional losses due to
tightness of engagement of bands 25 and 26
with their respective drums, or objectionable
looseness of the bands resulting in what 1is
known as “backlash” or vibration between the
tight position of one band and the tight posi-
tion of the other, the worm 41 may be rotated
by the thumb screw provided to effect the de-
sired band adjustment: :

A simple form of the synchronous amplify-
ine control mechanism is shown in Figure 7.

4, the bands being in:
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tively engage,

" Here the plﬁnger 60 of a solenoid magnet 61

is connected to the control end C .of a2 wrap-'
ping friction band 62. This band passes
-around a drum 63 which is driven in the di-
rection of the arrow A by an electric motor
64, and the power end P of the band is con-

-nected to one end of a pivotally mounted -
.lever 65, the opposite end of this lever being:
~segmental in shape. and is provided with

teeth which mesh with those of a pinion 66,
Pinion .66 may. operate in turn any desired
form of control mechanism, such as'a damper
or fuel regulating device.” The plunger 60
of the solenoid will move downwardly as the
magnetic attraction of the solenoid increases
due to an increased flow of current- there-
through, to cause the friction band to opera-
Or.engage with greater in-
tensity, the rotating drum, and hence the
work member 65 will be actuated. - A spring
67 opposes downward movement of the
it to assume a definite,
position. for any given. flow” of ' current
through the solenoid. A second spring 68
‘acting on the. work member 65 returns the
work member when the pull of the band is
relieved. o -
The current which flows through the sele-
noid may come from any one of a number of
sources. - For instance the mechanism illus-
trated may be applied to a steam boiler plant

~ 80 that the plunger 60 may move in sympathy

1.3

 slightly midway 'of the

with the fluctuations of steam pressure. In
such a case the pinion 66 may regulate the
flow of air to the combustion ‘chamber or
grate or may otherwise regulate the fuel sup-

ply

has proven in actual practice to be particu-

“larly serviceable when employed as an ele-
amplifying control -

)

ment of the synchronous
mechanism is 1llustrated in Figures8to 12 in-
clusive, and will now be described in detail.
This mechanism is fully disclosed and
claimed in my copending application Serial
79,956, . T

- The moving parts of the mechanism are
enclosed in a two-part casing 80 which may-
be of pressed steel or other suitable niateria{
Fixed in aligned ‘apertures in the casing are

the co-axial sleeves 81 and 82 respectively,. -
bushings within which the
- co-axial shafts 83 and 84 rotate and’ which

which constitute

comprise journals upon which the hubs
85 and 86 may freely

also

of the rotatable drums
revolve. The shafts

cured together. The shaft 83 comprises the
‘work member of the servo-mechanism and the
shaft 84 the control element.,

- A power shaft 87, receiving power from a
suitable source, and mounted in the bushing
88; is normally connected by a one way clutch
90 with driving shaft 877, aligned therewith,
and mounted in a bushing 89. - Mounted, upon

- A second form of servo-mechanism, which

83 and 84 telescope
casing but are not se- -

_with a felt band 104

1,751,652

driving shaft 87’ are pinions 91 and 92, the
teeth of pinion 92 meshing directly with those
of a toothed annulus 93 rigidly secured to
drum 85, and the teeth of pinion 91 meshing
with those of an idler (not shown), which
idler in turn meshes with those of a second
toothed annulus 95 rigid with drum 86, It

will be obvious that rotation -of power shaft .

87 in one direction will _cause rotation of
drums 85 and 86 respectively, in opposite di-
rections. '

The drums are cup-shaped members hay-

ing flanges perpendicular to the web por-
tions and are so disposed that the flanges ex-
tend toward each. other, the parallel edges
thereof being separated by only a slight gap.
The cylindrical inner faces of the flanges
comprise friction surfaces, and against these
surfaces lightly bear the friction bands 96
and 97 ‘respectively. These bands are simi-
lar, comprising metallic strips with facings
of cork or other suitable material. Each
band has a control end C and a power end P,
and they extend in opposite directions
around the drums from their control ends,
which ends dre substantially in the same ra.
dial plane. The control end of each band is
looped around a shackle member 98, these

shackle members being rigidly secured to

similar spaced parallel rings 99—99 respec-
tively, which are in turn fastened by rivet-
ing -or otherwise at diametrically opposed
points to a cross-arm 100 which is keyed on
the control element 84, the outer ends of the
cross-arm 100 being channel-shaped to pro-
vide suitable portions to which these rings

" may be secured. °

The power ends of the two bands are pro-
vided with similar links 101—101, and these
links are connected to the upper ends of simi-
larly formed rocker arms 102, the lower ends
of the rocker arms being pivotally mounted

-upon studs 103 which extend outwardlyin

opposite directions from a large central
transverse disk 104 which is keyed to the
work member 83. The rocker arms in effect
cross each other, ‘both Passing through an

79 |
S
75
80
85
20
95
100
105 -

110‘

opening 105 in the central disk 104, and each -

rotatably supports in the plane of this disk
an anti-friction roller 106, Thege rollers
bear respectively against the inclined faces
of an outwardly’ tapering wedge 107 which is
axially apertured to receive
which it 1s slidably mounted. A spring 109
of any suitable form urges the wedge radial-
ly outward and tends to separate the anti-
friction rollers and hence ‘to separate the/
rocker arms and to force the power ends of
the bands lightly against their respective
drums. : . -

The rod 108 has ends firmly mounted in the
margins of the aperture 105 in disk 104 and

.comprises, in reality;.an integral part of the =
(ﬂ;%l; 104 is provided

disk. The periphery of

which lightly presses
& .

a rod 108 upon
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against the margins of the inmer friction
faces of the drums, and this band effectively
prevents the entrance of dust within the space
between the drums. : :

~ Assuming the driving shaft to be rotating
continuously in one direction, it will be seen
that the drums will be rotated continuously
in opyposite directions, drum 86, for instance,
rotating in the direction of the arrow A
shown in Fieure 11.. Both bands will have
normal lieht frictional contact with their re-
spective drums because of the action of the
spring 109 and the wedge 107." The tendency
toward frictional retardation of the drums
will, however, be only slight, the pressure of
the bands against the drums in the normal
case Deing extremely light. Assuming, how-
ever, that the control shaft 84 is rotated by a
power motor of the type described in the di-
ection of the arrow D, Figure 11, it will be
apparent that the control end of band 97 will
be moved in the direction of rotation of its
associated drum and that this band will fric-
tionally engage the drum with increased
force. - The band thus engaged with the drum
takes from the drum an amount of power
which ig determined by the torque transmit-

~ ted to the control element 84 by the control

30

35
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motor, and this power is delivered by the
power end P of the band, through the cor-
respending - rocker arm and anti-friction
roller 106 to the wedge 107. The wedge is so
designed as to be immovable on its support-
ing rod 108 under the action of only one of
tho anti-friction rollers; that is, when one
only of the bands is effectively engaged with
its nssociated drum, the radial component of

the force exerted by the roller on the wedge

is less in magnitude than the force necessary
to overcome the frictional resistance of the
wedge to inward sliding. Hence the wedge
comprises a firm abutment, and the power
delivered by the power end of the band is
transmitted directly to the disk 104 and hence
to the work shaft 83 to which the disk is
keyed. ’ L
This movement of shaft 84 in the direction
of arrow D serves to tighten band 97 but to
decrease the pressure of band 96 against its
associated drum, although not to necessarily

~ totally disengage this band and drum. There

55

a0

85

is, therefore, little or no opposition within
the mechanism to the rotation of the work
chaft 83. Rotation of the control shaft 84
n a direction opposite to that indicated by
the arrow D will result in the lightening of
the frictional contact between band 97 and
its drum and the effective engagement of
band 96, so that the work shaft 83 is likewise
turned in the opposite direction. ‘

The wedge 107 is so designed that when
cither of the bands alone is active to trans-
mit power thereto, it constitutes a firm and
non-yielding abutment, as has been previons-
ly pointed out. If there is, however, at any

8

time, a tendency of both bands to engage their

‘respective drums so that both anti-friction

rollers 106 act simultaneously upon the wedge
107 with oppositely directed and equal, or
nearly equal, forces, it will be obvious that
the frictional resistance of the wedge to slid-
ing on rod 108 will disappear and that the

‘wedge will move radially inward against the

action of spring 109 to relieve or prevent any
simultancous effective gripping action of the
bands on their associate driims.  The wedge,
therefore, and its associated mechanism com-
prises an automatic adjusting device which
prevents excessive frictional losses due to si-
multaneous engagement of the bands, insures
that the bands are kept in light frictional
engagement. with their respective drums so
that there is no lost motion present with pos-
sibility of backlash or vibration, and it fur-
ther comprisés a wear compensating medinm
since it s equally operative in all positions in
which it may be placed and, as wear occurs
in the parts of the mechanism, will move
outwardly, taking up any play which may
have resulted from such wear.

This form of servo-mechanism has proven
to be very effective in actual operation, when
used in conjunction with a control motor and
large object to be operated in syntactic rela-
tionship therewith, but various other types
of servo-mechanisms may be employed if de-
sired, including those which give larger am-
plification of power.

In the appended claims the control motor
is said to have an “indicating member” but
it will be understood that this term broadly
designates any member which moves under
the influence of relatively weak forces to in-
dicate change of position of, or change of con-
dition in, a body, substance or instrumental-
ity, and does not mean merely a pointer or
other such visual member. The “indicating

70
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members” of control motors of different types

may vary widely in shape, position, structure
and mode of operation, but each “control
motor” contemplated by the present inven-

“tion is of such nature that its indicating mem-

ber will be distorted from its true position
if called upon to exert any substantial force
or torque. That is, it is characteristic of a
“eontrol motor” that, in order to exert any

“useful torque or force whatever, its rotor or

movable element must be displaced from its
theoretically correct position. For example,
in synchronous amplifying control mecha-
nism for the control of a gun, shown dia-

‘grammatically in Fig. 1, the control motor

19 is a receiving motor of an alternating cur-

rent data transmission system, the rotor of

- which, at no load, (rotor disconnected from

the shaft 18) indicates with an error of ap-
proximately one degree the position of the
rotor of the distant motor 19’. Under op-
erating conditions (i. e. with rotor connected
with shaft 18) it is possible with the syn-
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- chronous amplifying control mechanism to

abstract sufficient torque from.the rotor of
the centrol motor, to manipulate the gun

- without, in the normal case, displacing the

rotor by more than one degree from
responging no load position. -

Having thus described the invention, what
is claimed as new and desired to be secured by

its cor-

- Letters Patent is:

10

15

1. The combination with a control motor
of the class described, having an indicating
member movable under the influénce .of relq.
tively weak forces to indicate change of con-
dition in or position of a body, substance or
instrumentality, and which member is itselt
capable of exerting an appreciable force only
when displaced from its theoretically correct
position and is tending to move toward the
same, of a work member, a power driven
member, and a mechanical connection be-
tween the indicating member and the work

member having a portion adapted to take.

- power from the power driven member by fric-
tional engagement therewith upon movement

" 30

35

45

edto take power from the power driven mem-

50,

85

65

of
member movable under the influence of rela-
tively weak forces to indicate change of con-

of the indicating member of the control.

motor, whereby movement of the work mem-
ber is effected by power, the indicating mem-
ber and work member having corresponding
syntactic positions throughout their ranges
of movement. - :

2. The combination with a control motor of
the class described, having .an indicating
member movable under the influence of rela.
tively weak forces to indicate change of con-
dition in or position of a body substance or
instrumentality, and which member is itself
capable of exerting an appreciable force only
when displaced from its theoretically correct
position and is tending to move toward the
same, of a rotatable work shaft, a member

driven by power to rotate about a fixed axis

and having a friction face, and a mechanical
connection between the indicating member
and the work member having a portion which
has a constant frictional engagement with

1,751,852 .

ber having a cylindrical friction face, and a
wrapping friction band having constant en-
gagement with the friction face of said con-
stantly rotating member, the control end of
the band' being connected to the indicating
member and the power delivery end to the
work member, the indicating member and
work member having corresponding syntac-
tic positions throughout their ranges of
movement.

4. The combination with a control motor
of the class described, having an indicating
member movable under the influence of rela-
tively weak forces to indicate change of con-
dition in, or position of, a body, substance
or instrumentality, and which member is
itself capable of exerting an appreciable
force only when displaced from its theoret.
ically correct position and is tending to move
toward the same, of .a rotatable work shaft,
a source of power including a constantly ro-
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tating member having a cylindrical friction

face, a wrapping friction band ‘having sub-
stantially its entire length in constant fric-
tional engagement with the friction face of
the power driven member, the control end of
the band being operatively connected to the

.indicating member and the power delivery

the power driven member and which is adapt- -

ber, u})on movement of the indicating ‘mem-
ber .of the control motor and to transmit it

to the work shaft, whereby movement of the.

work shaft is effected by power, the indi-

o

cating member and work member having

corresponding syntactic positions throughout
their ranges of movement. '
3. The combination with a control motor

the class described having an indicating

dition in, or position of, a body, substance

- or instrumentality, and which member is it-

self capable of exerting an appreciable force

only when displaced from its theoretically "

correct position and is tending t6 move: to-
ward the same, of a work member, a power
source including a constantly rotating mem-

-member movable under the influence of rela-

end to the work shaft, the indicating member
and work member having corresponding, syn-
tactic positions throughout their ranges of
movement.

5. The combination

member movable in two directions under the
influence of relatively weak forces and which
indicates change in condition in, or position
of, a body,
which member is itself capable of exerting
an appreciable force only when displaced
from its theoretically correct position and
is tending to move toward the same, of a
work member’ operatively connected to an
object or instrumentality to be operated in
syntactic relationship to the indicating mem-
ber, said member being likewise operable in
two. directions, a constantly available power
source including two’members moving con-
stantly in opposite directions, a friction
member associated with each power driven
member ‘and in constant but normally in-

friction member being connected to the indj-

with a control motor
of the class described having an indicating -
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substance or instrumentality, and

105
110

118

effective engagement therewith, each such -

cating member so as to be operated thereby, -

and a connection between each frietion mem-

ber

taken from either power driven member by

120

and the work member, whereby the power - -+

its associated friction member may be trans-
mitted to the work member, the object con- -

nected to the work member being so actuated
thereby that it bears a syntactic relationship
to the control member at all times. ,

6. The combination of a control motor of
the class described having an indicating

[}
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tively weak forces to indicate change of con-
dition in or position of a body, substance or
instrumentality. and which member is itself
capable of exerting an appreciable force
only when-displaced from its theoretically
correct position and is tending to move to-
ward the same, of a work member movable
in two directions, a source of power includ-
ing two members driven constantly in oppo-
site directions, and means connecting the in-
dicating member and the work member, said
meang including two friction members. each

“in constant though normally ineffective fric-
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tional contact with its associated power
driven member and arranged to take power
therefrom when called into action by the
indicating member and to transmit it to the
work member, whereby movement of the
work member in either” direction is effected
by power, the greater part of which is sup-
plied by the power source. B

7. The combination with a control motor
of the class described, having an indicating
member movable under the influence of rela-
tively wealk forces to indicate change of con-
dition in or position of a body, substance, or

" instrumentality. and which member is itself
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capable
when displaced from its theoretically correct
position and is tending to move toward the
same. of a work member movable in two
directions, a power source including two
members driven constantly in opposite direc-
tions, means connecting the indicating mem-
ber and work member including two friction
members, each in constant though normally
ineffective frictional contact with its asso-
ciated power driven member and arranged
to take power therefrom under the control
of the indicating member and to transmit it
to the work member, and means including
an irreversible gearing for conmecting the
work member to a body or instrumentality to
be operated syntactically with respect to, the
indicating memler. '

8. The combination with a control motor
of the class deseribed, having an indicating
member movable under the influence of rela-
tively weak forces to indicate change of con-
dition.in or position of a body, substance or
instrumentality, and which member is itself
capable of exerting an appreciable force only
when displaced from its theoretically correct
position and is tending to move toward the
same, of a work member movable in two

directions, two members driven by power in

opposite directions, a friction member asso-
ciated with each power driven member and
in constant but normally ineffective engage-
ment therewith, a connection between each:
friction member and the work member, a con-
nection between each friction member and
the indicating member for bringing either
into effective engagement with its associated
power driven member, and means for con-

of cxerting an appreciable force only .

7

trolling the normal ineffective pressures of
the friction members against their respective
power driven members.

9. The combination with a control motor
of the class described having an indicating
member movable in two directions under the
influence of relatively weak forces and which
indicates change in condition in or position
of a body, substance or instrumentality, and

‘which member is itself capable of exerting

an appreciable force only- when displaced
from its theoretically correct position and is
tending to move toward the same, of a work
member operatively connected to an object
or instrumentality to be operated in syntactic

relationship to the indicating member, said”

member being likewise operable in two direc-
tions, a cénstantly available power source in-
cluding two members constantly rotating
about a common axis in opposite directions,
a wrapping friction band associated with
each such rotating member and in constant
but normally ineffective engagement there-
with, each such friction band being con-
nected to the indicating member so as to be
operated thereby, and a connection between
each friction band and the work member,
whereby the power taken from either power
driven member by its associated friction
member may be transmitted to thé work
member, the object connected to the work
member being so actuated thereby that it
bears a syntactic relationship to the indicat-
ing member at all times. '
10. The combination with a control motor
of the class described having an indicating
member movable under the influence of rela-

tively weak forces to indicate change of con-

dition in or position of a body, substance or
instrumentality, and which member is itself
capable of exerting an appreciable force only
when displaced from its theoretically correct
position and is tending to move toward the
same, of a work member movable in two
directions, two power driven members ro-
tating in opposite directions about a com-
mon -axis and having cylindrical friction
faces, and means connecting the indicating
and work members, said means including two
wrapping friction bands normally lightly
engaging respectively the cylindrical fric-

tion faces, each such band being adapted to.

be individually brought into effective fric-
tional engagement with its associated fric-
tion face upon movement of the indicating
member, so as to take power frictionally
therefrom and transmit it to the work mem-
ber, whereby movement of the work member
in either direction may be effected by power,

the greater portion of which is supplied by .

the power driven member.
In testimony whereof I

signature. .
: . HENRY W. NIEMAN.
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hereunto affix my
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