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This invention relates to servo control systems,
and has particular reference to an accurate servo
mechanism for precisely reproducing a series of

intermittent and irregular adjustments at a re-

mote point.

'The uses of servo mechanisms of various forms
have increased materially and much improve-
ment has been directed particularly toward mak-
ing them more accurate by minimizing overrun-
ning, hunting, and the like. Most servo systems
are used for transmitting continuous movements
or movements of substantial duration, so that
the overrunning and hunting problems are not
. as serious as in the cases where the transmitted
movements are short and rapid, for in that event
a hunting oscillation may be a large percentage
of the transmitted movement, whereby a sub-
stantial error is introduced. An example of a
requirement for precise remote adjustments with-
out transmission error is the fuse adjustments
on & continuous series of gun shells in ordnance
and the like.

In modern fuse-setting practice the nose of
each shell of a series is placed in a pot which has
a pair of concentric pawls rotatable about the
center line of the shell for finding and attaching
themselves to corresponding slots in the nose of
the shell. The pawls are adapted to make, first-
ly, a rapid motion past each other seeking the
slots in the shell and, secondly, when they have
found the slots, a further motion to precisely set
or determine the fuse-setting and keep it cur-
rent, that is, in strict synchronism with the con-
tinuously changing fuse-setting order until the
instant of removal of the shell from the pot for
firing. Such a fuse-setting mechanism has only
one mechanical input which is required not only
to find and engage the fuse but to also set 1it,
with the aid of the present invention.” The pres-
ent invention may be readily adapted for the pre-
cise setting of fuses equipped with fuse-setting
lues instead of fuse-setting slots, and the term
“clots” as used herein is intended to apply equally
well to an equivalent detent for engagement by
the setting means.

'~ In accordance with the present invention, an

accurate servo control system is provided in which
the order of transmitted movements is repro-
duced at low speed, whereby the synchronism is
retained under all conditions and actual trans-
mission is effected at high speed so that the trans-
mitted movements are precisely reproduced with-
out transmission lag, thus enabling the system to
be employed with safety and confidence for the
setting of fuses on a continuous series of gun
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shells, and for other uses requiring reliability and
precision.

The invention utilizes self-synchronous electri-
cal transmission in which the usual pair of syn-
chronous units is doubled and are of the so-called
control transformer type comprising & distributed
three-phase stator winding operating with a shut-
tle type armature having a single coil thereon
like a self-synchronous receiver in construction.
The action, however, is of the null type, a servo-
motor being provided to bring the rotor to its
null or zero voltage position in respect to the

stator field and to continuously keep it there, the

servo-motor being operated by the amplified error
voltages from the rotor coil. The motion of this
servo-motor in response to the control trans-
former error voltages is transmitted to the fuse-
setter input through a mechanical differential,
in order that a second motor may cooperate with
it, the purpose of this second motor being to ini-
tially find and engage the setfing slots of the shell

 to be set while the servo-motor creates and keeps
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a mechanical fuse-setting value at all times in
synchronism with the electrical fuse-setting order
received by the self-synchronous system. Both
motors operate while engagement of the fuse is
being effected, but during fuse-setting the servo-
motor alone is operating. Control of the inter-
action of the two motors is accomplished by an
electro-mechanical arrangement of relays and
cam-switches as will be hereinafter described.
The placing of a shell in the fuse pot of the fuse-
setter trips a trigger which initiates a cycle of
operations comprising (1) engaging the fuse, (2)
rough-setting the fuse, and finally, (3) justifying
the fuse-setting and resetting the apparatus for
a repetition of the cycle. Means are also pro-
vided to smooth the action of the apparatus and
to prevent incorrect synchronizing under any op-
erating conditions.

For a more complete understanding of the in-
vention, reference may be had to the accompany-
ing drawings, in which:

Figure 1 is a schematic view of the servo con-
trol system of this invention;

Fig. 2 is a schematic electrical diagram of the
synchronizing means included in the invention;
and

Fig. 3 is a graph of the electrical action of the
same.

Referring to Fig. 1 of the drawings, numeral
10 designates the fuse-setter operated by the
mechanism of the present invention, and includ-
ing the housing {1 having the shell-receiving pot
{2 into which the nose of the shell 13 is adapted
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to be inserted fbr setting the fuse thereof. With
the shell 13 in that position the fuse-setting pawls

14 and (8 are spring-pressed against the smooth -

curve of the shell nose as indicated, and are ver-
tically aligned with the fuse-setting slots 16 and

{1, respectively, positioned in the shell nose, as .

shown. With this arrangement, rotation of the
pawls i4 and 16 about the axes of the shell will

cause them to engage the corresponding shell
slots 16 and 17.
-As shown In Fig. 1, these pawls 14 and 15 are

inter-connected hy gearing, including a mechani-
cal differential gear {8, in such a way that the

- pawls travel oppositely to each other upon ro-

tation of the single input shaft 19. For one di-
Trection of rotation of input shaft (9 the pawls
I4 and 10 separate, and for the opposite direction
of input rotation they approach each other. Be-
. cause of the differential gearing 18, the pawls
i§ and (b are free to rotate in the same direc-
tion, while the Input shaft 19 remaing at rest.
By this arrangement the angle of separation be-
tween the two pawls 4 and 185 represents fuse-
setting ‘angle when the device is synchronized in
accordence with the invention and the orienta-
tion of the pawls as a pair has no significance,
being made necessary by reason of the random
orientation of the fuse slots {6 and 171 on the
shell 13 when inserted in the fuse-setter 10.
According to the present invention, when the
shell 13 is inserted in the pot (2, its nose en-
gages and depresses rod 45 which closes switch

46 to set into rotation the pawls 14 and §5 in a

manner to be described. When the shell 13 is-

s0 inserted in pot 12, with random orientation of
the slots i6 and 17, the pawls 14 and 15 will be
given relative rotation of at least two turns and
will thus locate and engage their respective shell
slots 16 and 17T. When slots 16 and {7 have been
found, their included angle may then be ad-

justed to correspond to fuse-setting order, both
these actions being effected precisely, in a very

short time, as will be described.

The mechanism for gperating the fuse-setting
instrument 10 includes the assembly of mecha-
nism shown in Fig. 1, and comprises g fuse-slot
engagement drive unit designated 21, a rough
fuse-setting unit designated 22, and an arcuate
fuse-setting or Jjustifying unit designated 23.
These three units are connected mechanically
through the differential 24 and by the various
electrical connections shown. |
~ The fuse-slot engagement unit 21 is driven by
the continuously running electric motor 25 sup-
plied from the service wires 26 and having g
clutch-brake combination which operates when
electrically energized to release the output disc
21b from the fixed braking surface 28 carried on
- the frame 29 of the unit. Simultaneously clutch
disc 2Tc is pressed against the rapidly rotating
clutch surface of the motor flywheel 30. The
- transfer is made magnetically by the double coil
solenoid 21, the coil 3f being the brake coil, and
the coil 32 being the clutch cofl of the energizing
solenoid, By this arrangement, when the engage-
ment gearing 33 is nof operating, it is held very
rigidly by the brake 28 and, when the gearing is
required to run, the clutch operates very quickly,
since the plate 21c drops directly against the rap-
idly running motor fiywheel 30.

By this drive from motor 25, clutch 27c¢, 30,
gearing 33, shaft 40 connected to the spider of
differential 24, gearing &1, 42, and shaft 19, the
fuse-setter pawls 14 and 5 are suddenly ac-
celerated into rapid rotation past each other
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through a relative angle of at least two turrg
plus one additional turn to take care of any rapid
change of fuse-setting which may occur during
the engaging period. Exactly three turns of the
fuse-setter pawls {4 and 15 is desired to avoid a
loss of precise synchronism when engagement is
complete, as well as to assure engagement of the
fuse slots 16 and §7, the clutch-brake-motor com-
bination 25-32 being adapted to give precisely
three turns of the fuse-setter pawls 14 and (8
with g very small margin of error.

While this engagement of the fuse slots 186
and {7 by pawls {4 and 15 is taking place, fuse-
setting angle change is also being applied to the
end gear 34 of the differential 24 by the fuse-
setting follow-up motor 35 and the control trans-
formers 36 and 37 fed by the high-speed and low
speed synchronized supply lines 38 and 38, re-

- spectively. Follow-up motor 35 is energized by
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conventional electronic amplifier 58 connected
to power line 26 and amplifying the modulated
inputs from 36, 37, 43 and 44, as will be de-
scribed. |

The fuse-setting angle change value so ap-
plied to differential gear 38 passes through differ-
ential 24 and merges with the slot-engaging mo-
tion from end gear 33’ to appear on spider shaft
40 and gear 41, and fuse-setter mechanism 10
through gearing 42 and shaft 19, so that the mo-
tion appears as a change in angular spacing of
pawls 1§ and I5. Thus, the fuse-setting value is
kept up to date for the fuse although temporarily
set aside by the fuse-engaging motion from motor
2b. However, before the pawis 14 and 15 have
completed the relative three turns required, they
have engaged and set the fuse slots 18 and 17 to
approxXimate fuse value.

This fuse value is not quite accurate because of
the difficulty of getting exactly three turns at the

40 fuse from motor 26 without a dead stop of such
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rapidly moving parts as to give prohibitive
stresses in the mechanism. For this reason, a
slight re-synchronizing operation is necessary to
compensate for the inaccuracy in the pawl-
engaging rotation, whenever the engaging opera-

- tion has occurred, for it is obvious that if exactly

three turns of the pawls could be given by the
motor 25, synchronism would remain undisturbed
and would be the case if the number of turns is
any integer. However, since it is impractical to
obtain exact integral turns from motor 28, it fol-
lows that the net angle between the pawls (4
and 15, after any engaging operation, is in error

by the angle by which the motor 25 input varies

from integral value. In other words, the me-
chanical circuit traced from the rotor of control
transformer 31, for instance, to the fuse pawl
separation angle of the pawls I4 and 15, will ex-
hibit an angular misalignment equal to the error
by which the input engagement angle from motor
25 varjes from an integral value. |

In order to correct such misalignment, a sec-
ond direct mechanical control for the Fuse-setter
shaft 19 is provided and includes g second pair

of control transformers 43 and 44 supplied elec- .

trically by the same fuse-setting order from
synchronous supply busses 38 and 39. This me-
chanical connection comprises an extension 40’
of the differential spider shaft 40 to the rotor
of control transformer 43, so that the same gngle
value applied as input to shaft 19 is likewise ap-
plied to that transformer rotor. Accordingly,
when the aforementioned slot-engagement move-
ment of pawls 14 and 15 is completed, and a slight
misalignment of shaft 19 results. the rotor of
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confrol transformer 37 is aligned in its fuse-
setting-order magnetic field, but the rotor of con-
trol transformer 43 is out of alignment with its
similar field. Consequently, when the final shift
is made from control transformer 36 to control
transformer 44, g quick spin of a few turns of
motor 35 is caused to take place and the fuse-
setting angle at (9 is quickly and exactly justi-
fied, to continue following the input fuse-setting
-angle accurately thereafter until the shell 13
is removed and another one inserted at 12 for
setting in the same way. |

The energization of clutch coil 32 fo effect
" the pawl-engaging operation of fuse-setter 10 is
initiated by the aforementioned activation by the
nose of the shell I3 of the rod 45 to close the
switch 46, which applies current from source 286
to the delayed response type relay 41. Both the
relay 87 and switch 46 are in series with a mul-
tiple switch 48 operated by a cam 42 and fol-
lower B0, Before a shell is inserted in the unit
{6 the contact arm 51 of the relay 471 is held up
against the contact 52 by spring 53. Hence the
brake coil 3! is energized and the disc 2710 is
held immovably against the stationary brake disc
28. the differential gear 24 consequently acting
as a simple straight gearing. Also, at this time
the cam 89 is at rest, but the angle between the
pawls 14 and 15 is changing according to fuse-
setting order on the bus wires 38 and 38.

Energization of relay 47 as the result of inser-

tion of shell {3 in pot 12, causes its armature to.

break contact between the elements 51 and 52,
thus releasing brake 27b—28 and to make con-
tact between element 51 and the two lower con-
tacts 54 and 585. The closure of contact 55 causes
energization of clutch coil 32 to move clutch-plate
27¢ immediately into driving contact with spin-
ing motor flywheel 36, so that motor 23 can make
a quick swing of pawls {4 and 15 to engage them
in slots 16 and {7 on shell 3. This motion also
turns cam 49, which throws lever 38 to operate
switch 48. Switch 48 then appropriates control
from relay 47 by by-passing contacts 54 and %5
and, by breaking the coil circuit, also allows relay
contact Bl to go slowly back against stop con-
tact 52 'This action resets the brake 28—27b
immediately upon one turn of cam 48, which is
equivalent to the three turns of pawls & and (5.
At this time also, the cam 49 wil] transfer con-
trol from control transformers 36, 37T back to
control transformers 43 and 44 by action of shift
relay 586 by breaking of contact 5i, 34 at relay
41. In other words, introduction of a shell 13 at
12 initiates g three-turn cycle of the pawls {14, 19
under control of g different pair of control trans-
formers, in order that synchronism may be re-
tained for a quick application of fuse-setting to
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the fuse when the engaging cycle is completed

and control restored to the regular control trans-
formers 43 and 44 which have the advantage of
direct connection to the load. By this means of
engaging the fuse slots 16 and {7, synchronism
is retained at all times by the other set of con-
trol transformers 36, 37 within a small margin
of error so that the required final justification
of the fuse-setting value is not great enough to
consume any appreciable time,

As stated, follow-up motor 3% is continuously
following fuse-setting order as electrically de-
manded by the control transformers, transform-
ers 43 and 44 operating when setting the fuse and
 the transformers 36 and 37 operating when the
fuse-engaging operation is occurring. 1In either
case, the high speed control transformer 36 or 44
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of one pair or the other are in control for the
major part of the operation, the low speed trans-
formers 37 or 43 being in confrol only when syn-
chronism is lost, as for instance, when the ma-
chine is starting into operation.

The relay 51, shown in detail in Fig. 2, is pro-
vided to swing control from low speed to high
speed and back as often as necessary, being op-
erated by the error voltage output of the low
speed control transformers themselves. For in-
stance, when a low speed control transformer 31
or 43 is controlling the motor 35 and it is follow-
ing closely, the relay 51, responsive to the low
error voltage from the same, quickly switches con-
trol to the corresponding high speed unit for
greater accuracy of following,

Conversely, should the error voltage from the
low speed unit rise, thus indicating loss of syn-
chronism, then before the misalignment can be-
come serious, the relay 87 shifts control of motor
35 back to the corresponding “one speed” con-
trol transformer, which cannot lose synchronism
at any time. From the relay 57 the error voltages
are fed, as shown, to the amplifier 98 the power
output of which feeds the motor 3% as previously
explained. The circuit also includes damping
and compensating generators indicated at 59, 60
and 8{ for smooth action, as will be described.

Referring particularly to Fig. 2, the relay 57
which operates as described to maintain synchro-
nism under all conditions, includes the low speed
or rough control transformer 37, whose stator is
supplied by lead wires 69 from low speed self-
synchronous bus wires 38, whereby the signal
actuated rotating fleld of transformer 37 is es-
tablished, Similarly, high speed or fine control
transformer 36 is supplied by the stator lead
wires 70 from high-speed self-synchronous bus
wires 39. It will be understood that bus wires 38
carry the low-speed or rough following seli-syn-
chronous transmission of the signal or order to
be reproduced mechanically by motor 33, and that
numeral 39 designates the self-synchronous bus-
wires for the high-speed or accurate transmission
which appropriates control when the low-speed
system has achieved rough synchronism. At 67T is
shown the usual alternating current bus wires
for supplying power to any other self-synchro-
nous units, not shown, on the lines 38 and 383, here
also supplying a transformer 68 for a purpose to
be described.

As is usual in self-synchronous servo-systems,
the low speed system is only in control when the
mechanical parts slip out of synchronism with
the signal order, for instance while the instru.-
ment is de-energized. In such a case, as sodn
as the apparatus is again energized the follow-
up motor will be under control of the high-speed
control! transformer 36 because the relay 5T is
de-energized and the relay spring is holding its
relay contacts 72 and 13 closed. But if syn-
chronization has been lost while the apparatus
was de-energized, the error voltage from the dis-
placed rotor of low-speed control transformer 31
will be greater than the predetermined permissi-
ble value, the vacuum tube amplifier 71 will be
triggered, the relay 571 will open the contacts
12 and 13 and close the contacts 74 and 15 and
the low-speed control transformer 37 will assume
control. This control transformer will seek
roueh alienment and, when it has found it, the
error voltage from its rotor will drop and the re-
lay 51 will switch back to the high speed or pre-
cision control by transformer 36 for normal fol-
lowing of the signal.
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The switching mechanism includes vacuum
fube 76 biased negatively by the well-known
mmeans of connecting its cathode 77 to ground by
means of a resistance 18 in the plate circuit, so
that any voltage to operate relay 51 applied to
grid T8, must be positive and of greater voltage
than the biasing voltage. The voltage from con-
trol transformer 37 is, of course, a single phase
alternating voltage but the positive peaks of the
waves will affect amplification if they lie above
the critical or predetermined voltage value, the
pulsations being smoothed out sufficiently by the
condenser 80. This arrangement provides an ac-
curate and reliable shifting device from control
transformer 36 to contro} transformer 37 when-
ever 10ss of synchronism exceeds a predetermined
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value, indicating angular deviation between the

signal on busses 38 and 89 and the mechanical
output from motor 35.

Such a system 1Is practical and reliable except
under the remote circumstance that synchroni-
zation should fall 180° out of step. Thus, if the
normal synchronizing point is 0°, there is ghother
possible synchronizing point at 180°, and should
the instrument be de-energized and during de-
energization the mechanical output 19 turned so
‘that the rotor of the slow speed control trans-
former 37 is rotated nearly 180° from its correct
synchronizing position, the device will synchro-
nize at this point rather than find its way back
to true synchronism at 0°, which impairs the
effectiveness of the instrument as =« Servo-sys-
tem. This condition of control transformer 37
is fllustrated in Fig. 3, which also illustrates the
electrical action of both transformers 36 and 31.

In Fig. 3 horizontal line 82 represents zero
voitage output from rotor coils 31r and 36r of re-
spective control transformers 37 and 36 and the
point of the center marked 0° the condition of
synchronism which is the condition when the

fleld of the rotor coil 36r is being maintained at

right angles to the resultant fileld of the three-
phase type stator winding 36s carrying the ro-
tating signal and there is no voltage induced in
the rotor coil 36r. This coil 36r is driven through
gearing 92 by the servo-motor 35 at a rate eight
times as fast as the signal itself varies, and its
voltage wave is therefore labeled “8 speed” in
Fig. 3. When the rotor 36r of the contro] trans-
former 36 lags behind its rotating signal field,
the voltage value induced in it for each degree
of lag may be plotted as the dotted line curve
83. Similarly, for each degree that the rotor 36r
~ leads the signal fleld, the opposite sign voltages
may be plotted as the dotted line curve 8§. Like-
wise the voltages which would be generated in
the rotor coil 37r of low speed control trans-
former 3T when it is losing synchronism may be
plotied as the dash line curve 85, 86. The points
87 and 88 on the curve portions 84 and 83, re-
spectively, indicate the permissible error voltages
beyond which the relay 57 operates, to switch

control from high to low speed control as de-

scribed. The voltage in control, beyond these
points would normally be found on the curve 85,
2. |

- In the system of the present invention, how-
ever, this curve 85, 86 is not employed because
at 180° out of synchronism, as at point 88, there
is & second accidental synchronizing point. A
voltage error curve 86, 91 is therefore substi-
tuted, which does not align at 180° with the ex-
tended high speed curve 84 and therefore the
second syn point is eliminated. This
curve 80, 91 may be shown to be the curve 85, 86
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with its zero point shifted to the lefft and down
wards along itself by means of the mechanical
offset device at 8{ and the action of the trans-
former 68. The offset device 8! comprises a
lever fixed on the shaft of rotor 31 and shift-
able relatively to the gearing 92 to throw the ro-
tor coil 37r of the control transformer 371 out of
angular alignment with the rotor coil 36r of con-
trol transformer 36, thus shifting curve 85, 86
bodily to the left and the constant root-mean-
square voltage from transformer 68 realigns
curve 85, 86 at zero with the high speed curve
83, 84. In the diagram of Fig. 3 and considering
the action of the relay §7, the actual operating
error voltage output curve of a pair of trans-
formers 36, 31 is that shown by the full line
composed of that part of the high speed curve
83, 84 across zero between 8T and 88, and the
balance of the amended low-speed curve 90, 91.

The operation of the mechanism just described
and illustrated in Fig. 2, for preventing asyn-
chronism or pseudo synchronism, the synchro-
nous bus wires 38 and 39 transmit to the control
transformers 37 and 36 a set of three space-
phased alternating currents, the root-mean-
square values of which are peculiar to the angle
value of the signal required to be reproduced, as
1s well understood in self-synchronous trans-
mission. These currents flowing in stator wind-
ing 3Ts produce a directional field in which the
rotor coil 31r has some orientation. If the syn-
chronism is accurate within the limit predeter-
mined by the biasing voltage on the resistor 18,
as previously explained, no effect will be caused
by induction on the coil 37r because its output
circuit is interrupted at the points 18 and 715 of
relay bi.

At the same time, the high speed synchronous
bus wires 89 are feeding space-phased currents to
stator coils 36s of control transformer 36, desig-
nating an angle eight times as great as the angle
produced in control transformer 31, so that induc-
tion from stator coil 36s produces voltage in rotor
coil 36r eight times as great as the voltage pro-
duced in rotor coil 31r. This voltage passes
through contacts 72 and 13 to the power anplifier

88, thus causing servo-motor 35 to run in the right

50

60

direction to adjust the rotor coll 36 through gear-
ing 92 precisely into non-inductive or null position
in the field produced by stator winding 36s, there-
by reducing the voltage on coil 367 to zero. |

Thereafter, if the field of stator coil 36s rotates,
it will be understood that the rotor coil 36r will
be compelled by motor 36 to follow that field, thus
keeping its output shaft accurately aligned with
the signal through the action of control trans-
former 36 only. Under these ideal conditions,
synchronism is maintained and the operation oc-
curs along that portion of curve 90, 91 of Fig. 3
embraced between the two shift points 87 and 88.

However, should there be a large initia] mis-
alignment between the motor 35 and the signal,

- 50 as to Induce in rotor coil 31r a voltage greater
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than that indicated by points 87 and 88 on Fig. 3,
then the period of accurate following described
above is preceded by a period when control trans-
former 81 governs the motor 35, because such ex-
cess voltage will have dominated the blocking
bias on tube 18, causing relay 57 to switch rotor
coil 367 out of control and rotor coil 31r into con-
trol of amplifier 58 and the servo-motor 35. In
this case, before the relay 51 operates, the action
will occur at some point on the curve between
the points 87 and 88 and will then shift to curve
86 or 86, as described above.



2,444,813

Finslly, in an extreme case, the output shaft 18
may have been turned manually to about 160° out
of alignment with the signal, or temporary failure
in the amplifier 58 may have caused misalignment
of the motor 35, so that the action occurs on the
extended portion of the curve 84 which is em-
braced between the points 83 and 88. The control
transformer 36 is therefore in control but, due to
the fact that voltages in this area are opposite to
those in the area between points 87 and 88 on the
curve, the motor 3% is driven away from synchro-
nism at this point towards the correct point of
alignment at 0°, under control of transformer 36
until its rotor coil voltage becomes greater than
that indicated at points 83 and 84 when the mo-
tion towards synchronizing is continued under
control of transformer 37. Eventually, however,
when point 87 is reached, control will be again
given to transformer 36 and the action will be nor-
mal and accurafe.

In the servo control system described, in which
the error between the demand quantity and the
response actuates the servo-motor 35, regenera-
tion in the circuit causes oscillation In the re-
sponse, as is well understood. In order to make
such a system dead-beat, the mechanism shown
in Fig. 1 is used, including & generator 53 which
may be driven by the servo-motor 35 through
gearing 95 and the resulting speed-proportional
voltage output of generators8 fed in to the ampli-
fder 58 of the servo-motor circuit to oppose the
driving current. This method destroys the phase
relations on which the undesired oscillation is
based, but introduces a dynamic error in the servo
control system since it follows & value which lags
the order signal value to be reproduced. In order
to prevent such lag, a second like generator 60 is
also driven by the servo-motor 35 but through a
flexible drive 96 by shaft 97 and gearing 98, 89,
When the speed of the servo-motor 39 is uniform,
the voltages from the two generators 59 and 60
exactly nullify each other, but when there is ac-
celeration, the output of the flexibly driven gen-
erator 60 falls out of phase with the rigidly driven
generator 59 and a voltage opposed to the driving
 voltage results which damps the oscillation.
1f the flexibility of the flexible drive 8¢ Is such

that any acceleration belonging to the signal to be
reproduced is unable to flex it to any appreciable
extent, then any extensive flexing will be due to
acceleration of the servo-motor 35 when it is at-
tempting to achieve synchronism and it is under
such conditions that the damping voltage takes
effect. Any tendency of the flexible drive 96 itself
io oscillate is controlled by use of a viscous damp-
ing device 61, preferably of the eddy-current type
fixed on the flexibly driven generator shaft.

The detailed operation of the servo control
system of this invention has been described as the
description of its construction progressed. The
system accordingly accurately transmits small
and rapid angular adjustments without hunting
or other unintended oscillations 10 remote points
in series to enable fuse-setting of a series of pro-
jectiles and the like. Although the invention has
heen illustrated and described in connection with
fuse-setting operations, the invention is not limit-
ed thereby but is adaptable to other uses without
material change and to variations in construction
within the scope of the appended claims.

- Y claim:

1. In an electro-mechanical servo~-control sys-
tem sdapted to be actuated in accordance with
the movements of remote self-synchronous trans-

mitting means, the combination of a driven mem-
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ber, means for driving sald driven member, a
transformer having & stator winding energized by
said transmitting means and a rotor winding in-
ductively coupled to said stator winding, a servo-
motor electrically connected to said rotor winding
for energization in accordance with the voltage
induced therein, a differential interposed between
said driven memhber and the means for driving
the same, and operative connections between.
said servo-motor and said differential for modi-
fying the drive of said driven member by said
driving means in accordance with signals trans-
mitted by said transmitting means.

2. In an electro-mechanical servo-control Sys-
temn adapted to be actuated in accordance with
the movements of remote self-synchronous
transmitting means, the combination of a driven
member, means for driving said driven member, &
transformer having a stator winding energized by
said transmitting means and & rotor winding in-

ductively coupled to said stator winding, a servo-.

motor electrically connected to said rotor winding
for energization in accordance with the voltage
induced therein, operative connections between
sald servo-motor and said rotor winding for
driving the same to non-inductive relation with
sald stator winding, a differential interposed be-
tween said driven member and the means for
driving the same, and operative connections be-
tween said servo-motor and said differential for

modifying the drive of said driven member by~

said driving means in accordance with signals
transmitted by said transmitting means.

3. In an electro-mechanical servo-control sys-
tem adapted to be actuated in accordance with
the movements of remote self-synchronous trans-
mitting means, the combination of a rotary driv-
en. member, means for driving said driven member,
timing mechanism adjusted in accordance with
the movements of said driven member for regu-
lating the angle of rotation thereof by said driv-
ing means, a transformer having a. stator winding
energized by said transmitting means and a ro-
tor winding inductively coupled to saild stator
winding, a servo-motor electrically connected to
said rotor winding for energization in accordance
with the voltage induced therein, a differential
interposed between said driven member and the
means for driving the same, and operative con-
nections between said servo-motor and said dif-
ferential for modifying the angle of drive of said
driven member by said driving means in agccord-
ance with signals transmitted by sald transmit-
ting means. |

4 In an electro-mechanical servo-conirol sys-
tem adapted to be actuated in accordance with
the movements of remote self-synchronous
transmitting means, the combination of a rotary
driven member, means for driving sald driven
member, a normally disengaged clutch means in-
terposed between said driving means and saild
driven member, timing mechanism actuating saild
clutch to effect a predetermined angle of rota-
tion of said driven member, a transiormer hav-
ing a stator winding energized by said transmit-
ting means and a rotor winding inductively cou-
pled to said stator winding, & servo-motor electri-

-

"""""

cally connected to said rotor winding for energi-

zation in accordance with the voltage induced
therein, a differential interposed between said
driven member and the means for driving the
same, and operative connections between saild

servo-motor and said differential for modifying

‘the angle of drive of said driven member by said
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driving means in accordance with
mitted by said transmitting means,
9. In an electro-mechanical servo-control SyS=-
tem adapted to be actuated in accordance with
the movements of remote self-synchronous
transmitting means, the combination of a rotary
driven member, means for driving said driven
member, a normally disengaged electromsagnetic

signals trans-

~ clutch means interposed between said driving

means and said driven member, a switch control-
ling said clutch, timing mechanism actuating
sald clutch switch to effect a predetermined an-
gle of rotation of said driven member, g trans-
former having a stator winding energized by said
transmitting means and g rotor winding induc-
tively coupled to said stator winding, a servo-mo-
tor electrically connected to said rotor winding
for energization in accordance with the voltage
Induced therein, a differential interposed between
sald driven member and the means for driving the
same, and operative connections between said
servo-motor and said differential for modifying
the angle of drive of said driven member by said
driving means in accordance with signals trans-
mitted by sald transmitting means.

6. In an electro-mechanical servo-control sys-
~tem adapted to be actuated in accordance with
- the movements of remote self-synchronous trans-
_ mitting means, the combination of a rotary driv-
~en member, means for drivineg said driven mem-
ber, timing mechanism actuated in accordance
with the movements of said driven member for
regulating the angle of rotation thereof by said
driving means, a transformer having a stator
winding energized by said transmitting means
and a rotor winding inductively coupled to said
- stator winding, a servo-motor electrically con-
nected to sald rotor winding for eneregization in
accordance with the voltage induced therein, op-
erative connections between sald servo-motor
and sald rotor winding for driving the same to
non-inductive relation with said stator winding. a.
differential interposed between said driven mem-
ber and the means for driving the same, and op-
erative connections between said servo-motor
and said differential for modifying the angle of
drive of said driven member by said driving
means in accordance with signals transmitted by
said transmitting means.

7. In an electro-mechanical servo-control sys-
tem adapted to be actuated in accordance with
the movements of remote self-synchronous
transmitting means, the combination of a rotary
driven member, means for driving said driven
member, 8 normally disengaged clutch means in-
terposed between said driving means and said
driven member, timing mechanism actuating
sald clutch to effect a predetermined angle of
rotation of said driven member, a transformer
having a stator winding energized by said trans-
‘mitting means and a rotor winding inductively
coupled to said stator winding, a servo-motor
electrically connected to said rotor winding for
energization in accordance with the voltage in-
duced therein, operative connections between said
servo-motor and said rotor winding for driving
the same to non-inductive relation with said
stator winding, a differential interposed between
sald driven member and the means for driving
the same, and operative connections between said
servo-motor and said differential for modifying
the angle of drive of said driven member by said
driving means in accordance with signals trans-
mitted by said transmitting means.

8. In an electro-mechanical servo-control sys-
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tem adapted to be actuated in accordance with
the movements of remote self-synchronous trans-
mitting means, the combination of a rotary driven
member, means for driving said driven member,
& normally disengaged electromagnetic clutch
means Interposed between said driving means and
said driven member, a switch controlling said
clutch, timing mechanism actuating said clutch
switch to effect a predetermined angle of rota-
tion of said driven member, a transformer hav-
ing a stator winding energized by said trans-
mitting means and a rotor winding inductively
coupled to said stator winding, a servo-motor
electrically connected to said rotor winding for
energization in accordance with the voltage in-
duced therein, operative connections between said

Servo-motor and said rotor winding for driving

the same to non-inductive relation with said
stator winding, a differential interposed between
sald driven member and the means for driving
the same, and operative connections between said
servo-motor and sald differential for modifying
the angle of drive of said driven member by sald
driving means in accordance with signals trans-
mitted by said transmitting means. | |

9. In an electro-mechanical servo-control SyS-
tem adapted to be actuated in accordance with
the movements of remote self-synchronous trans-
mitting means, the combination of a rotary driv-
en member, means for driving said driven mem-
ber, a high-speed transformer and a low-speed
transformer each having a stator winding ener-
gized by said transmitting means and a rotor

winding inductively coupled to each stator wind-
ing, a servo-motor alternatively electrically con-
nected to sald rotor winding of one of said trans-
formers for energization in accordance with the
voltage induced therein, a relay interposed be-
tween said servo-motor and the rotor windings
of said transformers, means responsive to asyn-
chronism between said servo-motor and said
transmitting means for energizing said relay to
selectively connect the corresponding rotor wind-
ing to said servo-motor, a differential interposed
between said driven member and the means for
driving the same, and operative connections be-
tween said servo-motor and said differential for
modifying the drive of said driven member by
saild driving means in accordance with signals
transmitted by said transmitting means.

10. In an electro-mechanical servo-control
system, adapted to be actuated in accordance
with the movements of remote self-synchronous
transmitting means, the combination of a rotary
driven member, means for driving said driven
member, a high-speed transformer and a low-
speed transformer each having a stator winding
energized by said transmitting means and a ro-
tor winding inductively coupled to said stator
winding, a servo-motor alternatively electrically
connected to said rotor winding of one of said
transformers for energization in accordance with
the voltage induced therein, a relay interposed
between said servo-motor and the rotor windings
of said transformers, means responsive to asyn-
chronism between said servo-motor and said
transmitting means for energizing said relay to
selectively energize said transformers, gearing be-
tween the rotor windings of said transformers,
means for varying the angular relationship be-
tween the rotor winding of one of said trans-
formers and the other rotor winding and said
gearing to prevent pseudo asynchronism be-
tween said servo-motor and said transmitting
means, 8 differential interposed between said
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driven member and the means for driving the
same, and operative connections between sald
servo-motor and said differential for modifying
the drive of said driven member by said driving
means in accordance with signals transmitted
by said transmitting means.

11. In an electro-mechanical servo-control
system adapted to be actuated in accordance with
the movements of remote self-synchronous
transmitting means, the combination of a rotary
member, means for driving sald driven member,
3, high-speed and a low-speed transformer each
having a stator winding energized by said trans-
mitting means and a rotor winding inductively
cotipled to said stator winding, a servo-motor
alternatively electrically connected to sald rotor
winding of one of said transformers for ener-
gization in accordance with the voltage induced
therein, & relay for selectively connecting one of
said rotor windings to said servo-motor, gearing
between the rotor windings of said transformers,
means for varyineg the angular relationship be-
tween the one rotor winding and the other and
said gearing for preventing pseudo-synchronism
hetween said servo-motor and said transmitting
means, & differential interposed between sald
driven member and the means for driving the
same, and operative connections befween said
servo-motor and said differential for modifying
the drive of said driven member by said driving
means in accordance with signals transmitted by
said transmitting means.

12 In an electro-mechanical servo-control
system adapted to be actuated in accordance
with the movements of remote self-synchronous
transmitting means, the combination of a rotary
member, means for driving said driven member,
a high-speed transformer and a low-speed trans-
former each having a stator winding energized by
said transmitting means and a rotor winding in-
ductively coupled to said stator winding, a servo-
motor alternatively electrically connected to said
rotor winding of one of said transformers for
energization in accordance with the voltage in-
duced therein, a relay interposed between said
servo-motor and the rotor windings of said trans-
formers, means responsive to asynchronism be-
tween said servo-motor and said transmitting
means for energizing said relay to selectively en-
ergize said transformers, operative connections
between said servo-motor and said rotor winding
. for driving the same to non-inductive relation
with said stator winding, a differential interposed
between said driven member and the means for
driving the same, and operative connections be-
tween said servo-motor and said differential for
- modifying the drive of said driven member by
said driving means in accordance with signals
transmitted by said transmitting means.

13 In an electro-mechanical servo-control
system adapted to be actuated in accordance

with the movements of remote self-synchronous
' transmitting means, the combination of a rotary
driven member, means for driving said driven

member, a high-speed transformer and a low-

speed transformer each having a stator winding
energized by said transmitting means and & rotor
winding inductively coupled to said stator wind-
ing, a servo-motor alternatively electrically con-
nected to said rotor winding for energization in
accordance with the voltage induced therein, a
relay interposed between said servo-motor and
the rotor windings of saild transformers, means
responsive to asynchronism between said servo-
motor and said transmitting means for energiz-
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formers, gearing between the rotor windings of
said transformers, means for varying the angu-
lar relationships between the rotor winding of
one of said transformers and the other rotor
winding and said gearing to prevent pseudo syn-
chronism between said servo-motor and said
transmitting means, operative connections be-
tween said servo-motor and said rotor winding
for driving the same to non-inductive relation
with said stator winding, a differential interposed
between said driven member and the means for
driving the same, and operative connections be-
tween said servo-motor and said differential for
modifying the drive of said driven member by
said driving means in accordance with signals
transmitted by said transmitting means.

14. In an electro-mechanical servo-control
system adapted to be actuated in accordance
with the movements of remote self-synchronous
transmitting means, the combination of a rotary
driven member, means for driving said driven
member, a high-speed transformer and a low-
speed transformer each having a stator winding
energized by said transmitting means and a
rotor winding inductively coupled to said stator
winding, a servo-motor alternately electrically
connected to said rotor winding of one of said
transformers for energization in accordance with
the voltage induced therein, a relay for selective-
1y connecting one of said rotor windings to said
servo-motor, gearing between the rotor windings
of said transformers, means for varying the an-
gular relationship between one rotor winding and
the other and sald gearing for preventing pseudo-
synchronism between said servo-motor and said
transmitting means, operative connections be-
tween said servo-motor and said rotor winding
for driving the same to non-inductive relation
with said stator winding, a differential interposed
between said driven member and the means for
driving the same, and operative connections be-
tween said servo-motor and said differential for
modifying the drive of said driven member by
sald driving means in accordance with signals
transmitted by said transmitting means.

15. In an electro-mechanical servo-control
system adapted to be actuated in accordance
with the movements of remote self-synchronous
transmitting means, the combination of a rotary
driven member, means for driving said driven
member, g transformer having a stator winding
energized by said transmitting means and a rotor
winding inductively coupled to said stator wind-
ing. a servo-motor electrically connected fo said
rotor winding for energization in accordance with
the voltage induced therein, a differential inter-
posed between said driven member and the
means for driving the same, operative connec-
tions between sald servo-motor and said differ-
ential for modifying the angle of drive of said
driven member by said driving means in accord-
ance with signals transmitted by said transmit-
ting means, a second transformer having g stator
winding energized by said transmitting means
and a rotor having a winding inductively coupled
to said stator winding for rotation iIn response
to the field of said stator winding, and operative
connections between said second rotor and said
driven member for further modifying the angle
thereof.

16. ITn an electro-mechanical servo-control
system for setting fuses on shells equipped with
fuse slots or their equivalent in accordance with
the movement of a remote self-synchronous fuse-
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angle transmitting means, the combination of a
shell nose receiving pot, relatively rotary pawls
thereon for engaging the shell fuse slots, a motor
for driving said fuse pawls around the nose of
the shell for engagement with the corresponding
fuse slots thereon, a switch in the circuit of the
motor for energizing the same, means responsive
to the insertion of a shel! nose in said pot for actu-
ating said switch, timing means driven by said
motor for controlling the angle of rotation of said
pawls, a high-speed transformer and a low-speed
transformer each having a stator winding ener-
gized by said fuse angle transmitting means and a
rotor winding inductively coupled to the corre-
sponding stator winding, a servo-motor alterna-
tively energized by the voltage induced in one of
sald stator windings, gearing connecting the votor
windings of said transformers, a two-way switch
- interposed between the rotor winding and said
servo-motor, a relay responsive to asynchronism
between one of said transformers and said trans-
mitting means for actuating said switch to shift
the connection of said servo-motor from one
to the other rotor windings, operative connec-
tions between said serve-motor and said gear-
ing for driving the active rotor winding to non-
inductive relation with its corresponding stator
winding, a differential interposed between said
motor and servo-motor and having an output, and
operative connections between said differential
output and said fuse pawls for setting the fuse
slots on said shell in accordance with transmitted
fuse angle after said pawls are engaged by said
motor with said fuse slots.

17. In an electro-mechanical servo-control
system for settlng fuses on shells equipped with
fuse slots or their equivalent in accordance with
the movement of a remote self-synchronous fuse-
angle transmitting means, the combination of
& shell nose receiving pot, relatively rotary pawls
thereon for engaging the shell fuse slots, a motor
for driving said fuse pawls around the nose of
the shell for engagement with the corresponding
fuse slots thereon, a switch in the circuit of the
Imolor for energizing the same, means responsive
to the insertion of a shell nose in said pot for
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actuating sald switch, timing means driven by
sald motor for controlling the angle of rotation
of said pawls, a high-speed transformer and
a low-speed transformer each having a stator
winding energized by sald fuse angle transmit-
ting means and a rotor winding Iinductively
coupled to the corresponding stator winding, a
servo-motor alternatively energized by the voitage'
induced in one of said stator windings, gear-
ing connecting the rotor windings of said trans-
formers, a two-way switch interposed between
the rotor winding and said servo-motor, a relay
responsive to asynchronism between one of said
transformers and said transmitting means for
actuating said switch to shift the connection of
sald servo-motor from one to the other rotor
windings, operative connections between sald
servo-motor and said gearing for driving the
active rotor winding to a non-inductive relation
with its corresponding stator winding, a differen-
tial interposed between said motor and servo-
motor and having an output, operative connec-
tlons between said differential output and said
fuse pawls for setting the fuse slots on said shell
in accordance with transmitted fuse angle after
said pawls are engaged by said motor with said
fuse slots, a third transformer having a stator
winding energized by said fuse angle transmit-
ting means and a rotor having a winding, and
operative connections between said third trans-
former rotor and said differential output for
justifying the fuse-setting of said fuse slots.

FREDERICK W. CUNNINGHAM.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,299,509 ReY o Apr. 8 1919
1,500,860 YO e July 8, 1924
1,985,982 Edwards - . __ Jan. 1, 1935

456 2115,086 RIiggs Apr. 26, 1938

2,351,743 Chappell et al. ______ June 6, 1944



	Drawings
	Front Page
	Specification
	Claims

