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UNITED STATES PATENT OFFICE

23,865
SERVOMOTOR

Robert S. Curry, Jr., Baldwin, N. Y., assignor to
The Sperry Corporation, a corporation of Dela-

ware

Original No. 2,535,046, dated December 26, 1950,
Serial No. 624,441, October 25, 1945. Applica-
tion for reissue December 13, 1951, Serial No.

261,400

16 Claims. (CL 192—.02)

Matter enclosed in heavy brackets [ I appears in the original patent but forms no‘part of this
reissue specification; matter printed in italics indicates the additions made by reissue.

1

This invention relates to servomotors, and
more particularly to servomotors for the opera-
‘tion of aireraft control surfaces, characterized
by provision of means for simplifying to a high
degree the dismounting, overhaul and repair of
such apparatus, and is further characterized by
provision of clutching and disconnecting means
of an exceptionally reliable and rugged nature.

In aircraft gyro pilots one or more gyroscopic
controllers are provided adapted through suit-
able relays and amplifiers to control servomotors
which operate the rudder, elevator and ailerons
or other control elements in a manner to main-
tain the aircraft in a predetermined attitude.
The servomotor in many cases includes an elec-
tric motor and reduction gears driving a cable
drum or lever connected to the control element.
Servomotors also find use in large aircraft even
in the absence of a gyro pilot, where the required
control forces are so great as to approach the
limit of human strength. The servomotors are
there used as part of a manually-governed servo
or booster system. )

For an aircraft servomotor to be acceptable in
practice it must be so designed that the chances
of failure are as small as possible, and so that
in case of failure of any part of the system the
servomotor can be rendered inoperative to con-
trol the aircraft. The disengaging means must
be very reliable and quick acting because con-

tinuance of flight in an incorrect attitude even ¢

for a few seconds may be disastrous in some
situations. A third requirement is that the
servomotor be capable of replacement, repair and
overhaul with the minimum of time and com-
plication. Large commercial aircraft, to make
expenses have to be kept actually in the air as
much as possible, and delays in ground time
have serious economic consequences.

According to the present invention a servo-
motor is provided which meets these require-
ments to a high degree. The servomotor is made
as a plurality of unit sub-assemblies, so arranged
that a sub-assembly carrying the control-cable
reel or lever can be left permanently attached
to the aircraft, and the less rugged gearing and
motor assemblies readily detached without dis-
turbing the control cables. This not only re-
duces to a minimum the amount of handwork
that must be carried out within the aircraft;
it also does away with the usual necessity for
disturbing the control cables. The unit sub-as-
semblies are so constructed that each affords
maximum exposure of the parts therein, for
inspection or repair, and further each is readily
taken down into the ultimate elements.
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Furthermore in the servo of the present in-
vention the main servo disengaging means, dis-
posed between the permanently-fixed unit sub-
assembly and the detachable sub-assemblies, is
arranged in a manner such that in disengaged
position everything possible is disengaged from
the control cables, so that any and all jammed
or broken parts are cut out of the system. .

The invention in another of its aspects relates
to novel features of the instrumentalities de-
seribed herein for achieving the principal objects
of the invention and to novel principles employed
in those instrumentalities, whether or not these
features and principles are used for the said
principal objects or in the said field.

A further object of the invention is to pro-
vide improved apparatus and instrumentalities
embodying novel features and principles, adapt-
ed for use in realizing the above objects and also
adapted for use in other fields.

In the accompanying drawings there is shown
more or less diagrammatically two examples of
specific embodiments of apparatus within the
purview of the invention. In the drawings,

Fig. 1 is a perspective view of one form of servo-
motor in accordance with the invention.

Fig. 2 is a similar view but with the several
main sub-assembly units shown separated.

Fig. 3 is a view in central vertical section of
the apparatus of Fig. 1, some parts being shown
in elevation, -

Figs. 4 and 5 are views of the apparatus of
Fig. 1 partly in plan and partly in horizontal
section, the apparatus being shown partly sep-
arated.

Fig. 6 is a view front elevation of the motor
unit sub-assembly, the apparatus being viewed
in the direction of arrows 6—&6 in Fig. 5, and

Pig. 7 is a view in central vertical section of a
modification of the invention utilizing a modified
mechanical disengaging means.

Referring to the drawings, the servo of the
invention is arranged in three main units or
sub-assemblies. :

One unit includes a base or bracket 10 hav-
ing hole and slot means indicated at (1 and 12
for attachment to an aireraft (not shown). The
bracket has attached thereto a shell 13 of an-
nular shape, having a projecting tubular spud
14 (Fig. 3). A grooved reel 15 is provided adapt-
ed to engage cable 16 leading to control surfaces
(not shown). The reel has a reentrant portion
1T rotatably supported within the spud {4 by
two spaced ball bearings 18. Attached to por-
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tion 17 by screws 19 is a crown gear having a
conical web 20 and teeth 2§ extending around
the periphery (Fig. 4). N

The reel and crown gear assembly also has as-
sociated therewith means for engaging and dis~
engaging the reel and gear from the drive motor
(described hereinafter). Thus, a small reel 22
is provided, adapted to be rotated by a cable 23
leading to a lever 10 in the aircraft cockpit, and
having” a reentrant sleeve 30 mounted for rota-
tion, in a pair of ball bearings 24, in a spud 26
which is attached as by welding 28 to a plate 21
which is bolted to shell 13 by bolts 28. With the
arrangement shown reel 22 is free to be rotated or
to remain still independently of the movement of
the control cable reel 15. A resilient sealing ring
29 makes a weather-proof joint between reel 22
and plate 21. Sleeve 30 is threaded and engages
a screw 31 restrained from rotation relative to
plate 27 by means of guide members 32 engaging
grooves or ways 33 in the screw as shown. Thus
in the apparatus as so far described rotation of
clutch operating reel 22 away from the engage
position shown causes screw 31 to move out (to
the left) which causes disengagement as de-
scribed below.

The unit sub-assembly described, comprising
the bracket 10, shell i3, and the control-cable reel
15 and clutch operating reel 22 and their cooper-
ating parts, ordinarily remains permanently at-
tached to the aircraft, being removed only for
major overhaul.

The second unit sub-assembly includes a shell
40 dismountably attached by screws 41 to the
shell 13.  The shell 40 carries a set of speed-re-
duction gearing (shown in Figs. 3 and 5) mount-
ed on a spider 42. ' The high-speed end of the

‘gearing includes a gear 43 adapted to engage
the motor pinion 44 (see Fig. 5 described herein-
after) and the low-speed end a pinion 45 (Fig. 5)
and a relatively heavy gear 46 mounted in sub-
stantial bearings 47 (Fig. 3) and turning at cable
drum speed. Gear 48 has attached thereto by
screws 48 a springy plate 49 having a few teeth
50 at each end thereof for normal engagement of
the teeth of crown gear 20 in the engaged posi-
tion of the servomotor.

Gear 46 also has attached thereto a spud 5i
(Fig. 3) bored at 52 for reception of a sliding
plunger 53 adapted to engage a pair of levers 54
pivoted at 55 on wings 58 integral with spud 51
and likewise rotating with gear 46. Levers 54 en-
gage spring plate 49 and are adapted on move-
ment of plunger 53 to the left to disengage the
plate from the teeth of crown gear 20. Thus, re-
ferring to Fig. 3, the parts appear as shown dur-
ing engaged position of the servomotor. How-
ever, on rotation of the disengage reel 22 plunger
53 is moved to the left, causing disengagement as
described. Levers 54 and plate 49 assume the
position shown in dotted lines in Fig. 3.

The third unit sub-assembly comprises a motoxr
60 of electrical or other type, secured by screws
61 to a cover plate 62 which in turn is dismount-
ably attached by three screws 63 (Fig. 1) to shell
40 of the second unit sub-assembly. A clutch is
interposed between the motor shaft 163 and the
motor pinion 44 (PFig. 5). The clutch includes a
toothed membter 64 secured to the motor shaft
and a springy spider 85 keyed to a shaft 66 which
is journaled at one end in bearings 6T in mem-
ber 64 and at the other end in bearings 68 in a
plate 69 which is fixed to cover plate 62 by post 10.
A solenoid coil Tl is engaged in cooperating rela-
tion with a plunger 11’ which is freely mounted
on shaft 66 for longitudinal movement there-
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along. Plunger Ti’ is fixed to a member 12 which
is also freely mounted on shaft 68 and which is
adapted, on movement fo the left, to engage
springy spider 85 with member 64. Thus when
the solenoid is energized the motor is engaged to
pinion 44. .

Upon detaching the three cover plate screws
63 (Fig. 1) the cover plate and motor can be
lifted apart from the rest of the apparatus; sep-
aration taking place between gear members 43
and 44. .

Considering the operations of dismounting the
servomctor from the aircraft: the first assembly
described, namely that including the bracket, the
control-cable reel and the crown gear, as shown
at the right in Fig. 2, is normally left permanently
attached to the aircraft. These elements are
very rugged and ordinarily require detachment
only at quite long intervals. By leaving this unit
sub-assembly fixed, the considerable advantage is
obtained that the aircraft control cables, and
likewise the disengage caple, need not be dis-
turbed. The saving in time in overhaul is large
because such cables have to be rigged with great
care and accuracy, and if disturbed a tedious job
may be required to rig them again. Further-
more since they do not even have to be touched
during dismounting the danger of injuring a
strand by a tool slipping is avoided.

Thus what is taken out of the aircraft consists
of the second and third unit sub-assemblies, viz.
the gearing and disengage assembly in shell {3
and the motor assembly on plate 62. The com-
bination of the second and third units is removed
by unfastening the three screws 41. Removal
and replacement is a matter of only a few min-
utes. The operation will be clear from an in-
spection of Figs. 4 and 5. Units {3 and 62 can
readily be separated merely by removing the three
screws 63 (Fig. 2). This leaves the two units

. -with the interiors thereof exposed for maximum
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the servomotor.

accessibility.

Another useful consequence of the arrange-
ment shown is that it is quite possible to provide
interchangeable unit subassemblies, having dif-
ferent properties depending on the use desired.
For example one saircraft may require a 100:1
gear reduction and another a 200:1 gear reduc-
tion. It is a simple matter to provide motor units
of various powers, alternating current and direct
current, gear-and-disengage units of various
ratios, and cable-reel units of various diameters—
all readily interchangeable—to accommodate the
needs of a wide variety of aircraft.

Considering the functioning of the apparatus
during operation of the aircraft; the normal dis-
position of the parts when the servo system is
functioning is with the mechanical clutch (49, 20
in Fig. 3) engaged and the electromagnetic clutch
(64, 65, Fig. 5) likewise engaged. The motor 89
thus operates the cable reel in one sense or the
other in accordance with signals supplied to the
motor in known ways. There are two ways of
disengaging the servomotor. One is by pulling
cable 23, which as stated ordinarily extends to a
lever 18 on or near the instrument panel. This
is the most direct possible way of disengaging
It will be noted (Fig. 3) that
the disengagement operation in effect discon-
nects as much apparatus as possible from the
control cable drum, leaving the minimum possible:
apparatus to rotate with the cables. This nol
only makes for safety, by completely declutching
all parts which may have jammed or broken, but
also makes for reduction of friction because the
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only load on the manual control system in addi- .

tion to the load of the control surfaces them-
selves is that of rotating the control-cable reel.
For the above reasons it is regarded as advan-
tageous in most cases to employ the mechanical
clutching means (operated by reel 22) as the sole

engaging and disengaging means for the servo-

motor. Thus in an automatic pilot system,
when the pilot is at “off” position, or is at
“standby” position (gyros and amplifiers run-
ning, but pilot not engaged), the mechanical dis-
engaging lever 10 will be in off position., En-
gugement of the automatic pilot then involves
pulling the lever to ‘“on” position and simul-
taneously connecting the gyro and amplifier sys-
tem to the motor 60 in proper fashion.

The other way of engaging and disengaging
the servomotor Is by means of the electromag-
netic clutch T1. Thus in “off” or “staridby’” po-
sition of the automatic pilot clutch 11 is deener-
gized (disengaged) and on engaging the pilot
this clutch is simultaneously engaged. This ar-
rangement has the advantage that the electro-
magnetic clutch, working as it does at the high
speed end of the gearing, can be small and light
and readily operable by a small electrical signal.
Furthermore, if the electrical supply for the
autopilot fails the servomotor is automatically
disengazed. Nevertheless the electromagnetic
cluteh is not an equivalent of the mechanical
clutch; it can be used to supplement the me-
chanical clutch as a refinement if desired.

The mechanical disengaging means deseribed
in practice proves to be very rugged and reliable.
The clutch operating cable drum 22 can be made
as large as needed so as to obtain mechanical
advantage to disengage the servo even if con-
gealed grease or ice is present. Furthermore, the
whole arrangement is compact, an important
point in view of the need for locating aircraft
servos in cramped surroundings.

Fig., 7 shows a modified form of mechanical
clutch of a simpler construction than that pre-
viously described. The main difference is that
plunger 53 is actuated by a cam 1Tl pivoted at
12 to a bracket 18 secured to plate 27 by kolts 28.
A set of holes T4 permits the clutch operating
cable 23 to be attached to the cam at different
angles depending on the positioning of the
servomotor in a particular aircraft. Also in this
modification, the second part or second sub-
assembly 40 of the servomotor employs a dif-
ferent mounting for the clutch actuating lever
fingers and manually operable clutch actuator.
As shown a pair of radially extending arms 55
are secured to or integrally formed with the gear
46. At the outer ends of the arms 55’ are piv-
otally mounted a pair of clutch actuating lever
fingers 54’ which extend radially inward to en-
gage the plunger 53. The plunger 53 is slidably
mounted within an extension 80 secured in a
suitable manner to the gear 46 and in which slots
8! are provided for receiving the ends of the lever
fingers 54’. The gear 46 also carries resilient
plate 48’ which is slotted at the outer ends thereof
to receive the ends of the arms 56’. 'The resilient
plate 49’ carries toothed portions 50 which are
normally maintained in engacement with the
teeth on the crown gear 20 secured to the con-
trol element moving drum (5. Upon actuation of
the blunger 53 by the cable controlled lever cam
171 the plunger 53 slides inwardly rotating lever
fingers 54’ about their pivot points on the radial
arms 56’. The shoulders of the lever fingers 54’
will engage the resilient plate 49’ and cause it to
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be pressed or urged inwardly thereby disengag-
ing the toothed portions 50 from engagement with
the crown gear 20. It will he noted that the
plunger 83, lever fingers 54’, resilient engaging
plate 49’ and radially extending arms 58’ are
all mounted on the second unit subassembly 40
of the servomotor. Thus, when the units are
disassembled for service these units separate at
the clutch junction between crown gear 20 and
engaging toothed portions 50, the plunger and
end cap 82 sliding out of axial opening 83 in the
drum {5,

While the apparatus has been described prin-
cipally in connection with aircraft control-sur-
Tace servo systems, where it at present finds its
greatest usefulness, the apparatus has advan-
tages in other flelds; for example as a marine
hoist. Again, while the drive motor has been
shown as electrical and the speed-reduction
transmission as mechanical in nature, other
kinds of drives and transmissions can be sub-
stituted and the same advantages realized.

It will be noted that in clutch 6§4—11( (Fig. 5)
the solenoid plunger 11’ and disc 72 are freely
mounted on shaft 66. The clutch drive is taken
solely through spring arms §8. This makes for
maximum reliability and certainty of operation
of the clutch since the only moving parts that
are under load are the spring arms, and such
movement is frictionless. Similarly in the me-
chanical clutches shown the drive load is taken
through spring-mounted parts rather than
splined parts or the like, insuring very positive
and certain engagement and disengagement.

Since many changes could be made in the
above construetion ang many apparently widely
different embodiments of this invention could
be made without departing from the scope
thereof, it is intended that all matter contained
in the above desecription or shown in the accom-
banying drawings shall be interpreted as illus-
trative and not in a limiting sense.

What is claimed is:

1. In aircraft servomotor apparatus for the op-
eration of an aircraft control element such as a
rudder, a base, means for securing the base to an
aircraft, control-element operating means mov-
ahly mounted on the base, a motor, speed reduc-
tion means in driven relation to the motor, clutch
means having two substantially completely sep-

- arable portions one in driven relation to the low-
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speed end of the reduction means and the other
in driving relation to the control-element operat-
ing means, means for detachably securing the mo-
tor and the first part of the clutch means in driv-
ing engagement with the second part of the clutch
means, and means constructed and arranged on
actuation thereof to operate the clutch means so
as to disengage the control-element operating
means from the speed reduction means and mo-
tor. ’ :

2. In aircraft servomotor epparatus for the op-
eration of a movable aircraft control element, a
base, means for securiny the base to an airerafs,
control-elemont operating means movabiy mount-
ed on the bkase, a motor, power-transmission
means in driven relaticn to the molor, clutch
means havinz two separable portions one in
driven relation with respect to one end of the
transmission means and the cther in driving rela-
tion to the control-element opersting means,
means for detachably securing the motor and the
first part of the clutch means in driving engage-
ment with the second part of the clutch means,
and means constructed and arranged on actua-




7 .
tion thereof to operate the clutch means whereby
to disengage the control-element operating means
from the transmission means and motor.

3. In an aircraft servomotor apparatus a first
unit sub-assembly comprising a base, means for
securing the base to an aircraft and control-ele-
ment operating means movably mounted on the
base; a second unit sub-assembly comprising a
support detachably secured to said base and power
transmission means carried by the support and
having one end of the power transmission means
detachably attached to the control-element oper-
ating means:; a third unit sub-assembly compris-
ing a second support detachably secured relative
to the first support and base and a motor secured
to said second support and detachably attached
to the other end of the power transmission means.

4. In an aircraft servomotor apparatus a first
unit sub-assembly comprising a base, means for
securing the base to an aircraft, control-element
operating means movably mounted on the base
and one part of a two-part clutch operatively
associated with the control-element operating
means; a second unit sub-assembly comprising a
support detachably secured to said base, speed-
reduction means carried by the support and the
other part of the two-part clutch secured at the
low-speed end thereof and normally in engaged
relationship to the first part; and a third unit
subassembly comprising a second support detach-
ably secured relative to the first support and base
and a motor secured to said second support and
detachably attached to the high-speed end of the
speed reduction means.

5. In an aircraft servomotor having motor drive
means and a rotatable control-element moving
means, engaging-disengaging means between the
motor drive means and the control-element mov-
ing means comprising a clutch having two en-
gageable parts one of which is in fixed relation
to the motor drive means and the other of which
is in fixed relation to the control-element moving
means, a clutch operating member mounted for
rotation about the axis of rotation of the control-
element moving means, a member operable from
the clutch operating member on rotation thereof
to move in a direction parallel to said axis of
rotation and adapted on such movement to en-
gage and disengage the clutch, and means for
rotating the clutch operating member from a
point remote from the servomotor.

6. A demountable drive unit for moving an ele-
ment on a vehicle requiring considerable torque
comprising an electric’ motor, speed reduction
gearing operable therefrom and a control-element
moving means operable from the speed reduction
gearing, a light-welight electrically actuated
clutch between the drive motor and the high-
speed end of the speed reduction gearing, for rou-
tine engagement and disengagement of the
motor and a heavy-duty mechanically operated
clutch between the low-speed end of the reduc-
tion gearing and the control-element moving
means, said unit being separatable into a first part
including the moving means and one-half of said
heavy duty clutch, the second part including the
other half of said clutch, sald reduction gearing
and one-half of said light-weight clutch and the
third part comprising said motor and the other
half of said clutch. o :

7. In apparatus of the class described, a clutch
comprising a rotatable drive member, an inde-
pendently rotatable coaxial member adapted to
be moved along its axis, resillent means con-
nected to said coaxial member adapted in one
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position of said coaxial member to operably en-
gage said drive member and in another position
of said coaxial member to disengage said drive
member, solenoid means comprising a coil mem-
ber which is stationary, and a plunger member
which is mounted on said coaxial member and is
constructed and arranged to move said coaxial
member axially in response to energization and
deenergization of said coil member to thereby
engage and disengage said resilient means with
said drive means.

8. A clutch mechanism comprising a rotatable
control member, & worm gear operably connected
to said rotatable member and adapted to move
axially in response to the rotation thereof, a rod
member adapted to be moved axially by said

" worm member, a plunger connected to the other
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end of said rod member from said worm mem-
ber, a crown gear and resilient engaging means
both adapted to rotate about the same axis, a
plurality of levers adapted to be actuated by said
plunger to thereby engage and disengage said
resilient means with said crown gear.

9. A clutch mechanism comprising two sub-~
assemblies adapted to be easily detached from
each other, the first sub-assembly comprising a
rotatable control member and a worm gear oper-
ably connected to said rotatable member and
adapted to move axially in response thereto and
the second sub-assembly comprising a rod mem-
ber adapted to be moved axially by said worm

‘member, a plunger connected to the other end or

said rod member from said worm member, a
crown gear and resilient engaging means both
adapted to rotate about the same axis, a plurality
of levers adapted to be actuated by said plunger
to thereby engage and disengage said resilient
means with said crown gear.

10. A demountable drive unit for moving an
element on a vehicle requiring considerable
torque comprising an electric motor, speed reduc-
tion gearing operable therefrom and a control-
element-moving means operable from the speed
reduction gearing, a clutch having one member
thereof connected in driven relation to the low~
speed end of the reduction gearing and the other
member thereof connected in driving relation to
the control-element-moving means, said unit be-
ing separable upon disassembly into a first part
including the control-element-moving means
and said one clutch member, operatively con-
nected together, and a second part including said
other clutch member, said reduction gearing and
said motor, all operatively connected together,
said one clutch member comprising a crown gear
secured to said control-element-moving means
and mounted for rotation about an axis in the
first part of said unit, and said other cluich
member comprising toothed members and resil-
ient supports therefor mounted on said second
part for rotation about an axis coincident with
the axis of said first part when said unit is in
assembled condition, said resilient support nor-
mally urging said toothed members into engage-
ment with said crown gear, and clutch actuating
means comprising a rod and plunger member
slidably mounted within said second part for
movement along said axis, a plurality of levers
pivotally supported on said second part and
adapted to be engaged by said plunger and to
disengage said toothed members and said crown
gear on axial movement of said plunger, and a
lever member pivotally mounted on said first part
and adapted to engage said rod to effect axial
movement thereof.
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11. A two part demountable servomotor appra-
ratus for the operation of an aircraft control sur-
face such as a rudder, one part thereof compris-
ing a base adapted to be afized to an aircraft, a
control - surface operating means rotatably
mounted on the base, including the arially fived
element of a two element separable clutch and o
clutch release actuator, and the demountable part
of said apparatus comprising a motor, @ member
rotated thereby, the arially movable element of
said clutch normally biased in the engaged po-
sition and mounted on said member to rotate
therewith, lever mechanism pivotally mounted on
said member adjacent said movable clutch ele-
ment to open the clutch at will when the two
parts of said apparatus are secured together, and
an axially extending and axially movable mem-
ter, adapted to be moved by said actuator to en-
gage said levers and cause disengagement of said
clutch elements, whereby substantially all wear-
able elements of the apparatus may be de-
mounted with the second part thereof.

12. An aireraft servomotor apparatus for mov-
ing a control element such as a rudder comprising
an electric motor, control element moving means
operable from the motor, and a clutch having
one member thereof connected in driven relation
to the motor and the other member thereof con-
nected in driving relation to the control element
moving means, said apparatus being separable
upon disassembly into a first part including the
control element moving means and said one
clutch member, operatively connected together,
and a second pert including said other clutch
member and said motor, also operatively connect-
ed together, clutch actuating means comprising a
member slidably mounted within said second
rart, a plurality of levers pivotally supported on
said second part and engaged by said slidable
member for disengaging said clutch members on
the sliding of said slidable member, and means to
impart a sliding movement to said slidable mem-
ber.

13. An aircraft servomotor apparatus for mov-
ing a control element such as a rudder compris-
ing an assembly of parts including an electric
motor, control element moving means operable
Jrom the motor, and a clutch having a first mem-
ber connected in driven relation to the motor and
a second member connected in driving relation to
the control-element moving means, said assembly
being separable into two major subassemblies, of
which one subassembly is demountable and in-
cludes said first clutch. member and said motor,
operatively connected together, resilient means
Jor urging said first and second clutch members
into engagement on assembly of said subassem-
blies, clutch-release means comprising a member
movably mounted within the said one subassem-
bly, and a plurality of levers pivotally supported
on the said one subassembly and engaged by said
movable member for disengaging said clutch
members on the moving of said membver, the
other or fired subassembly including the control
.element moving means, said second clutch mem-
ber operatively connected thereto, and an acty-
.ator to impart movement to said second clutch
member, whereby substantially all vulnerable
parts are assembdled in the said one subassembly
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and are separable as a unit therewith with re- 10

spect to the said other subassembly.

14, An aircraft servomotor apparatus compris-
ing an electric motor, one part of a jaw clutch
coupled thereto, a control element, another part
of said jaw clutch coupled thereto, one of said
parts being a fired jaw member, the other part
comprising movable jaws normally spring biased
in the closed position, a lever mechanism for
opening said jaws against such spring bias, and
an ariglly located and axially movable member
for moving said lever mechanism, said servo-
motor apparatus being made in two separable
subassemblies, one part of said jaw clutch being
in one subassembly and the other part in said
other subassembly. :

15. In aircraft servomotor apparatus for the
operation of an aircraft control element such as
a rudder, a base, means for securing the base to
an aircraft, control-element operating means
movably mounted on the base, a motor, means in
driven relation to the motor, clutch means hav-
ing two substantially completely separable por-
tions one in driven relation to the driven means
and the other in driving relation to the control-
element operating means, means for detachably
securing the motor and the first part of the clutch
means in driving engagement with the second
part of the clutch means, and means constructed
and arranged on actuation thereof to operate
the clutch means so as to disengage the control-
element operating means from the motor.

16. In aircraft servomotor apparatus for the
operation of a movable aircraft control element,
a base, means for securing the base to an aircraft,
control - element operating means movadbly
mounted on the base, a motor, power transmis-
sion means in driven relation to the motor, clutch
means having two separable portions one in
driven relation with respect to the transmission
means and the other in driving relation to the
control-element operating means, means for de-
tachably securing the motor and the first part of
the clutch means in driving engagement with the
second part of the clutch means, and means con-
structed and arranged on actuation thereof to op-
erate the clutch means whereby to disengage the
conirol-element operating means from the motcr,
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