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(54) IMPROVEMENTS IN OR RELATING TO ACTUATORS

(71)  We, FRAZER-NASH LIMITED, a
British company of Burgoine House, Lower
Teddington Road, Hampton Wick, Kingston-
upon-Thames, Surrey KT1 4EX, do hereby
declare the invention for which we pray that a
patent may be granted to us and the method
by which it is to be performed to be parti-
cularly described in and by the following
statement:—

This invention relates to powered actuators
and is particularly, but not exclusively, con-
cerned with actuators for releasing stores from
aircraft.

The requirements regarding actuators for
releasing aircraft stores are arduous. The
actuator must be rugged and capable of operat-
ing in widely varying environments. It must
possess high reliability and not be subject to
malfunctions resulting in premature release or
inability to release. It must be powerful and
rapid acting. Versatility is a prime requirement
so that it can be used with different types of
stores and on different types of aircraft, while
the design should nevertheless be as uncom-
plicated as is compatible with this requirement.

The need for versatility gives rise to a re-
quirement for an actuator of which the operat-
ing shaft stroke length can be readily and re-
liably varied. It is a particular object of this
invention to achieve an actuator which fulfils
the above requirements and, especially, can ad-
vantageously be adapted to give different stroke
lengths in a manner that has not been possible
with actuators available hitherto.

According to the present invention, there is
provided a powered linear actuator comprising
a motor-driven screw jack with an output posi-
tion feedback potentiometer having in circuit
therewith a resistor that can be readily changed
to place different selected values of resistance
in circuit with the potentiometer, thereby
enabling the jack stroke to be changed.

Preferably a range of replaceable resistors is
provided each contained in a plug that can be
readily plugged in and withdrawn.

Arrangements in accordance with the inven-
tion will now be described by way of example
and with reference to the accompanying
drawings, in which:—

Figure 1 is a general cut-away pictorial view

of an actuator to be described.

Figure 2 shows the actuator in plan, in
section on the line 2-2 of Figure 3,

Figures 3 and 4 are, respectively, a side
elevation and an end view of the actuator,

Figure 5 is a partial view in section on the
line 5-5 of Figure 4,

Figure 6 is a block diagram of the actuator
system, o
Figure 7 illustrates operation of the actuator 60

55

. system in a closed loop servo mode,

Figure 8 illustrates a modification of the
actuator system employing relays, and

Figure 9 shows circuitry of the relay servo
system of Figure 8.. )

The actuator mechanism can be considered
as divided into three basic subsystems:—

(a) the primary drive and lock.

(b) the emergency manual drive.

(c) the positional control system.

The motive power consists of two D.C.
torque motors 11 (Type QT1207). These
motors are of the permanent magnet type, the
magnets being made from samarium cobalt
(rare earth) material. Each motor is capable of
producing a peak torque of 20 oz.ins. and has
the torque capability to drive the whole
assembly and its load in the event of the other
motor failing. The motors are designed to
withstand their full stall torque over the range
of operating environment specified, and are
manufactured by the Inland Motor Division
of the Kollmorgen Corporation.

The motors are mutually coupled via a
differential assembly which consists of two
bevel gears 12 that rotate respectively with the
two motor rotor assemblies 14 and mesh with
planetary pinions 15 rotating on pins 16 set
radially in a screwed sleeve 13. In the event of
either of the motors failing to function, the
remaining motor will rotate the screwed sleeve
13 at half the speed designated for the fully
operational drive.

The sleeve 13 drives a screwed shaft 17
which is prevented from rotating by a square
section 18 of the shaft that only permits the
shaft to slide through a normally stationary
bevel gear 19 of an emergency manual drive
20. Hence the action resulting from rotating
the screwed sleeve 13 on the shaft 17 causes

70

75

80

85

90

95

100



10

15

20

25

30

35

40

45

50

55

60

65

2 1595182 2

the actuator ram spindle 21, forming an exten-
sion of the shaft 17, to extend or retract, de-
pending upon the direction of the motor drive.

In the event of both motors 11 being in-
operative the actuator ram can be extended or
retracted by the use of the manual drive 20. The
manual drive is normally locked by a pin 27
locating in a groove in the actuator housing 10.

The manual drive comprises a drive bush 21
bearing a spur gear 22 meshing with a pinion
23 fast with a bevel gear 24 that meshes with
the bevel gear 19 through which the screwed
shaft 17 slides. The drive is engaged by inserting
an Allen key in a hexagonal socket 25 in the
manual drive bush 21. Pushing the bush 21 in-
ward against a spring 26 releases the locking
pin 27 from its groove, and thus allows the gear
train 22, 23, 24, 19 to rotate. This in turn rotates
the screwed portion of the ram shaft 17, caus-
ing the shaft to screw in to or out of the
screwed sleeve 13 and thus providing the facility
to manually position the actuator ram.

To permit rotation of the screwed portion
of the ram shaft 17 it is divided about half way
along its length, just on the outward side of the
bevel gear 19, the two halves being joined by a
ball-race joint 28 which allows rotation of the
inner shaft 17 relatively to the spindle 21 with-
out affecting the sliding mototion. The manual
drive ratio is four to one. This requires approxi-
mately three and three quarter turns of the
Allen key to extend or retract the actuator
through its full stroke.

The complete actuator assembly is housed
in a machined aluminium housing 10 which is
divided into two compartments 29, 30, each
compartment being accessible through an access
cover 31. The rear compartment 29 houses the
motors 11, motor locks and the differential
gear driving the ram shaft 17.

The lock assembly includes motor lock solen-
oids 32 housed in compartment 30 and
connected in series such that when current
flows through the motor armature circuits the
solenoids are energised and the locks are re-
moved, leaving the motors free to rotate. This
situation persists as long as the circuits remain
energised, but circuit failure of a motor results
in the respective lock being applied.

Following energisation of the armature cir-
cuits, rods 33 (Figure 5) are retracted against
springs 34. This withdraws heads 36 from en-
gagement with balls 37 and allows the balls to
be forced outwards by spring-loaded lock
plungers 38 thereby disengaging the plungers
from toothed members 39 of the motor rotor
assemblies. :

Circuit failure results in the rods 33 extend-
ing under the action of springs 34 which in turn
causes cam faces 40 on the heads 36 to force
the balls 37 against the plungers 38 and engage
the locks.

The lock solenoids are arranged to have only
a small inductance compared with that of the
motor armatures.

The actuator operates according to a closed
loop servo system.

The primary aim of the closed loop servo is
to provide a single actuator unit to cover a range
of strokes. A change of a replaceable resistor is -
the only modification necessary to enable a
single actuator to accommodate different stroke
lengths. The appropriate replaceable resistor is
contained within a plug/socket arrangement on
the installation. . 75

To achieve the closed loop servo system,
positional information in respect of the spindle
21 is given by a potentiometer 41 (Figures 2
and 6) consisting of a wiper 42 and a track 43
mounted on a printed circuit board. Two
similar potentiometers are included, to ensure
continued operation in the event of one servo
system failing, The potentiometer resistive
track 43 is energised by a stabilized supply 44
(Figure 7) and the replaceable resistor 45 is
connected in series with the potentiometer
track so that the particular voltage produced
for the same ram spindle position is different
according to the value of resistor fitted. This
will allow for different stroke lengths. 90

The feedback signal from each potentio-
meter 41 is compared at 46 with the input
command signal applied at 47 to produce a
difference or error signal. A power amplifier
stage 48 drives the respective motor 11 in the
required direction to reduce the error signal
towards zero.

The electronics is packaged for containment
in the actuator housing. In order that the motor
can be driven in either direction from the single 100
power supply a transistor bridge circuit may be
utilised. According to which pair of transistors
is conducting, the polarity of the supply to the
motor and hence the direction of rotation can
be changed.

80

: T 105
To give lower power dissipation in the
power amplifier a Class D technique can be
used whereby the motor is switched directly
across the power supply for a variable time
duration. This keeps power dissipation in the 110

motor driver stage to a minimum as the
transistors are either turned off or turned hard
on. The maximum power dissipation state when
the transistors have half the supply voltage
across them is only a transitory one and de-
pends on the operating speed of the transistors
selected.

If desired, a solid state motor current de-
tector can be incorporated to effectively give
the motor lock solenoids greater sensitivity. 120

Ambiguous command signals (e.g. an open
circuit command line to one servo) would
result in the motors receiving no extend or
retract command. In Figure 7 there is shown a
command validity check unit 49 which com-  {5¢
pares the command inputs to the two servos
and overrides the normal servo operation if
ambiguity is detected.

In the relay servo system shown in Figure 8
and 9, polarised relays 50 are used to produce {3q
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the error signal and effect the required control.
Figures 8 and 9 show the general arrangement
of a relay servo system. Each relay 50 is wound
with two coils 50A, 50B and the magnitude and
direction of currents in the coils can be
arranged so that the magnetic flux cancels and
leaves the relay contact in its centre or non- -
contacting position. If the magnitude of the
current in one coil is changed then the movable
relay contact will engage one or other of the
fixed contacts. Thus, the potentiometer feed-
back signal is compared magnetically in the re-
lays with the command input and the relay
contacts will deflect one way or the other to
determine the required motor direction. Respec-
tive slave relays 51 have contacts 51A, 51B to
change the supply polarity to the motors, thus
allowing bi-directional motor operation from a
single power supply. The diode 52 allows the
power supply to be applied to the motor 11

for either state of operation of relay 50 but to
relay 51 for only one state.

The relay servo system uses few components
and has the advantage that the full power supply
voltage can readily be applied to the motor.

The actuator described has numerous ad-
vantages. By embodying a replaceable resistor
into the interface wiring, the same actuator
can be fitted into different installations having
different requirements for length of stroke.
Furthermore, if the replaceable resistor is con-
tained in a cartridge or plug that can be quickly
plugged into or unplugged from the actuator,
changes of stroke length can be made very
easily.

The use of rare earth motors allows the
actuator to stand the full stall load indefinitely
without detriment. The output of a motor will
not deteriorate on being stalled due to lack of
back EMF. The torque output of the motors is
constant for a given applied voltage regardless
of speed and hence no stepping of gearing is
required. Hence the actuator thrust is constant
regardless of speed.

Due to the internal positional sensing poten-
tiometers it is possible to wire the control
circuits for a programmable output varying
torque/thrust, speed and/or displacement.

The use of rare earth motors also allows
operation in more elevated temperatures than
hitherto.

The same actuator can have alternative
electronic/electrical control circuits inbuilt to
give either closed loop (proportional control) or
open loop control.

The actuator can be readily designed to be
unaffected by a nuclear environment, using
nuclear hardened components in the electronic
control circuits.

The manual override allows the actuator to
be operated in the event of a power failure or
when electrically disconnected.

The actuator is particularly suitable inter
alia for operating aircraft safety and release
locks on weapon suspension and ejection equip-

ment, and also electrically-operated safety pin
or arming devices on airborne, shipborne or
ground based armaments.

Other special uses are the operation of access
doors and other devices for nuclear environ-
ments, e.g., at nuclear power stations, and
combinations locks for vaults, safes, etc. In
addition, there are many other situations re-
quiring linear actuator controlled devices where
the invention can be usefully employed.

WHAT WE CLAIM IS:~

1. A powered linear actuator comprising a
motor-driven screw jack with an output position
feedback potentiometer having in circuit- there-
with a resistor that can be readily changed to
place different selected values of resistance in
circuit with the potentiometer, thereby enabl-
ing the jack stroke to be changed.

2. An actuator according to claim 1, in
combination with a range of replaceable
resistors each contained in a plug for ready
insertion into and removal froma socket on
the actuator.

3. An actuator according to claim 1 or claim
2, wherein two electric motors are coupled to
drive the screw jack through differential gearing,
and locks are provided for the motor armatures
such that if a motor fails it can be locked to
enable the other motor to drive the screw jack
alone. 95
4. An actuator according to claim 3, wherein
the motor locks are withdrawn against spring
action by solenoids connected into the motor
energising circuits so that failure of a motor
circuit results in automatic locking of the re-
spective motor armature.

5. An actuator according to claim 3 or
claim 4, wherein the motors have rare earth,
e.g. samarium cobalt, permanent magnets,

6. An actuator according to any one of the
preceding claims, wherein a manual operating
gear is provided for actuating the jack in the
event of complete motor failure, said manual
operating gear being locked during normal
operation of the actuator.

7. An actuator according to claim 6, wherein
the screwed shaft of the jack passes slidably
through, but cannot rotate relatively to, a gear
wheel which is stationary during normal opera-
tion of the actuator but can be rotated by the
manual operating gear.

- 8. An actuator according to claim 7, wherein
the screwed shaft of the jack and an output
shaft extending out of the actuator are
connected end to end by coupling means that
enables relative rotation to take place whereby
during manual operation the screwed shaft can
be rotated without rotation of the output
shaft.

9. An actuator according to any one of 125
claims 3 to 8, wherein the potentiometer feed-
back signal is compared with the input com-
mand signal separately in two error amplifiers
the outputs of which are applied to respective
driver amplifiers feeding respective motors.
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10. An actuator according to any one of 11. A powered linear actuator substantially
claims 3 to 8, wherein the potentiometer feed-.  as described with reference to Figures 1 to 7
back signal is compared with the input com- of the accompanying drawings or as modified
mand signal magnetically in two polarised relays according to Figures 8 and 9. -
5 feeding respective motors, slave relays also being 15
provided responsive to the polarised relay out- FOR THE APPLICANTS:—
puts for reversing the motor polarities to re- LLOYD WISE, BOULY & HAIG,
verse the direction of actuator operation when Norman House,
the result of the comparison in the polarised 105-109 Strand,
10 relays changes sign. LONDON WC2R OAE. 20

Printed for Her Majesty’s Stationery Office by MULTIPLEX techniques 1td., St. Mary Cray, Kent. 1981. Published at the
Patent Office, 25 Southampton Buildings, London WC2 1AY, from which copies may be obtained.



COMPLETE SPECIFICATION
This drawing is a reproductibn of
the Original on @ reduced scale

1595182
6 SHEETS

Sheet 1

fﬁ\

Z
\
¢/

W

2
Z
:/o,\o\
I —

=) .

¢

%

=ZN.

w
P,

)

il




COMPLETE SPECIFICATION
Sheet 2

the Original on a reduced scale

6 SHEETS This drawing is a reproduction of

1595182

/2.2 L2 -
TOTT\RS?
ez 22N E==8Na & 6 [
iNAERN = LA
! .lﬂH.qM\H“\Mvu U find
e W i )
/ v H ;_ __—“H :_ l“ 4
e e 7NN\ —/c
p— =2 wh—//
NV O T——" %\ L S -.-ﬁ--:- b4 Q\
R N— Y N=RAANE
VLR NN rrress? o A
e RN,
- / ) Dlaws “v/u A~
Y\ p o2 T R .W/N\
%3 =)
Z 2 / /%N// /\

22 : V74 /7



COMPLETE SPECIFICATION
Sheet 3

the Original on a reduced scale

1585182
6 SHEETS This drawing Is a reproduction of

: —e N
n—an
T ™
pupue o0 5 S TSN
n\ .Lb!rwﬁl.d.|ll¢r}‘t /_/
/ ~

- -
s N

|
|
—=— | )
!
<Lt -
IBA RN o — =~
T Q=
__ H e \\\\\ \\\\\III\IU/ {
| ! e s N7
| “ \ \\ Vi AN
".M ! “ \\ PN A _
AR
! ~ | [Te) ’
\ ¥ D) My / I
| & Q1 [ N _
_.—II N Iyt \ / !
E/ R \ / |
Py // / |
1\ e il / 1
[ \ ~—— S EFEES
WX G 8
// N N d N ymEeg
NN ~. - e /

/:/94




1595182 COMPLETE SPECIFICATION

This drawing Is a reproduction of
6 SHEETS the Original on a reduced scale

Sheet 4

39
) R

37 S
33
\ 36
S
" o 37 40
47
EY,
@)
-
a5 45

Ly CFCCH—

N
02.15) (37170 27

46 43

=7/

47



1595182 COMPLETE SPECIFICATION

This drawing is a reproduction of
6 SHEETS the Original on a reduced scale

Sheet 5
: V4
|
45 48 = Py
47
O 17
ot 45
L6 Pz 77 -
F1g 7
\ E(;) l [
Y L4
50 57 77 = 44
47 | 2/

50 5/l 77,

F/yé’



1595182 COMPLETE SPECIFICATION

This drawing Is a reproduction of
6 SHEETS the Original on a reduced scale

Sheet 6

1 ;‘52 | 574 578
— ; v

504 508

A7

47

25

/5757'59



