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3,207,005 
MECHANICAL ACTUATOR SYSTEM 

Howard M. Geyer, Dayton, Ohio, assignor to General 
Motors Corporation, Detroit, Mich., a corporation of 
Delaware 

Filed June 17, 1963, Ser. No. 288,140 
8 Claims. (Cl. 74-812) 

This invention pertains to mechanical actuators, and 
particularly to a mechanical actuator designed for han 
dling high mass loads. 

In my copending application, Serial No. 282,272, ?led 
may 22, 1963, several electro-mechanical actuator sys 
tems for handling high mass loads are disclosed wherein 
a high e?‘iciency drive path is utilized for raising the load 
and a low efficiency drive path is used for lowering the 
load. The present invention relates to a simpli?ed me 
chanical actuator of the same general type wherein the 
dead weight load is raised through an efficient spur gear 
train and lowered under free fall conditions through an 
inefficient worm gear train, and including means for lock 
ing the actuator system against movement due to the 
compressive load. 

Accordingly, among my objects are the provision of a 
mechanical actuator for high mass loads including sepa 
rate drives for manually raising the load and lowering the 
load under free fall conditions; the further provision of 
a mechanical actuator of the aforesaid type including 
a load proportional friction lock, or brake, for maintain 
ing the actuator in an adjusted position; the further pro 
vision of a mechanical actuator of the aforesaid type in 
cluding automatic means for releasing the brake when the 
load is raised and means for manually releasing the brake 
to lower the load under free fall conditions; and the still 
further provision of a mechanical actuator of the afore 
said type including a centrifugally actuated brake for 
controlling the rate of actuator movement under free fall 
conditions. 
The aforementioned and other objects are accomplished 

in the present invention by utilizing a high efficiency spur 
gear train in the drive path for raising the high mass load, 
and a relattively low e?iciency worm gear train in the 
drive path for lowering the high mass load. More speci? 
cally, the mechanical actuator includes a ball screw and 
nut assembly having a manual input from the spur gear 
drive path for raising the load, and a worm gear train 
coupled to the screw shaft and constituting the inefficient 
drive path for lowering the load under free fall condi 
tions. 

Further objects and advantages of the present inven 
tion will be apparent from the following description, 
reference being had to the accompanying drawings, where 
in a preferred embodiment of the present invention is 
clearly shown. 

In the drawings: 
FIGURE 1 is a fragmentary, perspective view, partly 

in section and partly in elevation, of the high ef?ciency 
spur gear train constituting the drive path for raising the 
load. 
FIGURE 2 is a fragmentary, perspective view, partly 

in section and partly in elevation, of the ball screw and 
nut together with the ine?‘icient worm gear train con 
stituting the drive path for lowering the load. 
With reference to FIGURE 1, the manual input of the 

mechanical actuator comprises a rod 10 having a longi 
tudinally extending keyway 12, the rod extending through 
a diametrical hole in a hub 14 keyed to an input shaft 16. 
The position of the rod 10 may be adjusted by loosening 
the knob 18 and sliding the handle 10 diametrically rela 
tive to the hub 14. A spin or pump action handle 20 is 
pivotally connected at 22 to one end of the rod 10, and 
thus the hub 14 and the shaft 16 can be driven by either 
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rotation of the rod 10 when the handle 20 is in the full 
line position, or a push or pull movement of the rod 
through the handle 20 when it is in the dotted line posi 
tion. 
The input shaft 16 is journalled by spaced ball bearing 

assemblies 24 and 26 in a suitable housing, not shown, 
and carries two cams 28 and 30 of opposite hands. The 
cams 28 and 30 are circumscribed by spur gears 32 and 
34, respectively, with one-way clutch rollers 36 and 38 
being situated therebetween. The cam 28 and the clutch 
roller 36 constitutes a one-way clutch which drives the 
spur gear 32 when the shaft 16 is rotated in the clock 
wise direction, and free wheels when the shaft 16 is 
rotated in the counterclockwise direction. Conversely, 
cam 30 of the roller 38 constitutes a one-way clutch 
which is engaged when the shaft 16 is rotated in the 
counterclockwise direction and is released, or free wheels, 
when the shaft 16 is rotated in the clockwise direction. 
In this manner, the manual input to the actuator for rais 
ing the load can be rotated in either direction without 
changing the movement of the output shaft. 
The spur gear 32 meshes with an idler spur gear 40 

which in turn meshes with a spur gear 42 attached to a 
shaft 44 journalled by spaced ball bearings 46 and 48. 
The spur gear 34 meshes with a spur gear 50 likewise at 
tached to the shaft 44. A bevel gear 52 is connected with 
the shaft 44, the bevel gear 52 meshing with a second 
bevel gear 54 attached to a shaft 56 journalled by a ball 
bearing assembly 58. The shaft 56 constitutes the out 
put shaft of the high ef?ciency drive for extending the 
actuator, or raising the load. As is apparent when the 
shaft 16 is manually rotated in the clockwise direction, 
the roller clutch 36 is engaged and the roller clutch 38 
is disengaged. Accordingly, rotation will be imparted 
from the spur gear 32 through the idler gear 40 to the 
spur gear 42 so as to rotate the shaft 44 in the clockwise 
direction which will in turn rotate the output shaft 56 in 
the counterclockwise direction. Conversely, when the 
shaft 16 is manually rotated in the counterclockwise direc 
tion, the roller clutch 36 is released while the roller 
clutch 38 is engaged thereby driving the spur gear 34 in 
the counterclockwise direction so as to impart rotation 
to the gear 50 in the clockwise direction and hence rotate 
the output shaft 56 in the counterclockwise direction. 

Referring to FIGURE 2, the output shaft 56 of high 
e?iciency manual input drive path has a second bevel 
gear 59 secured thereto which meshes with a bevel gear 
60 drivingly connected with the screw shaft 62 of the 
conventional ball screw and nut assembly. The ball 
screw and nut assembly includes a nut, not shown, which 
is threadedly connected to the screw shaft 62 through a 
plurality of circulating balls, not shown, it being under 
stood that the nut is connected to the load and restrained 
against rotation so as to reciprocate upon rotation of the 
screw shaft 62. A worm gear, or worm wheel, 64 is 
drivingly connected with the screw shaft 62, the worm 
wheel 64 meshing with a worm 66 constituting a re 
versible inei?cient drive path for lowering the load, or 
retracting the actuator, under free fall conditions. The 
worm 66 may be formed integral with, or may be attached 
to, a shaft 68 extending transversely relative to the screw 
shaft 62. The worm shaft 68 is journalled by a ball 
bearing assembly 70, the inner race of which has a slip 
?t on the shaft, and the thrust loads are taken by a ball 
bearing assembly 72. A brake disc 74 is attached to the 
shaft 68, which brake disc is cngageable with the end 
surface of a stationary housing 76. 

In addition, a centrifugal brake assembly 78 may, op 
tionally, be keyed to the worm shaft 68, the centrifugal 
brake assembly including a pair of centrifugally responsive 
shoes 80 and 82 pivotally interconnected at 84 and biased 
inwardly about their pivot by a coil spring 86. It will be 
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appreciated that during actuator retraction the worm shaft 
68 will be rotated at a relatively high speed thereby caus 
ing the brake shoes 80 and 82 to pivot outwardly so as to 
engage the housing 76 and thus control the rate of actu 
ator retraction under free fall conditions. ' ' 

The worm 66 has a rack action relative to the worm 
wheel 64 due to the applied actuator load in the direction 
of arrow 88 which holds the brake disc 74 in engageé 
ment with the housing 76 so is to lock the actuator against 
movement in the retract direction due to the compressive, 
or dead weight, load. In order to unlock, or release, the 
actuator brake, the other end of the worm shaft 68 has a 
release knob 90 coupled thereto through a thrust bearing 
92. To release the look, a rotatable shaft 94 is provided 
having a cam, or eccentric, 96 engageable with the knob 
90 and a handle 98 for rotatingthe shaft 94. When the 
shaft 94 is rotated the eccentric 96 will force the knob 90 
and the worm shaft 68 in a direction opposite to that 
or arrow 88 so as to disengage the brake disc 74 from the 
housing 76. ’ 

Operation of the mechanical actuator in extending the 
actuator for raising the load can be achieved by rotating 
the rod 10 in either direction, or by push-pull action, to 
rotation to the output shaft 56 and thus rotate the screw 
shaft 62 in the, counterclockwise direction as seen in FIG 
URE 2. counterclockwise rotation of the screw shaft 
will extend the actuator to raise the load, and through 
rack action between the worm wheel 64 and Worm 66 
automatically release the lock by taking up the clearance 
between the shoulder 68a on the'worm shaft and the 
bearing 72 so that the worm spins free under no load. 
When the manual input is disconnected, the rack action 
between theworm wheel 64 and the worm 66 due to 
the compressive dead weight load'will cause the brake, 
or lock, to be engaged thus maintaining the actuator in 
its adjusted position. To retract the actuator and lower 
the load, the handle 98 is operated to release the brake 
through the knob 90 and the worm shaft 68 thus causing 
the screw shaft to rotate in the opposite direction under 
free fall conditions so as to impart rotation to the worm 
shaft, which constitutes the ine?’icient drive path so as to 
dissipate the stored energy. As alluded hereinbeforc, 
the rate of actuator retraction can be controlled by utiliz 
ing the centrifugal brake construction 78. 

While the embodiment of the invention as herein dis 
closed constitutes a preferred form, it is'to be understood 
that other forms might be adopted. 
What is claimed is as follows: 
1. A mechanical actuator system for high mass loads 

including, a screw and nut actuator, gear train mechanism 
having dual drive paths operatively connected with said 
actuator, one of said drive paths including a high effi 
ciency gear drive for extending said actuator and the 
other of said drive paths including a low e?iciency re 
versible gear drive operable to permit retraction of said 
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actuator by gravitational force, and manually releasable 
locking means in said low efficiency gear drive for pre 
venting movement of said actuator under load. 

2. The mechanical actuator system set forth in claim 
1 wherein said high efficiency gear drive comprises a spur 
gear train. 

3. The mechanical actuator system set forth in claim 2 
wherein the input to said spur gear train comprises a 
manually rotatable shaft, a pair of oppositely acting one 
way clutches connected to said input shaft, an output shaft 
coupled to said screw, and alternate spur gear drives con 
necting said one-way clutches and said output shaft 
whereby rotation of the input shaft in either direction 
will result in rotation of the output shaft in only one direc 
tion. - ' 

4. The mechanical actuator system set forth in claim 
1 wherein said low el?ciency reversible gear drive com 
prises a reversible worm and worm gear. 

5. The mechanical actuator system set forth in claim 
4 wherein the worm gear is connected to the screwand 
the worm is attached to a worm shaft extending trans 
verse‘ly of the screw and capable of axial movement rela 
tive to the screw, and wherein said locking means com 

‘ prises a friction brake disc secured to the Worm shaft 

30 

and engageable with a stationary housing. 
6. The mechanical actuator system set forth in claim 

5 including a centrifugally responsive friction brake at 
teached to said worm shaft for. controlling the rate of 
actuator retraction under free fall conditions. 

7. A mechanical actuator system for high mass loads 
comprising, a screw and nut actuator including a rotat 
able screw shaft, gear train mechanism having separate 
drive paths operatively connected with said actuator, said 

‘ separate drive paths including a high efficiency manual in 
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put for extending said actuator and raising a load con 
nected thereto and a low e?iciency reversible worm drive 
operable to permit retraction said actuator to lower said 
load under free fall conditions, and releasable locking 
means operatively connected with said reversible worm 
drive, said locking means being automatically released 
upon operation of the manual input and manually re 
leasable to control actuator retraction. 

8. The mechanical actuator system set forth in claim 
7 wherein said worm drive includes a worm Wheel at 
tached to said screw shaft, a worm meshing with said 
worm wheel. and a worm shaft secured to said worm, 
said worm shaft being movable axially in opposite di 
rections to engage and disengage said locking means. 
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