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by the motor in turning the front vehicle wheels 
will be greater, thus resulting in a slight lagging 
of the motor and consequently a slight lagging 
in the follow-up movement of the valve casing 
30, resultingr in a wider opening of the valve ports 
and conse4uently the establishment of greater 
differential pressures in the motor. These 
greater differential pressures, of course, will be 
duplicated in the diaphragm chambers 13 and 
T4; and since the diaphragm 69 is mechanically 
connected to the steering wheel, it will'be ob 
vious that the greater the resistance encoun 
tered by the motor in turning the front wheels of 
the vehicle the greater will be the resistance 
which the operator will feel in turning the steer 
ing wheel. Thus the present device provides the 
steering wheel with “feel” which is accurately 
proportional to the resistance encountered by 
the motor in turning the front vehicle wheels. 
The foregoing description applies, of course, to 

'. a reverse turning movement of the steering 
wheel, the valve 3| being moved to the left as 
viewed in Figure 4 to increase the degree of com 
munication between the motor casing 23 and 
the source of vacuum while connecting the m0 
tor casing 24 to the atmosphere, through port 5|, 
groove 49 and atmospheric space 63. This will 
result in the admisison of air into the motor cas 
ing 24 and consequent .movement of the dia 
phragm 21 to the right as viewed in Figure 1. 
Under such conditions the lever 39 will have been 
turned in a counterclockwise direction and the 
motor 22 will turn the lever [B in the same di 
rection to effect a follow-up action of the valve 
mechanism, the steering forces being applied to 
the dirigible wheels of the vehicle, of course, 
through the drag link l5 , or a corresponding 
steering connection. The reaction pressures in 
the diaphragm chambers 13 and 14 of course will 
be reversed but will function in the same manner 
as before to take up all mechanical play inithe 
system and to afford accurate “feel" to the oper 
at-or. - 

The manually operated portion of the mecha 
nism is connected to the power operated portion 
only through the diaphragm 69 which, of course, 
is highly resilient. This arrangement prevents 
the transmission of road shocks to the steering 
wheel. Any tendency for the front wheels to 
swing through the encountering of an obstacle or 
hole in the highway will be transmitted through 
the drag link l5 to the levers i6 and thence to the 
valve casing 30 to move this casing in one direc 
tion or the other, thus immediately establishing 
or increasing differential pressures in the motor 
22 to overcome the force tending to turn the front 
‘wheels of the vehicle. The establishment of such 
differential pressures in the motor will be dupli 
cated in the chambers 13 and 14, but the shock 
forces, transmitted to the operator through the 
steering wheel will be very much reduced in ex 
tent because of the relatively small area of the 
diaphragm 69 with respect to the area of the dia 
phragm 21, and the shock forces will be obviously 
transmitted solely through the medium of differ 
ential pressures in the chambers 13 and ‘M, and 
thus will be cushioned. , 

It will be obvious that the apparatus functions 
to ‘prevent the operator’s having to constantly 
swing the steering wheel back and forth'to main 
tain the vehicle in the desired line of travel, even 
when the vehicle is travelling in a straight line 
with the valve 3| in neutral position. When the 
valve‘is in such position there are noforces pres 
ent tending to take up play between the parts. 
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but upon any slight turning movement of the 
front vehicle wheels movement will be imparted 
to the motor casing 3|] to move it with respect to 
the valve 3| to immediately establish whatever 
slight differential pressure is necessary to swing 
the front wheels back to a straight line position. 
Moreover, such operation results in immediate es 
tablishment of slight differential pressures in the 
chambers 13 and ‘M to take up all play in the me 
chanical connections, thus stabilizing the opera 
tion of the valve mechanism. 
The follow-up operation of the valve mecha 

nism, as stated is such that the play between the 
lever arm 39 and lugs I8 is never taken up in the 
normal operation of the apparatus. However, 
in the event of a failure of power in the motor 22, 
the motor will not cause operation of the lever Hi 
and under such conditions the lever arm 39 will 
swing until it engages one of the lugs l8, where 
upon a manual turning of the lever I6 can be 
effected. The response of the valve mechanism 
is so rapid and accurate that the play between 
the lever arm 39 and each lug l8 may be relatively 
slight. Emergency manual steering thus can be 
effected without much more play in the system 
than is present in most-manual steering mecha 
nisms in actual use. 1 
From the foregoing it will be apparent that 

the present mechanism provides-for an accurate 
follow-up of the motor 22 with respect to turn 
ing movement of the steering wheel. It is un- ' 
necessary to employ any friction means between 
the two valve units to tend to stabilize the oper 
ation of such units, the system being character 

' ized by a total absence of any arti?cial resist 
ances to turning movements of the front vehicle 
wheels. Without the use of friction or similar 
stabilizing means, the ?uid reaction device very 
accurately stabilizes the operation of the appa 
ratus and completely prevents any overrunning, 
creeping or “hunting” of the parts. In practice. 
therefore, it has been found that the front ve 
hicle wheels very accurately remain in a posi 
tion corresponding to the position of the steering 
wheel. ‘ 

Moreover, it will be obvious that the normal 
.iolts and jars to which a motor vehicle is sub 
jected can, and do, tend to affect the positions 
of the valve elements of a vehicle steering mech 
anism. Thus, aside from any tendency of the 
front wheels of the vehicle to turn, a jolting ‘of 
the vehicle frequently tends to move one of the 
valve elements. This would tend to cause a rela 
tive movement of the valve elements to effect at 
least limited energization of the steering motor, 
thus generating power to turn the front wheels, 
the direction of turning of such wheels depend 
ing upon the direction of relative movement of 
the valves. ~ 
Thus without any turning movement of the 

front wheels of the vehicle Or any turning move 
ment of the steering Wheel imparted thereto by 
the operator 2. motor-energizing relative move 
ment of the valves sometimes occurs.‘ It is a par 
ticularly important feature of the present inven 
tion that it functions to prevent turning move— 
ment of the front wheels of the vehicle under such 
conditions. It will-be noted that the area of the 
diaphragm 69 (Figures 4 and 5) is much smaller 
than the area of the diaphragm‘ 21 (Figure 1). 
while the volumes of the diaphragm chambers 13 
and 14 are relatively small compared with the 
volumes ofv the chambers formed in the ends of 
the motor 22. Thus‘it will be apparent that upon 
any motor-energizing relative movement of the 
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. This invention relates to power steering mech 
anisms. ' 

Numerous attempts have been made to develop 
e?lcient power steering mechanisms for motor 
vehicles employing fluid pressure ‘motors con 
trolled by follow-up valve mechanisms operable 
by the steering wheel and by the action'of the 
fluid pressure motor so that a given turning 
movement of the steering wheel will be followed 
by a proportional operation of the fluid pressure 
motor, the motor causing a follow-up action of 
the valve mechanism. These devices have been 
found to be operable but not commercially satis 
factory and accordingly have never come into 
commercial use. There are several reasons for 
the unsatisfactory operation of prior mechanisms 
of vthis type. In the ?rst place, it is impossible 
to connect the steering wheel to the manually 
operable element of the valve mechanism and 
to connect the motor to the follow-up element 
of the valve mechanism without introducing 
some lost motion into the mechanical connec 
tions. As a result, a given turning movement of 
‘the steering wheel does not accurately operate 
the steering motor to turn the front wheels of 
the vehicle at a given angle and hold them at 
such angle when the steering wheel is held sta 
tionary. ' 

It will be apparent that with the slight lost 
motion in the mechanical connections referred 
to, due to the play therein, the manually operable 
element of the valve mechanism will be moved 
only approximately to the correct position, and 
while this position is sufficiently accurate the 
valve will not accurately remain in the position 
to which it is moved. The bouncing and vibra 
tory forces transmitted to the valve mechanism 
by the moving vehicle will cause the manually 
operable valve to move back and forth within 
the limits of the play in its mechanical connec-. 
tions, thus energizing the motor to cause the 
front vehicle wheels to swing back and forth. If 
‘this operation does not occur, it almost always 
happens that the manually operable valve will 

limit of the play in the 
thereto, thus causing the 

motor to creep and result in the turning of the 
dirigible vehicle wheels to a greater extent than 
is intended. , 
Attempts have been made to overcome this 

fault in prior constructions by introducing some 
means such as frictional resistance to movement 
of the manually operable valve to provide for 
greater stability of this valve, which stability is 
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wholly necessary in a practicable mechanism of 55 

this character. However, such means is not 
wholly satisfactory since the frictional resistance 
cannot be made too great and obviously will be 
constant, with the result that sudden jolts will 
move the manually operable valve against the 
resistance employed. 
The second objection to prior mechanisms of 

this character is due to the fact that in the man 
ual operation of the steering wheel the resistance 
to turning movement varies in accordance with 
the speed of the vehicle. When the vehicle is 
moving slowly much more effort is required to 
turn the steering wheel, and the average driver 
instinctively applies to the wheel the amount of 
force necessary to turn it under individual driv 
ing conditions. With prior mechanisms, even 
those including means for stabilizing the action 
of the manually operable valve, the operator does 
‘not have the same “feel” that he has in manual 
steering. Accordingly, when a vehicle is travel~ 

. ing relatively slowly and substantial effort nor 
mally is required to turn the steering wheel, such 
effort is not required with prior steering mecha 
nisms and the result is that the operator will in 
stinctively apply more force to the steering. wheel‘ 
than is necessary, thus frequently turning the 
steering Wheel too rapidly or to too great an ex— 
tent. ‘ 

An important object ‘of the present invention 
is to provide a power steering mechanism where— 
in the operation of the manually controlled valve 
is stabilized to a highly e?icient degree, thus per- _ 
mitting the operator to turn the steering wheel 
to a given extent and then hold it stationary 
with the result that the front wheels of the ve 
hicle will accurately turn to the same extent and 
still steadily hold their proper position without , 
any back and forth turning movement or any 
creeping movement as has taken place with prior 
constructions. 
A further. object is to utilize differential pres 

sures in the steering motor for affecting a pres 
sure responsive element connected to the manu 
ally operable valve to oppose movement thereof 
in the direction in which the valve is being 
moved by the operator thus immediately taking 
up what play exists in'the connections to the 
valve and perfectly stabilizing the valve in a 
‘given position with respect to the steering wheel. 
A further object is to provide a mechanism of 

this type wherein the pressure responsive means 
connected to the manually operable valve pro 
vides in the steering wheel a degree of resistance 
to the turning movement thereof which is exactly 
proportional to the resistance encountered by the 
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motor in turning the front wheels of the vehicle 
in accordance with driving conditions, thus close 
ly simulating conventional manual steering oper 
ations without the operator's having to exert as 
much force under any driving conditions as is 
true in manual steering. ' 
A further object is to provide such a steering 

mechanism wherein shocks transmitted to the 
steering wheel by reason of the passage of the 
front wheels of the vehicle over bumps or holes 
in‘ the road is so reduced as to be substantially 
negligible, the apparatus functioning at the same 
time to provide an extremely rapid increase in 
the energization of the motor or a reversal of the 
energization of the motor to take care of the 
tendency of the front Wheels of the vehicle to 
alter their position, thus causing the vehicle to 
maintain a steady course without the operator’s 

' having to “fight” the steering wheel. 
Other objects and advantages of the invention 

will become apparent during the course of‘ the 
following description. ' ' 

In the drawings I have shown one embodiment 
of the invention. In this drawing- ' 
Figure 1 is a side elevation ‘of the invention 

applied to the steering column and associated ele 
ments of a vehicle, the motor being shown in 
section and parts being broken away, 
Figure 2 is a detail perspective view of the 

main lever of the apparatus, 
Figure 3 is a detail sectional view on line 3—9 

of Figure 1, 
Figure 4 is an enlarged detail central'verti 

cal longitudinal sectional view through the valve 
mechanism, 
Figure 5 is a similar view‘ taken horizontally 

' through the valve mechanism, and 
\ .Figure 6 is a transverse sectional view on line 
|3—6 of Figure 4. ‘v . 

Referring to Figure 1, the numeral H) desig 
nates the steering column of a'motor vehicle 
having a steering post || therein provided‘ at 
its upper end with the usual steering wheel I2. 
The lower end of the steering column is pro 
vided with a housing |3 containing the usual re 
duction gearing means (not shown) for trans 
mitting movement to a shaft l4, this shaft con- I 
ventionally being directly mechanically connect 
edto the drag link I5 or other element or ele 
ments by means of which steering movements 
are transmitted to the front wheels of the ve 
hicle.v In the present case a special lever indi 
cated as a Whole by the numeral I6 is employed 
and this lever will be described in detail below.‘ 
The lever is provided intermediate its. ends 

with a hub |‘| adapted to be» mounted on the 
end of the shaft I4 and to turn freely thereon._ 
The upper end of the lever I6 is provided with 
a pair of spaced lugs l8 for a purpose to be de 

' scribed. The lower end of the lever is pivotally 
connected as at l9 to the drag link or other 
steering connection l5. Between the shaft l4 
and pivot I9, the lower end portion of the lever 
I6 is pivotally connected as at' 20 to a rod 2| 
operable by a motor indicated as a whole by 
the numeral 22. This motor is energizalble to 
power-operate the lever l6 as will become ap 
parent. The motor 22 is preferably differential 

. pressure operated and the source of pressure dif 
' ferential conveniently may be the intake mania 
fold of the motor vehicle engine (not shown). 
The motor 22 comprises a pair of preferably 

stamped casing sections 23 and 24, the latter of 
which is provided with a stud 25 adapted to be 
nivotally connected to any suitable stationary 
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support (not shown) carried by any stationary 
part of the vehicle adjacent the motor. This 
pivotal connection obviously permits the motor 
to swing bodily to the extent necessary to per 
mit the pivot 20 to turn about the axis of the 
shaft |4 upon rocking movement of the lever 
IS. The casing sections 23 and 24 are periph 
erally ?anged as at 26 to be clamped against 
opposite faces of the peripheral portion of a dia 
phragm 21 and this diaphragm is secured to the 
rod 2|. This rod is mounted to slide in a bear 
ing '28 carried by the casing section 23. 
The motor is controlled by a valve mecha 

nism indicated as a whole by the numeral 29 
and illustrated in detail in Figures 4, 5 and 6. 
The valve mechanism illustrated in the present 
case comprises a pair of units, namely, a casing 
indicated as a whole by the numeral 39 and a 
valve indicated as a whole by the numeral 3|. 
One end-of the valve casing is provided with a 
threaded plug 32 carrying‘ ears 33 and a bolt 
34 passes through these ears and through an 
arm 35 mounted between the ears. The arm 35 
forms the end of an elongated arm 39 formed 
integral with the upper end of the lever' l6. 
Therefore itwill be apparent that this lever 
supports one end of the valve mechanism. 
The valve 3| is provided with a~stem 31 pro 

jecting from the end of the valve casing oppo 
site the plug 32 and this stem‘ is provided at its 
outer end with a yoke 38. A lever arm 39 has 
the hub 59 at its lower end surrounding the 
shaft It and keyed thereto as at 4|, the lever 
arm being mounted between the lugs l8 and free 
ly movable therebetween within reasonable limits. 
The upper end of the lever arm 39 is mounted 
in the yoke .38 and pivotally connected thereto 
as at 42. It will be apparent, therefore, that in 
the embodiment of the invention shown one end 
of the valve mechanism is supported by the le 
ver l6 while its other end is supported by the 
upper end of the lever arm 39. ' 
The valve casing 39 is provided with a cylin 

drical opening 42.therethrough in which the 
valve 3| is slidable. An air passage 43 is formed 
in the valve casing and is provided with ports 44 
and 45 spaced from each other to be controlled 
by the valve 3| in a manner to be described; Air 
is admitted into the passage 43 through a port 
46 preferably provided with a small air cleaner 41. 
The bore 42 of the valve casing is provided with 

a pair of spaced annular grooves 48 and 49 com 
niunicating with ports ‘50 and 5| respectively, 
and these ports, in turn, communicate with op 
posite ends of the motor 22 through ?exible hoses 
52 and 53. Between the annular passages 48 and 
49 (Figure 5), the valve casing is provided with 
a vacuum port 54 into which is tapped a pipe line 
55 preferably connected to the intake manifold 
of the motor vehicle engine (not shown) as the 
source of partial vacuum. ' 
The valve 3| is provided with a pair of spaced 

heads 56 and 51 having remote'tapered ends 58 
and 59 respectively. The space between the' 
heads 56 and 51 obviously is in constant commu 
nication with the vacuum port'54 (Figure 5). 
The adjacent faces of the heads “and 51 are 
spaced apart a distance slightly greater than 
they distance between the inner limits of the 
grooves 48 and 49 and accordingly it will be 
apparent that when the valve is in the normal 
position shown in Figures 4 and 5, both ends of 
the motor 22 will be in limited communication 
with the source of vacuum, thus vacuum suspend 
ing the motor diaphragm 21. 
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' Spaced from the respective heads 55 and 51, t 
the valve is provided with end heads 60 and 6| 
providing spaces 62 and 63 in constant commu 
nication with the respective air ports 44 and 45. 
The end of the bore 42 is closed by acap 54, for 
a purpose which will become apparent. The space 
between the head 6| and cap 64 is vented to the 
atmosphere as at 65, while ‘the space between 
the head 60 and plug 32 is vented to the atmos 
phere as at 66. These vent openings obviously 
are provided topermit free movements of the 
heads 60 and 6| without creating any sub-at 
mospheric or super-atmospheric pressure in the 
ends of the valve casing. 
The right hand end of the valve casing as 

viewed in Figure 4 is provided with an enlarged 
annular cupped portion 61 having a peripheral 
?ange 68 against which is arranged a ?exible 
diaphragm 69. A eupper cap 10 is provided with 

- a peripheral ?ange 1| arranged against the op 
posite side of the diaphragm 69-, and the ?anges 
6B and 1| and diaphragm 69 are secured to 
gether by bolts 12. The diaphragm 69 and ele 
ments 61 and'10 cooperate to form pressure 
chambers 13' and 14, for a purpose to be described. 
The valve is provided with an axial projection 

15 of circular cross-section projecting through 
a bearing opening 15 formed in the cap 64. It 
will be apparent that the cap 64 seals the cham 
ber 13 from the ‘space between the cap 64 and 
head 6|, thus maintaining the proper pressure 
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in the chamber 13. The end of the extension 15 . 1 
seats against the outer of a pair of metal disks 
11 arranged against the adjacent side of the dia 
phragm, similar disks 18 being arranged against 
the opposite side of the diaphragm. The stem 
31 is slidable in a bearing 19 formed in the cap 
10 and is provided with a reduced extension 80 
projecting through the diaphragm and threaded 
into the extension 15. It will be apparent that 
the outermost disks 11 and 18 will be respectively 
engaged by the ends of the extension 15 and stem 
31, thus eifectively clamping the diaphragm with 
relation to the stem 31 and extension 15 and 
hence with respect to the valve 3 I. 
Referring to Figure 4 it will be noted that the 

valve casing is provided with a passage 8| com 
municating between the port 5| and chamber 13. 
The valve casingis also provided with a passage 
82 (Figure 5) communicating with the groove 48 
and- with the chamber- 14 through a port 82 
formed in the diaphragm 69 and through a groove 
83 formed in the cap 10. The groove 48 commu 
nicates with the motor casing 23 (Figure 1) 
through the port 50 and pipe 52, and the passage 
82 thus operates to duplicate in the chamber 14 
any pressure which exists in the motor casing 
23. . Similarly, any pressure existing in the mo 
tor casing 24 will be duplicated in the chamber 
13 through the passage 8 I. 
The operation of the apparatus is as follows: 
As previously stated, the lever I3 is mounted 

free on the shaft I4, while the lever arm 39 is 
?xed to the shaft l4. Upon turning movement 
of the steering‘wheel I2, therefore, the motion 
transmitting means within the casing l3 will 
turn the shaft I4 and with- it the lever 39 and 
this lever is free to partake of movement within 
the limits de?ned by the lugs l8 without im 
parting any movement to the lever l6. Under 
all normal operating conditions, the play between 
the lever 39 and the lugs It will never be taken 
up, turning movement of the lever 39 resulting 

-in a follow-up power operation of the lever is. ' 
Assuming that turning movement of the steer 

40 

45 

50 

55 

60 

65 

70 

75 

ing wheel l2 results in turning the lever arm 39 
in a clockwise direction a viewed in Figure 1, the 
stem 31 (Figures 4 and 5) will be moved toward 
the right and will impart similar movement to 
the valve 3|. In the normal position of the 
valve 3| as shown in Figures 4 and 5, both ports 
50 and 5| will have been in constant restricted 
communication with the vacuum space between 
the heads 56 and 51, and accordingly air will 
have been exhausted from both ends of the motor 
22 (Figure l) to the same extent, pressures be 
in'g balanced on opposite sides of the diaphragm 
2 . 

- Movement of the valve to the right as stated, 
therefore, will increase the degree of communi 
cation between the port 5| and the vacuum space 
between the valve heads 56 and 51, but this in 
creased communication will not reduce pressure 
in the motor casing 424 (Figure 1), to which the 
pipe 53 leads from the port 5|, the pressure in 
such casing having been vnormally reduced to 
that of the source. However, movement of the 
valve 3| to the right as viewed in Figure 4 will 
cause the head v56 to move to the right and 
relatively slight movement of the valve will cut 
off communication between the port 50 and the 
central vacuum space and will connect the port 
50 to the air space 62, thus admitting air through 
pipe 52 into the motor casing 23 (Figure 1). 
This immediately establishes di?erential pre's 
sures on opposite sides of the diaphragm 21, the 
increase in pressure in the motor casing 23 re 
sulting in movement of the diaphragm 21 and 
rod 2| to the left to impart similar movement 
to the lower end of the lever IS. 
The operation referred to obviously turns the 

upper end of the lever l6 toward the right as 
viewed in Figure 1, or in a clockwise direction, 
whichis the direction of turning movement im 
parted to the lever arm 39. Thus continued 
movement of the lever 39 will result in continu 
ous movement of the lever l5 and play between 
the lever 39 and the right hand lug |8 (Figure 1) 
will not be taken up. When turning movement 
of the steering wheel I2 is arrested movement of 

' the lever 39 obviously will stop, but it will be ap 
parent that during movement of the valve 3| the 
valve casing 3|! will have been moved by the lever 
arm 35, thus causing follow-up action of the 
valve casing with respect to the valve 3| and 
very slight additional movement of the valve 
casing after movement of the valve has been 
stopped will restore thenormal position of the 
valve 3|. 

It will be apparent that as the normal relative 
positions of the valve elements is approached, the 
tapered face 58 will progressively restrict admis 
sion of air into the pipe 52 and admission of air 
will be immediately stopped as soon as the ta 
pered face referred to has passed beyond the 
annular groove 49. This point and the point at 
which the right hand limit of the groove 48 
passes the right hand limit of the head 51 as 
viewed in Figure 4 willibe reached just prior to 
the neutral position of the valve elements and ' 
continued slight movement of the casing 39 takes 
place with restricted communication between the 
groove 48 and the vacuum space between the 
heads 56 and 51. Thus it will be apparent that 
thevalve mechanism functions to cut off the ad 
mission of air into the pressure side of the mo 
tor 22 and to start to exhaust air from such side 
of the motor just before the neutral position of 
the valve is reached and the result is that pres 
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sure in the end of the motor to which air pre 
viously has been admitted will be very suddenly 
dropped, thus eliminating the necessity for an 
overrunning of the neutral position of the valve 
in order to re-establish equal pressures ‘in the 
motor. This operation tends to prevent any 
overrunning, creeping or “hunting” of the valve 
but is not in itself sufficient for this purpose. 
However, the means described below functions 
to assist the valve in providing a perfect opera 
tion in accordance with turning movement of the 
steering wheel. 

It will be obvious that there necessarily will be 
some slight play in the mechanical connections 
between the steering wheel and the valve 3i and 

' likewise there will be some slight play in the me 
chanical connections between the valve casing 
30 and the connection of the drag link l5 with 
the front wheels of the vehicle. In prior steering 
mechanisms, this play has been sufficient to pre 
vent stabilization of the valve with respect to 
the valve casing, these two units forming the two 
units of the follow-up valve mechanism. Assum 
ing that the steering wheel has been operated 
to turn the vehicle wheels at a given angle, the‘ 
normal jolting and vibration of the vehicle' pass 
ing over irregularities in the road surface are 
su?icient to cause the two valve units to move 
freely relative to eachother within the limits of 
the “play” in the mechanical connections re 
ferred to. With the steering Wheel held in a 
given position, the movement of the parts re 
ferred to causes the front vehicle wheels to creep 
to a different angular position, or to swing back 
and forth to a fairly substantial extent. 

to the positionof the steering wheel that has 
rendered such devices wholly impracticable, and 
the condition referred to is even more annoying 
What. the vehicle is travelling in a straight line. 

It is 
this inability of prior mechanisms to hold the 
front wheel steady in a position corresponding‘ 
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in the mechanical connections effecting the two 
valve units. When the steering wheel is turned, 
therefore, a follow-up action of the valve is pro 
vided and when the operator turns the steering 
wheel to the desired extent, and then holds it 
stationary, the valve mechanism functions not 
to exactly return to neutral position but to a 
position in which it will maintain in the motor 22 
the differential pressure necessary to hold the 
vehicle wheels against the force tending to re 
turn the wheels to a straight position. This 
tendency of the vehicle wheels,_ when the valve 
3| is moved to the right, exerts a force at the 
pivot 34 (Figure 4) tending to move the valve 
casing 30 toward the left to hold the two valve 
units in such position‘ as to maintain automat 
ically whatever differential pressure is neces 
sary in the motor to hold the front vehicle wheels 
in the desired position. Any tendency for too 
great a differential pressure to be established 
will cause a follow-up action of the valve casing 
tending to balance pressures in the motor, thus 
reducing the force applied in turning the front 
wheels and permitting them to remain in'the 
proper position. Any tendency for' the front 
wheels to swing in the opposite direction will tend 
.to move the valve casing 30 toward the left to 

’ increase the differential pressures in the motor, 

30 

35 

Under such conditions the front wheels will swing ' 
back and forth to a su?icient extent to require 
that the driver swing the steering wheel black 
and forth to keep the vehicle in a straight line 
of ‘travel. 
The use of the reaction diaphragm 69 in the 

present mechanism provides a remarkable de 
gree of accuracy and stability in operation and 
in practice it has been found that the vehicle‘ 
can be kept on a given course of travel with 
almost perfect accuracy. When the valve 3| is 
moved to the right under the conditions pre 
viously discussed, the partial vacuum previously 
existing in the port 5|, pipe 53 and motor casing 
24 will be‘maintained and this pressure is dupli 
cated in the chamber 13 (Figure '4) ‘through the 
passage 8|. Pressures in the motor casing 23 are 
duplicated in the chamber 14 (Figure 5) through 
the passage 82, this passage communicating 
with the groove 48, port 50, pipe 52 and motor 
casing 23. When thevalve is in neutral posi 
tion balanced sub-atmospheric pressures will ex~ 
ist in' the chambers 13 and 74, but upon move 
ment of the valve to the right to admit air into 
the motor casing 23, air likewise will be admit 
ted through passage 82 into chamber 14, thus 
setting up the pressure in the chamber 14 equal 
to that in the‘ motor casing 23 ‘and’ opposing 
movement of the valve 3| toward the right. 
The immediate result of this operation is the 

generation of a differential ?uid pressure reac 
tion between the valve‘ 3! and valve casing 29 
and the force tending to move these elements in 
opposite directions immediately takes up all play 
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thus preventing any turning movement of the 
wheels. I 

It will be obvious that the valve is prevented 
from ?oating back and forth due to the play in 
the mechanical connections, since the mainte 
nance of differential pressures in the motor in 
the manner stated also results in maintenance 
of differential pressures in the chambers 13 and 
‘i4. Accordingly it will be apparent that the 
?uid pressure reaction between the valve 3! and 
valve casing 30 will be maintained, thus prevent 
ing any play or lost motion in the mechanical 
connections from permitting the valve units to 
move with respect to each other. This reaction 
‘means therefore functions to stabilize the action 
of the valve mechanism and results in holding 
the front vehicle wheels very steadily in a posi 
tion corresponding to turning movement of the 
steering wheel, which result has been impossible 
with prior power steering mechanisms. 
The reaction mechanism referred to provides 

a second advantageous result. As is well known, 
the force required for turning the steering wheel 
of a motor vehicle progressively decreases as the 
vehicle speed progressively increases and the 
operator of the vehicle will instinctively apply 
to the steering wheel a greater turning force 
when the vehicle is travelling slowly than when 
it is travelling more rapidly. With the present 
mechanism the differential pressures in the mo 
tor 22 will be proportional to the force neces 
sary for turning the front vehicle wheels and 
since the pressures in the chambers 13 and 14 
(Figure 4) correspond to the pressures in the 
ends of the motor 22, it necessarily follows that 
differential pressures in the two diaphragm 
chambers are proportional to the force neces 
sary for turning the steering wheel. 

In this connection it will be noted that when 
the vehicle is travelling at a relatively high speed 
under which conditions less force is required to 
turn‘ the dirigible vehicle wheels, a slight move 
ment of the valve 3| will establish su?lcient' 
differential pressures in the motor 22 to effect 
turning movement of the front wheels. When 
greater force is necessary to turn the front 
wheels of the‘ vehicle, the resistance encountered 
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by the motor in turning the front vehicle wheels 
will be greater, thus resulting in a slight lagging 
of the motor and consequently a slight lagging 
in the follow-up movement of the valve casing 
39, resulting in a wider opening of the valve ports 
and conseiuently the establishment of greater 
differential pressures in the motor. These 
greater differential pressures, of course, will be 
duplicated in the diaphragm chambers 13 and 
14, and since the diaphragm 69 is mechanically 
connected to the steering wheel, it will'be ob 
vious that the greater the resistance encoun 
tered by the motor in turning the front wheels of 
the vehicle the greater will be the resistance 
which the operator will feel in turning the steer 
ing wheel. Thus the present device provides the 
steering wheel with “feel” which is accurately 
proportional to the resistance encountered by 
the motor in turning the front vehicle wheels. 
The foregoing description applies, of course, to 

', a. reverse turning movement of the steering 
wheel, the valve 3! being moved to the left as 
viewed in Figure 4 to increase the degree of com 
munication between the motor casing 23 and 
the source of vacuum while connecting the mo 
tor casing 24 to the atmosphere, through port 5|. 
groove 49 and atmospheric space 63. This will 
result in the admisison of air into the motor cas 
ing 24 and consequent vmovement of the dia 
phragm 21 to the right as viewed in Figure 1. 
Under such conditions the lever 39 will have been 
turned in a counterclockwise direction and the 
motor 22 will turn the lever Win the same di 
rection to effect a follow-up action of the valve 
mechanism, the steering forces being applied to 
the dirigible wheels of the vehicle, of course, 
through the drag link I5. or a corresponding 
steering connection. The reaction pressures in 
the diaphragm chambers 13 and 14 of course will 
be reversed but will function in the same manner 
as before to take up all mechanical play in‘the 
system and to afford accurate “feel" to the oper 
ator. ’ 

The manually operated portion of the mecha 
nism is connected to the power operated portion 
only through the diaphragm 69 which, of course. 
is highly resilient. This arrangement prevents 
the transmission of road shocks to the steering 
wheel.v Any tendency for the front wheels to 
swing through the encountering of an obstacle ‘or 
hole in the highway will be transmitted through 
the drag link l5 to the levers l6 and thence to the 
valve casing 30 to move this casing in one direc 
tion or the other, thus immediately establishing 
or increasing differential pressures in the motor 
22 to overcome the force tending to turn the front 
wheels of the vehicle. The establishment of such 
differential pressures in the motor will be dupli 
cated in the chambers 13 and 14, but the shock 
forces, transmitted to the operator through the 
steering wheel will be very much reduced in ex 
tent because of the relatively small area of the 
diaphragm 69 with respect to the area of the dia 
phragm 21, and the shock forces will be obviously 
transmitted solely through the medium of differ 
ential pressures in the chambers 13 and 14. and 
thus will be cushioned. . , 

It will be obvious that the apparatus functions 
to 'prevent the operator’s having to constantly 
swing the steering wheel back and forth'to main 
Lain the vehicle in the desired line of travel, even 
when the vehicle is travelling in a straight line 
with the valve 3| in neutral position. When the 
valve is in such position there are noforces pres 

‘ cnt tending to take up play between the parts. 
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' ized by a total absence of any arti?cial resist 

5 
but upon any slight turning movement of the 
front vehicle wheels movement will be imparted 
to the motor casing 30 to. move it with respect to 
the valve 3| to immediately establish whatever 
slight differential pressure is necessary to swing 
the front wheels back to a straight line position. 
Moreover, such operation results in immediate es 
tablishment of slight differential pressures in the 
chambers 13 and 14 to take up all play in the me 
chanical connections, thus stabilizing the opera 
tion of the valve mechanism. 
The follow-up operation of the valve mecha 

nism, as stated is such that the play between the 
lever arm 39 and lugs i8 is never taken up in the 
normal operation of the apparatus. However, 
in the event of a failure of power in the motor 22, 
the motor will not cause operation of the lever l6 
and under such conditions the lever arm 39 will 
swing until it engages one of the lugs I8, where 
upon a manual turning of the lever l5 can be 
effected.’ The response of the valve mechanism 
is so rapid and accurate that the play between 
the lever arm 39 and each lug l8 may be relatively 
slight. Emergency manual steering thus can be 
effected without much more play in the system 
than is present in most-manual steering mecha 
nisms in actual use. 
From the foregoing it will be apparent that 

the present mechanism provides for an accurate 
follow-up of the motor 22 with respect to turn 
ing movement of the steering wheel. It is un- ' 
necessary to employ any friction means between 
the two valve units to tend to stabilize the oper— 
ation of such units, the system being character 

ances to turning movements of the front vehicle 
wheels. Without the use of friction or similar 
stabilizing means, the fluid reaction device very 
accurately stabilizes the operation of the appa 
ratus and completely prevents any overrunning, 
creeping or “hunting” of the parts. In practice, 
therefore, it has been found that the front ve 
hicle wheels very accurately remain in a posi 
tion corresponding to the position of the steering 
wheel. 7 ‘ 

Moreover, it'will be obvious that the normal 
.lolts and jars to which a motor vehicle is sub~ 
jected can, and do, tend to affect the positions 
of the valve elements of a vehicle steering mech 
anism. Thus, aside from any tendency‘ of the 
front wheels of the vehicle to turn, a jolting ‘of 
the vehicle frequently tends to move one of the 
valve elements. This would tend to cause a rela 
tive movement of the valve elements to effect at 
least limited energization of the steering motor, 
thus generating power to turn the front wheels, 
the direction of turning of such wheels depend 
ing upon the direction of relative movement of 
the valves. - 
Thus without any turning movement of the 

front wheels of the vehicle or any turning move 
ment of the steering wheel imparted thereto by 
the operator a motor-energizing relative move 
ment of the valves sometimes occurs.‘ It is a par 
ticularly important feature of the present inven 
tion that it functions to prevent turning move 
ment of the front wheels of the vehicle under such 
conditions. It willbe noted that the area of the 
diaphragm 69 (Figures 4 and 5) is much smaller 
than the area of the diaphragm 21 (Figure 1), 
while the volumes of the diaphragm chambers 13 
and 14 are relatively small compared with the 
volumes of the chambers formed in the ends of 
the motor 22.. Thus it will be apparent that upon 
any motor-energizing relative movement of the 
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valve elements 30 and 3|, therefore, differential 
pressure will be instantly created on opposite 

‘sides of the diaphragm 69 and these pressures 
will urge the diaphragm 69 and the valve 3| ,in 
a direction opposite to its direction of displace 
ment. Thus the valve 3| will be immediately 
moved back to its normal position before appre 
ciable energization. of the motor 22 can occur.. 
Thus the diaphragm B9 and its associated ele 

ments function'to prevent an accidental or‘un 
intentional energization of the motor 22. Thus 
the jolting or jarring which displaces the valve 
elements from their normal or neutral Positions 
will not result in a turning of the front wheels 
of the vehicle with the disadvantages and possi 
ble disastrous results which would follow such 
operation. It also will be apparent that preven 
tion of any unintended operation is an inherent 
function of the apparatus and occurs without ef 
fecting movement of the steering Wheel or requir 
ing any action on the part of the operator. As a 
result, the present apparatus permits a vehicle 
to be driven in safety at relatively high vehicle 
speeds which is not possible in any other power 
steering mechanism of which I am aware. 
‘It is to be understood that the form of my 

invention herewith shown and described is to be 
taken as a preferred example of the same and 
that various changes in the shape, size and ar 
rangement' of parts may be resorted to without 
departing from the spirit. of the invention or 
the scope of the subjoined claims, 

I claim: 
1. A power steering mechanism for a motor ve- ' 

hicle having a steering wheel and a steering con 
nection, comprising a motor connected to said 
steering connection, a follow-up control mecha 
nism for said motor comprising a pair of rela 
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tively movable elements one of which is manually ' 
operable by the steering wheel and the other of 
which has mechanical connection with said steer 
ing connection, and means automatically oper 
ative upon a motor-energizing'relative movement 
of said elements for generating 'a force tending 
to oppose such relative movement of said pair of 
elements. 
‘2. A power steering mechanism for a motor 

vehicle having a steering wheel and a steering 
connection, comprising a motor connected to said 
steering connection, a follow-up control mecha 
nism for said motor comprising a pair of rela 
tively movable elements one of which is manually 
operable by the steering wheel and the other of 
which has mechanical connection with said steer 
ing connection, and means automatically oper 
ative upon a motor-energizing relative movement 
of said elements for applying opposite reaction 
ary forces opposing such relative movement of 
said elements. - 

3. A power steering mechanism for a motor 
vehicle having a steering wheel and a steering 
connection, comprising a motorconnected to said 
steering connection, a follow-up control mecha 
nism for said motor comprising a pair of rela 
tively movable elements one of which is manual 
13! operable by the steering wheel and the other 
of which has mechanical connection with said 
steering connection, and a differential ?uid pres 
sure operated device connected to said manually 
operable element and operative upon a motor 
energizing relative movement of said elements to 
oppose suc'; relative movement of ‘said elements. 

4. A power steering mechanism for a motor 
vehicle having a steering wheel and a steering 
connection, comprising a motor connected to said 
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steering connection, a follow-up control mecha 
nism for said motor comprising a pair of rela 
tively movable elements one of which is manual‘ 
ly operable by the steering wheel and the other 
of which has mechanical connection with said 
steering connection, and a differential ?uid pres 
sure operated device connected between the ele 
ments of said pair and energizable upon a motor 
energizing relative movement of said elements to 
create opposing force reactions 7 thereagainst 
which oppose such relative movement of said 
elements. 

5. A power steering mechanism for a motor ve 
hicle having a steering wheel and a steering con 
nection, comprising'a differential ?uid pressure 
motor connected to'said steering connection, a 
follow-up control valve mechanism for said motor 
comprising a pair of valve elements one operable 
by the steering wheel, and means subject to en 
ergization upon a motor-energizing relative 
movement of said valve elements for creating a 
force opposing'such relative movement of said 
valve elements. . 

6. A power steering mechanism for a motor ve 
'hicle having a steering wheel and a steering con- 
nection, comprising a differential ?uid pressure 
motor connected to said steering connection, a 
follow-up control valve mechanism for said motor 
comprising a pair of valve elements one operable 
by the steering wheel and the other in accordance 
with operation of said steering connection, and 
means subject to energization upon a motor en 
ergizing relative movement of said valve elements 
for creating a force opposing movement of said‘ 
?rst named valve element, said means being con- 
nected to the.other valve element for applying 
an opposite force ‘thereto. ' 

'7. A power steering mechanism for a motor ve 
hicle having a steering wheel and a steering con 
nection, comprising a differential ?uid pressure 
motor connected to said steering connection, a 
follow-up‘ control valve mechanism for said motor 
comprising a pair of valve elements one operable 
by the steering wheel, and differential ?uid pres 
sure operated means subject to differential pres 
sures occurring incident to a motor-energizing 
relative movement of said valve elements for op 
posing such relative movement of said valve ele 
ments. - 

8. A power steering mechanism for a motor ve 
hicle having a steering wheel and a steering con 
nection, comprising a differential ?uid pressure 
motor connected to said steering connection, a 
follow-up control valve mechanism for said motor 
comprising a pair of valve elements one operable 
by the steering wheel and the other in accord 
ance with operation of said steering connection, 
and differential ,?uid pressure operated means 
subject to control by said valve elements and 
operable upon a motor-energizing relative move 
ment of said valve elements for opposing vmove 
ment of said ?rst named valve element in either 
direction, said means being connected to the 
other valve element for applying an opposite force 
thereto. 

9. A_ power steering mechanism for a motor ve 
hicle having a steering wheel and a steering con 
nection,‘ comprising a motor connected to said 

, steering connection and having means for con 
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meeting it to a source of power, a control mecha 
nism for said motor having a pair of elements 
one of which is a manually operable element, 
mechanical connections between said manually 
operable element and the steering wheel, and 
automatic means operable by power from the 
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\ same source upon a motor-energizing relative 
movement of said elements for opposing such 
relative movement of said elements. 

10. A steering mechanism for a motor ve 
hicle having a steering wheel and a steering con 
nection, comprising a motor connected to‘ said 
steering connection and having means for con 
necting it to a power source, a follow-up control 

> mechanism for said motor having a pair of rela 
tively'movable elements one of which is aman 
ually operable element, and means subject to op 
eration by power, from the same source as said 
motor and subject to control by said control. 

1.0 

mechanism upon a motor-energizing relative . 
movement of said elements for opposing such 
relativemovement. , ~ 

11. A power steering mechanism for a motor 
vehicle having a steering ‘wheel and a steering 
connection, comprising a differential ?uid- pres 
sure motor connected tosaid steering connection 
and having means for connecting it to a source of 
pressure differential, a follow-up control valve 
mechanism for said motor comprising a pair of ‘ 
valve elements one of which is operable by the 
steering wheel, and means constructed and ar 
ranged to be energized upon a motor-energizing 
operation of said valve mechanism for creating 
an elastic force opposing such operation. 

12. A power steering mechanism for a motor 
vehicle having a steering wheel and a steering 
connection, comprising a di?'erential ?uid 'pres 
sure motor connected to said steering connection 
and having means for connecting it to a source 
of pressure differential, a follow-up control valve 
mechanism for said motor comprising a pair of 
valve elements one of which is operable by the 
steering wheel, and means subject to operation, 
by pressure differential from said source under 
the control of said valve mechanism and oper 
able upon a motor-energizing relative movement 
of said valve elements for opposing such relative 
movement. ‘ 

' 13. A power steering mechanism for a motor 

20 

25 

35 

40 

vehicle having a steering wheel and a steering ‘ 
connection, comprising a di?erential ?uid pres 
sure motor connected to said steering connection 
and having means for connecting it to a source 
of pressure differential; a follow-up control valve 
vmechanism for said motor comprising a pair of 
valve elements one of which-is operable by the 
steering wheel and the other of which is mechan~ 
ically connected'to said steering connection, and 
means subject to operation by pressure differen 
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tial from said source under the control of said 
valve mechanism for opposing any motor ener 
gizing movement of said ?rst named valve ele 
ment, said means being connected to the other 
valve element for applying an opposite force 
thereto. , 

14. A power steering mechanism for a motor 
vehicle having a steering wheel and a steering 
connection, comprising a differential ?uid pres 
sure motor connected to the steering connection, 
a follow-up control valve mechanism for said , 
motor comprising a' pair of valve elements one 
of which is mechanically connected to said steer 
ing connection and is provided with a passage 
connected to each end of said motor, and the 
other of which is operable by the steering wheel 
and movable to selectively connect said passages 
to the atmosphere and to a source of pressure dif 
ferential, and a fluid pressure operated device 
comprising a diaphragm mechanically connected 
to said second'named valve and having chambers 
on opposite sides thereof communicating respec-_ 
tively with said passages whereby said diaphragm 
will be subject to differential pressures upon‘ a 
motor-‘energizing relative movement of said valve 
elements to oppose such relative movement. 

15. A power steering mechanism for a motor 
vehicle having asteering wheel-and a steering 
connection, comprising a differential ?uid pres 
sure motor connected to the steering connection, 
a follow-up control valve mechanism for said 
motor comprising a pair of valve elements one of 

a which is mechanically connected to said steering - 
connection and is provided with a passage con 
nected to each end of said motor, and the other 
of which is operable by the steering wheel and 
movable to selectively connect said passages to 
the atmosphere and to a source of pressure dif 
ferential, and a ?uid pressure operated device 
comprising a diaphragm mechanically connected 
to said second named valve and having chambers 
on opposite sides thereof communicating respec 
tively with said passages whereby said diaphragm 
will be subject to differential pressures upon a 
motor-energizing relative movement of said valve 
elements to oppose movement of said second 
named valve, said diaphragm being also connected 
to said ?rst named valve element whereby differ 
ential pressures on opposite sides of said dia 
phragm create force reactions tending to move 
said valve elements in opposite directions. 
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