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To all thom, it may concern: 
Be it known that I, CEIARLES FRANKLIN 

BRADBUIN, of the village of Delmer, in the 
county of Oxford and Province of Ontario, 
Dominion of Canada, have invented certain 
new and useful Improvements in Shock 
Absorbers, and I hereby declare that the 
following is a full, clear, and exact descrip 
tion of the same. 
This invention comprises a means by 

which, in a liquid filled cylinder containing 
a piston or double piston or plunger, the 
liquid may be made to offer a controllable 
variable resistance to the movement of the piston, the resistance varying with the posi 
tion of the piston in the cylinder and the 
direction of its motion. This resistance op 
poses the motion of the piston, within the 
cylinder, by exercising a retarding influence 
upon it, and may be made to vary within 
and decrease in respect of the position of the piston within the cylinder. By suitably con 
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necting one portion of the mechanism, the 
piston by preference, to the body of a vehi 
cle, and the other portion of the mechanism, 
viz.:- -the cylinder, to the running gear, this 
varying resistance of the liquid may be uti 
lized to perform the functions of a shock 
absorber, i.e., to prevent the sudden contrac 
tion of the springs to their compression 
limits, or expansion to their elastic limits, or 
beyond. 
Gas may be employed as a resisting me 

dium, but in this case, in addition to a re 
tarding influence, there will be also a sec 
ondary accelerating influence, due to the 
pressure gas gives under confinement or par 
tial confinement, because of its elasticity, 
and in these specifications I shall limit my 
description of the operations of the inven 
tion more particularly to the case in which 
a liquid is used as a medium, and of liquids, 
oil will possess advantages. 
When the running gear of a vehicle en 

counters a sudden elevation in the roadway 
it rises and momentarily compresses the 
springs, against the weight of the body of 
the vehicle, which immediately expand and 
lift the vehicle body from its normal posi 
tion with relation to the running gear. Ow 
ing to the compression of the springs result 
ing from the inertia of the body, the piston 
will reach the lower limit of its stroke with 
in the cylinder. Following this, the body of 
the vehicle will rise under the elasticity of 

its springs, and be carried to a point or 
plane higher than that represented by the 
simple elastic limit of its springs; during 
which, the piston will rise to the upper limit 
of its stroke. Following this movement, 
the body of the vehicle will fall under grav 
ity and the retractive action of the distended 
springs, the latter again reaching their mid 
position, and the piston of the mechanism 
its mid position in the cylinder. 
The movement outlined is an extreme or 

primary movement which will always be 
followed by secondary movements or oscil 
lations, due to the reaction of the inertia or 
weight of the body and the elasticity of the 
springs. For simplicity. Sake, we will treat 
these movements as constituting a simple 
rise and fall of the piston within its cylin 
der. The half stroke or mid position will 
correspond or approximate at least to the 
normal position of the springs, that is, their 
position when the vehicle is at rest under its 
weight and normal load. The design roughly depicted herein is one 
in which the mechanism is intended for 
ordinary use and is such as to cause the 
liquid to give practically negligible resist 
ance to the piston as it moves across the mid 
dle transverse planes of the cylinder, and in creasing resistance as the piston approaches 
either end of the cylinder, the maximum re 
sistance being attained by further displace 
ment of the liquid becoming impossible as 
the piston reaches either limit of its stroke: 
a slighter resistance occurring the instant of 
reversal which rapidly decreases as the pis 
ton moves inwardly or toward its mid-posi 
tion, becoming negligible at points nearer 
the limits of its stroke than the points at 
which negligible resistance ceases, when the 
piston moves outwardly from its mid posi 
tion. 

Different resistances, both in respect. to 
the amount of resistange opposed to the pis 
ton and to the rates of variation, having re 
gard for the piston's position and direction 
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of advance, may be obtained by variations 
in the details of the construction of the cyl 
inder to meet any practical case required, 
within the limit of engineering practice. 

Furthermore, the invention comprises a 
means by which the length of the piston 
stroke and amplitude of oscillation or throw 
of the vehicle sprino's may be varied. and ex 
treme compression and extreme distention of 
the springs both be prevented, and these re 
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have bolt holes suitable for the attachment 55 

60 

(35 

with the mid 

17s a trainSVerse Secti --- - - 

cylinder and one of the piston heads; 
Fig. 3, shows a perspective view of the able. pision or plunger. 

Like characters of reference refer to like 
parts throughout the specification and draw 
i FagS. 

o, is a cylinder having cylinder heads a 
and a'. The head a is removable, and the head a' carries a cornecting block 1. 

b is a removable lining, containing a 
groove or several similar grooves f, forming 
a by-pass, or by-passes for the liquid from 
one side to the other of the piston. 
p represents the middle point, or trans 

verse plane of the cylinder, and coincides 
position or half stroke of the piston. 

p' and p’ represent points or transverse 
planes, equidistant from p above, and below 
respectively, while g and g are points or 
transverse planes beyond p' and p', and 
also equidistant from p, and from their re 
spective ends of the cylinder, the distance 
p'-g or p'-g' being slightly less than the 
extreme length of the piston to be described. 
The groove h is of varying cross section, 

and is greatest between the points p and 
p'. From p' outwardly and upwardly, the 
cross section of the groove gradually de 
creases, and the groove terminates at 9, Sim ilarly from the point p outwardly, or 
downwardly, the groove tapers or dimin 
ishes in cross-section and terminates at 9. 
These points g and g mark the limits of the 
piston stroke. - 

e is the piston, or double piston, haying 
two like heads c' and c' separated and in 
closing a space of chamber . Thus the cyl 
inder is made to contain three. Spaces or 
chambers k, k’ or k' within the piston 
head; k' above, and k' below the piston 
head, all spaces being kept filled with the liquid resisting medium. 
d is the piston rod carrying the piston 

head a at its lower end and at its upper end 
These blocks l. l. 

of clips or such devices as may be used to 
effect connections with the body and run ning gear of a vehicle, or with opposing por 
tions of the vehicle springs, but no particu 
lar type of connections is shown here, since these will vary greatly in different types of 
vehicles. The piston rod d is threaded at 
its lower end and extends through borings 
in the piston heads o' and c'; the head o' 
being held in place by the threaded collars 
or nutse and f while the head o' is held by 
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heads may be aff 
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the colia's e' and ". 
said collars. and should be in a Vininetirica. , 

is, if we take a point 
from the inner facas o. 
this point should iie in 
piston is at half stro 
The piston heads 6' aid 
passages or ports 6, 4'," 
these ports are 
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tached to the valve stems. 
mits a passage or fow of 
dium from the space A. to the space : When 
ever there is an excess of pressure in the 
space & over that in the space k". Similarly 
the valve g’ opens into the space ic' whenever 
there is an excess of pressure in the space R. 
While, if there is a defect of pressure in , in 
respect of fe', the valve g will be held closed, 
or if the pressure in is in defect of ic', the 
valve g’ will be closed. When the piston is 
traveling toward the upper end of the cylin 
der, the valve g will be held closed, and 
when moving, toward the lower end of the 
cylinder, the waive g’ will be closed. When 
the piston starts on the down stroke, the 
valve g will open at the instant of reversal, 
and remain open at least until the entire 
length of the piston is alongside the broad 
ened part p'-p', of the groove h, and sim 
ilarly, when the piston rises, the valve g 
will open at the instant of reversal, and re 
main open at least until on the upstroke, the 
entire length of the piston is alongside this 
broadened part of the groove. The lower 
valve g’ is provided with a spring t to coun 
terbalance its weight, but the valve g' does 
not require a spring unless the mechanism be 
used in some unusual adaptation in a hori 
zontal position, in which case, both valves 
will need springs to compensate for their 
inertia if the highest balance in operation 
be desired. t 
The piston c, in respect of the groove h, 

acts as its own valve to control the flow of 
the medium across the edges of its heads 
from any one chamber or space to any other 
or others, and the extreme length of the pis 
ton, that is, its length in maximum spacing 
should be such that at the end of a full 
stroke, the inner edge or face of the inner 
piston head should fall slightly within the 
tapered part of the groove corresponding 
to the particular end of the cylinder at 
which the piston may be, that is, should pass 
the points p' and p' in the outward travel. 
By “inner piston head” is meant the par 
ticular head that, at this phase of the cycle, 
lies toward the plane p, and by “inner face” 
is meant that face of the same which bounds 
one side of the space or chamber k within 
the piston head; the term “inner” referring 
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to position within the cylinder in the first 
case, and in the last case, to position upon 
or within the double piston head. The cyl 
inder is provided with a small reservoir in 
having a force screw in by which, when a 
stop cock o is opened liquid may be forced 
into the cylinder to refill it and then com 
pensate for anv loss therefrom. From the 
foregoing description the full operation of 
the mechanism will now be easily under 
stood. 

Let the piston be connected with the body 
of a vehicle and the cylinder with the run 
ning gear. Let the springs of the vehicle 
be at mid position with the piston of the 
mechanism at mid position or the point p. 
Let the movement of the piston be con 
sidered as a simple rise and fall within the 
cylinder and let the extreme case be taken, 

20 viz.:-that in which the piston moves to the 
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limits of its travel and completes two full 
strokes. Then as the piston falls toward 
the end a' of the cylinder a, there will ob 
tain an excess of pressure of liquid in the 
space ic' over that in the spaces k and k', 
the valve g’ will remain closed and a flow 
of liquid will occur from the space k' to 
the space k through the groove h across the 
edge of the piston head c' and the ce to the 
space k' through the groove h across the 
edge of the head c'. The valve g may open, 
but this is immaterial, the determining fac 
tor of resistance being the cross Section of 
the groove h directly in line with the outer 
or advancing surface or face of the piston 
head o'. The resistance encountered by the 
piston however will, owing to the large 
cross section of the groove, be practically 
negligible until the advancing face of the 
piston c' registers with the point p', thence 
afh increasing resistance will set in and this 
will attain a maximum as the advancing face 
of the piston registers with the point q' and 
cuts of the flow from Ik', this point mark 
ing the limit of the downstroke and the im prisonment of a portion of the liquid in the 
lower end of the cylinder to cushion the 
blow. 
On the upstroke at the instant of reversal 

the advancing face of the piston c meets an 
unbalanced pressure in the space k' which 
causes a flow of the medium from the space 
le' to the space : through the groove h and 
thence into the space k, this excess of 
pressure being transmitted to the space k or 
chamber of the double piston and causing 
the valve ('to open and allow a flow through 
the passage r" and into the space k'. The 
valve g will not be opened as the pressure 
of k cannot at this phase exceed the pressure 
within k' and hence the controlling factor 
of resistance will be the cross section of that 
particular portion of the groove h that may 
lie directly in line with the inner or re 
treating face of the piston head ('' that is, 

8. S. 

that face of c' which bounds the central 
chamber, the magnitude of the above cross 
section being the measure of the flow from 
the space i? to the space k and thence to the 
space :''. As the retreating face of c' above 
nientioned moves across successively greater 
cross sections of the tapering portion of the 
groove, tile resistance dinninishes and when 
this face registers with the point or plane, 
p' the resistance becomes a minimum and 
practically negligible and remains so until 
the advancing face of c' reaches the point 
p'. From this forward, the resistance in 
creases, the determining factor being the 
magnitude of the cross section of the groove 
that for the instant registers with the ad 
vancing face of the piston in this phase of 
its upward stroke or travel. When the said 
face reaches the point q, the resistance at 
tains its maximum, the flow is cut off and 
a portion of the liquid is imprisoned in the 
upper end of cylinder to cushion the blow 
in like manner to the action described as 
resulting when the piston terminated its 
antecedent downward half stroke. Then 
finally, in brief, as the piston reverses its 
motion and travels downward to the mid po 
sition plane p and to the completion of a full 
primary cycle or two complete strokes, there 
will be a flow from :'' to k; through the 
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groove h and thence mostly through the 
valve 
will be held closed. The resistance factor, 
similarly to the corresponding case, before 
described, will be determined by the magni 
tude of the particular cross section of the 
groove h that may from instant to instant 
register with the retreating surface or face 
of the piston head c'; that is the face c' 
which bounds the space k or piston chamber. 
This resistance as before, decreases until the 
above face registers with the point p' and 
from this forward to the completion of the 
full cycle or return of the piston to the mid 
position p, the said resistance is at a mini 
II. 's- 
The description of the action of the sec 

ondary oscillations or incomplete strokes 
will be obvious, and, in short, as the pis 
ton moves across the central transverse 
planes of the cylinder, the resistance is a 
minimum, and as it. approaches either end, 
an increasing resistance sets in and gradu 
ally becomes a maximum terminating the 
full strokes of the piston, while as the pis 
ton reverses its motion at either the upper 
or lower limiting positions a considerable 
resistance is encountered which, as the pis 
ton travels toward mid position, soon de 
creases to a minimum and remains so while 
the travel of the piston is across the afore 
said middle portions of the cylinder; that 
is, while the double piston in its entire length 
is moving alongside the broadened portion 
of the groove. The spaces through which 

g to the space k, while the valve g’ 
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increasing resis 2500 acts as the pistoia ad 
vances toward either end of the cylinder are 
much greater than the spaces through whic 
decreasing resistance acts as the pistor. 
cedes from either end of the cylinder. The 
connection between the action of the mech 
anism and the movements of a vehicle body 
and its running gear and the relationship 
to the reactions of the inertia of a body and 
of the elasticity of its springs are now suf 
ficiently evident not to require further de 
Scription. A single point may be noted, 
when the piston heads are most widely . 
spaced and the extreme stroke made shorter, 
the recessional or receding resistances are 
small, and when the spacing of the piston 
heads is least and the extreme stroke made 
greatest, the resistances are great, that is, 
are small and great, having regard for the 
full or extreme strokes. 
The advantages of a construction of this kind for shock absorbing purposes are plain, 
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inasmuch as it furnishes a control in respect 
to resistances that cannot be duplicated in 
any system of springs. Many shock ab 
sorbers do not relieve the springs of a ve 
hicle either from undue compression or dis 
tention. The bouncing effect of springs is 
particularly well taken care of, so that the 
inertia of a vehicle body does not tend to jerk up the running gear, and allow, in the 
case of an autonoblie, the traction wheels to 
lose, their grip and cause “racing’ or “skidding”. 

if the resisting medium employed be air, 
Ci' other gaseous mixture or gas, the inven 
tion possesses many advantages, as we may 
imprison in the ends of the cylinder suffi 
its stroke, but not enough to bounce it, as 
in the case of a mechanism in which all the 
gas, or at least half the contents of the cyl 
inder is compressed alternately in the ends 
of the cylinder. Of course, in using this 
mechanism as a pneumatic or gas shock ab 
sorber, the passages will need to be much 
larger and although the general design 
will remain unchanged, the particular pro 
portions of parts will require modification. 
Having thus fully described the nature of 

my invention, what I claim as new and de 
sire to secure by Letters Patent, is:- 

1. A shock absorber comprising a liquid 
filled cylinder, and a double piston therein, 
Said piston containing a chamber, having 
ports with valves opening outwardly, the 
cylinder having a longitudinal groove of a 
varying cross section to cause the liquid 

3C offer a variable resistance to the motioia of the piston relatively to the cylinder. 
2. A shock absorber comprising a liquid 
fied cylinder, and a double piston therei 3. 

aid piston containing a chairaber, having 
2CSWith valves opening out Yardly, the ylinder having a longitudinai groove of a 
Varying cross section, to cause the liquid to 
offer a variable resistance to the motion of 
the piston relatively to the cylinder, this re 
sistance being negligible as the piston moves 
from its mid-position outwardly across the ls. 

65 

70 middle transverse planes of the cylinder, but 
increasing as the piston approaches the limit; 
of its extreme strokes and reaching a maxi 
muan thereat, this resistance rapidly de 
creasing when the piston reverses its mo 
tion at either of these limits and becoming 75. 
negligible when the piston continues its 
travel inwardly toward its mid-position or 
mid-stroke. 

3. A shock absorber comprising a liquid 
filled cylinder, and a double piston, said pis 80 
ton containing a chamber, having parts with 
valves opening outwardly, the cylinder hav 
ing a longitudinal groove of a varying cross 
section, to cause the liquid to offer a variable 
resistance to the motion of the piston, and 
in Such manner that the resistance is prac tically.negligible as the piston moves across. 

... the middle portions of the cylinder, but in 
creasing as the piston approaches the limits 
of its extreme strokes, and, as the piston re 
verses its motion to recede to mid-position, 
capable either of rapid or of instant de crease to negligible. proportions. 

4. A E. absorber comprising a cylin 
der, and a piston therein, said cylinder hav. 
ing a removable lining, having a lengthwise 
groove of variable cross section, and said 
piston having a chamber with ports con 
trolled by outwardly-opening valves. 

5. A shock absorber comprising a cylin 
der, and a piston therein, said cylinder hav 
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ing a lengthwise groove of variable cross 
section, and said piston having a chamber 
with ports controlled by outwardly-opening 
valves. - a 

6. In a shock absorber comprising a liquid 
filled cylinder and a double piston, a means 
of varying the length of the extreme strokes 
through variation in the spacing of the pis 
ton heads. - 

Toronto, July 17th, 1914. 
CHARLES FRANKLIN BRADBURN, Signed in the presence of . . . . 

C. H. RICHEs, . 
EDw ARD S. BERNSTEIN. . 
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