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This invention relates to a hydraulic load device_ for
material-testing units having a loading pump with varzal?lp
delivery volume, which pump can be re"Jersed ‘by auxili-
ary force as a function of a load measuring device. uch
load devices may be used both for repstitive siress a_md
for alternating stress. As it is well knpwn, t’(.le reve:w.ble
loading pump delivers fluid into a testing _cylmder during
the loading period and runs as a hydraulic r;zptegunder
the influence of the excess pressure prevailing in the
testing cylinder, during the relief pericd. ) )

With aliternating stress operation, pressure is generated
by the reversible loading pump alternately in tV:JO test-
ing cylinders counieracting each othe? or on the two
sides of a double cylinder, the fluid being pumped from
one testing cylinder into the other.

It will be known to those skilled in the art that the
rate of increase and decrease of the load depends upon
the fluid volume delivered per time unit in positive or
negative direction. The rate of load increase or decrease,
thgrefore, depends on the position of the pump adju§t-
ment member determining the delivery per time unit.
By providing stops for the ac‘-.justment 'member1 o_f the
pump ‘with positive and negative direction <of c:ehv‘ery,
which stops are adjustable independently of each other,
the slopes of the load increase and decrease may be
adjusted by such stops independently of each cther, In
this way triangular or saw-tooth load wave forms mas;
be obtained the steepness of the sides of which can b2
varied by adjusting the stops for the adjustment member.
The amplitude of such load wave depends upcn the ad-
justable load limits, the pump being reversed as soon as
these Iimits are reached. Therefore, the load measuring
device is provided with adjustable contacts which may
be adjusted to the specific desired upper and lower load
Iimits.

Over and above this, in prior art load devices,
not possible without difficulties to influence the
wave form.

This invention has for its object, in a hydraulic load
device of the type described, to gain a greater influence
on the shape of the load waves, in order to bs able to
make them, for example, sine-shaped or to adapt ther
in some other way to the required test conditions.

According to this invention, this is achieved in that
the loading pump is confrolled by a hydraulic coatrel
device with variable characteristics, which device is fed
by an auxiliary pump. The characteristic of the hy-
draulic Ioad device may be varied independently from
the pressures produced by the loading pumip, so that in
combination with the forces of reaction which are a
function of the load pressure and to which the adjust-
ment member of the loading pump is subjected, any
desired adjustment characteristic of this pump adjust-
ment member can be achieved and thereby the load wave
form can be considerably affected.

The characteristic of the control device can be changad
in various manners. Advantagsously the conirol pres-
sure produced by the auxiliary pump is adjustable by a
variable throttling of a secondary outlet. Furthermore
the delivery of the auxiliary pump may be adjustable.
Also adjustable throttling devices may be provided in
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the fluid outlet duct of an appropriate reversing member.
These various adjustment means of the control device
may be balanced with respect to each other and to the
restoring force of the adjustment member in such a
manner that any desired movement characteristic of
this adjustment member is obtained.

An embodiment of this invention is shown schemati-
cally in FIG. 1. FIG. 2 shows a further modification of
this embodiment with alternating stress operation. FIG.
3 shows a load wave.

Referring now to FIG. 1, reference numeral 1 desig-
nates a hydraulic loading pump, which is reversible in
a well known manner by means of a lever shaped adjusi-
ment member 3 pivoted at 2. In the position shown of
the adjustment member 3, in which it abuts an adjust-
able stop 4, the loading pump 1 delivers fluid into a
pressure pipe 5, which is connected to one or more
testing cylinders 23 through a pressure distributor (not
shown), so that a load pressure is produced therein.
if, however, the adjustment member 3 abuts the adjust-
able stop 4’ after a rotating motion, the direction of

elivery of the loading pump has been reversed. In
this case, pump I runs as a hydraulic motor, under the
influence of the excess pressure produced in the testing
cylinder 25. Thus a repetitive stress is produced in the
testing cylinders by cyclic reversal of the adjustment
member 3. Two opposing hydraulic control cylinders
6, &' engage the adjustment member 3, which cylinders
can be comnecied alternately to a control pressure pipe
8 and finid cutlets 9, 9 through a distributing slide valve
7. 'The fluid outlets 8, @ are provided with adjustable
throttle valves 18, 1¢’. The fluid pipe 8 is fed by an
auxiliary pump 1I driven by an electric motor 1Y/, the
delivery of the pump 1% being adjustable by means of an
adjustment member 12. An adjustable throttle valve
14 connected into an outlet pipe 13 permiis an adjust-
ment of the control presure produced by the auxiliary
pump 11,

A measuring piston 15 is connected to the pressure
distributor of testing cylinders 25 by pipe 5 wherein
the pressure produced by the loading pump 1 prevails.
This piston abuts a yoke 17 loaded by tension springs
16, 16’. An actuating member 1§ is connected with the
yoke 17, which member actnates two fluid valves 19, 1%
arranged at an adjustable distance from each other. The
fluid valve 19 is provided in a pressure pipe 28 which is
connected to the auxiliary pump 11 and leads to a control
chamber 21 of the distributing slide valve 7. The pres-
sure in the contrel chamber 21 is opposed by a restoring
spring 22 of the distributing slide valve 7.

The fluid valve 1%’ is connected intc an outlet pipe 23
which leads from the control chamber 21 to a fluid sump
24.

The mode of operation of the described load device is
as follows:

By the load pressure produced by the loading pump 3,
the measuring piston 15 is moved outwards (downwardly
in FIGURE 1) against the action of the tension spring
16, 16’ until the actuating member 18 actuates the fuid
valve 19’. This fluid valve is so adjusted in the direction
of movement of the actuating member 18 that it is actu-
ated as soon as the desired upper load limit is reached.
By cpening of the fluid valve 1%’ the pressure is removed
from the control chamber 21 of the distributing slide
valve so that the restoring spring 22 can change over
the distributing slide valve. Thereby, the control pres-
sure pipe 8 is connected to the hydraulic control cylin-
der &’, and the control cylinder 6 is connected with the
outlet 9. By this process, the adjustment member 3 is
rotated to the stop 4 and the loading pump is conse-
quently, reversed. The load pressure decreases and the
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measuring piston is moved inwards (upwardly in FIG-
URE 1) by the tension springs 16, 16’ until the actuating

member 18 actuates the fluid valve 39. This valve is -

adjusted to the desired lower load limit. Upon opening
of the fluid valve 12 a pressure is produced in the contro}
chamber 21, by which pressure the distributing slide
valve 7 is changed over again against the action of the
restoring spring 22. Thereby the control cylinder 6 is
connected io the pressure pipe 8, and the control cylinder
6’ is connected to the outlet 9’, and consequently the
loading pump 1 is again reversed to positive direction of
delivery so that the loading process described is repeated.

In FIG. 3, a repetitive stress wave is shown for the
purpose of explaining the adjustment means. If it is as-
sumed that the adjusting speed of the control cylinders
6, 6, is very large and their setting forces overcome all
restoring forces of the loading pump 1, a sudden reversal
of the loading pump takes place. Thereby, a triangular
load wave form is obtained, which may consist of equi-
lateral triangles or of saw-tooth waves depending upon
the adjustment of the stops 4, 4. The angles « and g
are functions of the adjustment of the stops 4, 4’ by which
the delivery of the pump is determined. The minima
and maxima of the load wave depend upon the positions
of the fluid valves 19, 19,

By adjusting by means of the throttle valve 14 the
control pressure produced by the auxiliary pump 11, pro-
vision can be made that the forces of reaction of the
loading pump 2, which forces increase as the pressure
increases, balance the setting force of the control cylinder
6, before the upper load limit has been reached, so that
no sudden reversal of the loading pump 1 takes place.
Thereby, the load wave form gets the rounding off
shown in dashed lines at g, the shape of which depends
on the adjustment of the control pressure at the throtile
valve 14. A similar rounding off b of the load wave in
the range of the lower load limit can be achieved by ad-
justment of the delivery at the control member 12 of the
auxiliary pump 11, whereby in combination with the out-
let throttle valves 10, 10’ the adjustment speed of the
control cylinders 6, 6’ can be varied. Thus it is possible
to influence the shape of the load waves in any manner
and to adapt them to the testing conditions by proper
balancing of the auxiliary force adjustment means 14,
12, 10, 10’ with respect to the present force of reaction
of the pump adjustment member 3.

With alternating stress tests, two separate measuring
pistons 15’, 15" for actuating the fluid valves 19, 19’ are
provided as shown schematically in FIG. 2, which pistons
are cperative alternately corresponding to the alternat-
ing directions of load.

Instead of the hydraulic control of the distributing slide
valve 7 shown here, this control can also be effected for
example by electric switches and magnet forces.

‘What we claim is: -

1. In a testing apparatus having a load device the im-
provement including: a loading pump-motor connected to
said device and having control means movable between
two positions, in one position of said control means said
loading pump-motor acting as a pump to deliver fluid
to said device at a first rate, in the other position of said
coatrol means said pump-motor acting as as motor in
response to fluid under pressure from said device at a
second rate; and actuating means connected to said load-
ing pump-motor to move said control means to said one
position when the fluid pressure at said load device is
at a predetermined minimum and to move said control
means t0 the other position when the fluid pressure at
the load device has reached a predetermined maximum.

2. In an apparatus as set forth in claim 1 including:
means fo vary the speed at which the actuating means
moves said control means from said other to said one
position upon said fluid pressure reaching said predeter-
mined minimum, and to vary the speed at which said ac-
tuating means moves said control means from said one
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to said other position upcn said fiuid pressure reaching
said predetermined maximum.

3. A testing apparatus for use with a load device and
comprising in combination: a loading pump-motor means
having a pressure pipe and control means movable be-
tween a first position at which fluid under pressure is de-
livered to the pressurc pipe at a first rate and a second
position at which fluid is withdrawn from the pressure
pipe at a second rate, said pressure pipe being connected
to the load device; and pressure responsive actuating
means connected to said loading pump-motor means to
move said conirol means to said one position when the
fluid pressure in said pressure pipe is at a predetermined
minimum and to move said control means to the other
position when the fluid pressure in the pressure pipe has
reached a predetermined maximum,.

4. In an apparatus as set forth in claim 3 including:
means to vary the speed at which the actuating means
moves said control means from said other to said one
position upon said fluid pressure reaching said predeter-
mined minimum, and to vary the speed at which said
actuating means moves said control means from said one
to said other position upon said finid pressure reaching
said predetermined maximum.

5. A testing apparatus for use with a load device and
comprising in combination: a loading pump-motor means
having a pressure pipe and control means movable be-
tween a first position at which fluid under pressure is de-
livered to the pressure pipe at a first rate and a second
position at which fluid is withdrawn from the pressure
pipe at a second rate, said pressure pipe being connected
to the load device; fiuid cylinder means operatively con-

" nected to said control means to move said control means
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between said two positions; finid supply means; and pres-
sure responsive means connected to said pressure pipe
and including valve means actuated first upon occurrence
of a predetermined minimum fluid pressure in said pres-
sure pipe and actuated second upon occurrence of a pre-
determined maximum fluid pressure in said pressure vipe,
said responsive means being connected to said fiuid supply
means and to said fluid cylinder means to move said con-
trol means to said one position when the fluid pressure
in said pressure pipe is at a predetermined minimum
and to move said control means to the other position
when the fluid pressure in the pressure pipe has reached
a predetermined maximum.

6. A testing apparatus for use with a load device and
comprising in combination: a loading pump-motor means
having a pressure pipe and control means with a pivotable
control shaft movable between a first position at which
fluid under pressure is delivered to the pressure pipe at
a first rate and a second position at which fluid is with-
drawn from the pressure pipe at a second rate, said pres-
sure pipe being connected to the load device; a first fluid
cylinder operatively connected to said shaft to move said
shaft from said first to said second position; a second
fluid cylinder operatively connected to said shaft to move
said shaft from said second to said first position; fluid
supply means; pressure responsive means connected to
said pressure pipe and including valve means actuated
first upon occurrence of a predetermined minimum fiuid
pressure in said pressure pipe and actuated second upon
cccurrence of a predetermined maximum fluid pressure
in said pressure pipe; and a distributing valve device con-
nected to said fluid supply means, to said two fluid cylin-
ders and to said responsive means to supply fluid to
the second cylinder when said valve means is first actu-
ated and to unload the first cylinder, and to supply fluid
to the first cylinder when said valve means is secondly
actuated and to unload said second cylinder.

7. In an apparatus as set forth in claim 6 wherein,
said fluid supply means includes an auxiliary fluid pump
with means to adjust the fluid delivery thereof.

8. In an apparatus as set forth in claim 7 wherein,
said means to adjust the fluid delivery includes a bleeder
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valve connected to the pressure side of the pump to by-
pass a portion of the fluid from the pump.

9. In an apparatus as set forth in claim 7 wherein,
said apparatus includes means to control the rate at
which each fluid cylinder is unloaded when said valve
means is actuated,

10. A testing apparatus for use with double acting
load applying means, said apparatus comprising in com-
bination: a loading pump-motor means having two pres-
sure pipes and control means movable between a first
position at which fluid under pressure is delivered to
one pressure pipe and returned from the other pressure
pipe at a first rate and a second position at which fluid
is delivered to the other pressure pipe and returned from
the one pressure pipe at a second rate, said pipes being
connected to said load applying means; and pressure re-
sponsive actuating means connected to said loading pump-
motor means to move said control means to said one
position when the fluid pressure in one pressure pipe is
at a predetermined maximum and fo move said control
means to the other position when the fluid pressure in
the other pressure pipe has reached a predetermined maxi-
mum.

11. In an apparatus for operating a hydraulic load
device from a pump-motor connected to said device and
having control means movable between a first position
at which fluid under pressure is delivered to the device
at one rate and a second position at which fluid is with-
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drawn from the device at a second rate, the improvement
comprising: fluid cylinder means operatively connected
to said conirol means to move said control means be-
tween said two positions; fluid supply means; and pres-
sure responsive means connected to said 1oad device and
including valve means actuated first upon occurrence of
a predetermined minimum fluid pressure at said load de-
vice and actuated second upon occurrence of a prede-
termined maximum fluid pressure at said load device,
said responsive means being connected to said fluid sup-
ply means and to said fluid cylinder means to move said
control means to said one position when the fluid pres-
sure at said load device is at a predetermined minimum
and to move said control means to the other position
when the fluid pressure at the load device has reached
a predetermined maximum,
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