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FLUID POJER SYSTRMS OF TESTING MACHINES

Hydraulicslly-operated testing mechines have been in use for more then
a century, The most notable machines on record are a 130 ton unit built in
1829 in Wales, a 1,000,000 lbs mechine built in 1865 for e commorcial teste
ing laboratory in London, and a 1,000,000 1b, testing mashine built in 1879
hy the A, li. Bmery Company for Vetertown Arsenal. Hozt of the manufacturers,

however, utilized a mechanicel drive for most of their standard testing

equipment, mnd not until during the last generation has the lql'drnnhdlr
operated units reached their peak in popularity. Today hydraulicelly-operated
toating maehines hold the majority over the former mrtsndeserew combination
powered wnits., This, of course, sccountes for my interest, ss = %esting
machine engineer, in a society deosling with fluid power systems, T foel that
an exchsnpge of idens and proper discussion will be of bemefit to us alle

Fluid power units as used in testing mechines mmallquuwh
eperation, more flexible in control, mmd more dursble, with less meintenance
then the Tormer mechsmicel drives. However, they do have ono disedventage, .
It is difficult to maintain a constmnt deformstion, because of leakspe, '1*&-
out some elaborate controls, :

Machines for the mechanical testing of materials usually contzin elements
for gripping the specimen, for deforming the specimen, end for measuring the
load rocuired in the performance of this deformation. In most gehoral purpese
testing mechines, the deformation is controlled as the independont variable
and the resuiting load measured. .

™n order to understand the problems uu.m.g to a testing mechine fluid
power systemy will you refer with me to o schematic arrangenent of the machine
a8 shown on 51ide 1?. You will notice that the gylinder and rem form » hase

for the machinee A work teble is mounted on the top of the rem end rising
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which wo normelly term = tansion crosshesd, Rising from the coylindsr is
another pair of colwmms whish src comneoted at thelr top by mmother intere
modiste orosshead, This peir of coliwrms are offten mede in the form of
sorews so that this crosshead may be positiomed for verious lengths of test
specinens, You will notice thet az prossure is applied to the underside of

the ram, the tension erosshead, the teble, and the ran will raise as » wnit,

Since the intermedints arosshead iz a part of the fixed portiom of the

machine, = specimen pleced hetmeen the table end intermediste orosshesd will
be compressed, snd a specimen placed between the Intermediste and top crosse
hoad will be tensionad, In either test, the pressure in the grlinder nay be
tronsmitted to a precision pauge and this unit calibrated to resd the load
on the specimen directly in poumds, In this arrangement tho oylinder end ran
must be preeision ground and lapped, send comriructed without peckin:s so that
the inherent friction between these two unitz is held to » minimem,

Anothor form of this tesating machine is shown in Slide 2, This scheme
is used when we must meet a specification requiring that the load mescuring
systom have no hydrsulie comnection with the load producing systeme, The
upper portion of this machine is the seme a3 tho ons in the previous sketeh
but the eylinder and rem may be Luilt with : comventlonel stufling Lox and
packings The oylinder head is formed by = hydrmilic capsule, This hydraulie
ocapsule is backed up Ly a lower erosshead to which tho columms or serows
carrying the intermndinte erosshead mre attached, These sorows are then
stayed to the oylinder with flexure plates so that they are restreined Lo move
in a verticsl plane onlye The hydrsulle cepsule i3 a frictionless deviee con-
taining a thin film of oll, sealed by & ‘laphragn, The resctlon of tho load
on the specimen is picked up by this hydrsulie c:psule and the pressure then

transnmitted to the measuring devico. You will notice that the friction of the
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pecking on the rma or between the ran mad cylinder doos not affect the
weighing gystem, In each of these machines the loed meesurement is a2 face
tion of hydraulle pressure, The mein differencs between the two schemes is
_in the method of indicating the loead on tho spacimeng i.0., whether the
welghing system is oconnected or mot eomnected hydraulically with the lesd
producing systeme _

As we montioned before, in most of the fluld powered testin:s machines
the load measuring system also becomes a hydreulic system, ‘The instﬁmnts
used for indicuting this load on the specimen are of the precision Bourden
tube gsuge type or a pendulum driven by = smell sylinder and niston, or one
of the more recent mullebalance indigators having multiple renpes o the ssme
dial, Any of these loading indicating systems may be used with either errangee
ment of the testins mechine,

In the load producing system, sensitivi‘y of control is of rrest fmpore
tonce. Other factors are range of losding speeds, congt-nt diseharre wnder
wurying prossures and freedom from losding puleetions. Contrellins snd A48«
eharge of the puwsp will pernit an unbroken gradetion of speed variatiems,
from zoro to maximm, end the meximm is entirely dependent om the eansolty
of the pump im relation to the ra: dismeter of the testing machina,

If we will refer now to Slide 3, we will review some of *he tmias]l clire
ouit diagrams of fluld powered testing machines, M t'w eurly Juwys, » motor
driven fixed stroke pump was dimetly comnected %o the aylinder of the teste
ing mechine, A manually controlled hy-pass walve bled the pusp Aisghar-s 4o
the tenk, With this Lyepass valve, the operator could opply loads s the

cpoehd slowly or rapidly in increments or desrcase the lead sm the smeoimen

mereoly by openiag or closing the orifice the proper mmount, In the sacond
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diagram a notorized variable discharge pump was connected to the cylinder

and, as befors, e by-puss valva provided, A main control whool was provided
for displacing the crosshead of the multiple piston pump and theroby verying
the flow from the pump end the application of load to the specimen, In some

oases, a oma of uniform 1if't per unit of rotation wes used to stroke the

pumpe In both instences, the use of the lﬁ-paas ;:aln edded some refinement
to the comtrel of the rem speeds In oach of thess cases, sn operstor had to
beoome vor dept in the wenipulstion of these vslves or pump stroking de-
vicen, in order to follow unilormly the deformation of the specimen, A
difficulty erose from the faet thet there wes a minute amount of oll leakage
in the puwpe directly proportiomel to the pressure., This smuounted tc only
four or five per cemnt of full discharge or less and ordinarily could be
neglected, except thet in testing mschine work extremely slow speeds of ram
movement are required, such as down to possibly 1/100 inches per minute,
which ealled for an almost infinitely small discharge from the pump, Conse=
guently [l of discharge capacity loomed up as » large loss and at some prese )
sure in the test the effective discharge from the pump became gzero. Thh was
overcome, of course, by msnusl adjustment of the by-pass control &r pump cone
trol but this was soon changed by the development of auteomatic sdjusting con=-
trol devices,

The disgrams thon changed to those appearing on Slide L, These are the
circuit diagrans of most of the fluid poworod testing machines produced in the
United States today. In one case, the flow from a constant volume pump passes
through an adjustsble orifice to the cylinder, Inserted in this system is a
sompensating valve ;:paruta:l by differential pressures snd dependent upon the

setting of the adjusteble orifice., Whenever the balanco becomes disturbed by

leakare in the pump, the compensating valve operates sutomatically to maintein
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tais differential pressure sorcss the orifice, and allowing the excess dise
charge to retwrn to the oil reservoir, Some of the testing machine manuie
fecturers designad and built their owm particulsr version of this compense-
ting valve and in these cases the compensating valve and needle velve sre
two separate units, Other msnufecturers, however, use comsercis’ly available
flow sontrol units as built Ly Viekers, Incorporated, Double ! Products, or
fiacine, ‘

In additian to these controls our cemprny developed the disphragm type
of oontrol for spplication to a varisble discharge radial piston pump as
nenuflectured by American Euginsering Compmuy or the Yorthern Ordnance Company,
This coutrol is mounted on the side of the punp and conmects direetly with the
sliding ring in waich the pistons of the pump retete, This ie olso a Aiffere
ential pressure dovice controlled by the position of sn adjustabls orifice,
but we inoresse or decresse the diseharge from the pump ly chenging the stroke
of the pump directly, in order to maimtain this differential seross the orie
fice, With these systems, constant discharpe umder varying pressure is sutoe
maticelly maintained without hunting or eny visible adjusting effects which
might otherwise disturd the smooth courss of load spplication, Yo our oircuit
a oontrol valve is built with a needle stem in the mein valve stem, The neodle
valve is then used for low speed r:inges snd the main walve stem for higher
speed renges., The needle valve is very useful for setting testing speeds »nd
the mein walve for positioning speeds or for spee iing up £ho mechine ~f'ter the
yiecld point has been reached. The two speeds sre additive, one upon the other,

In eddition to this speed oomirol vulve, the Lyepnss velve is ztill used

a8 in the circults showm previcusly, snd this velve adds a large measuro of
flexibility to the machine, The by-pess valve cen be used for releasing the
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oylinder pressure to bring the ram beok to its starting peint, or ocsn de
ugod as explained before, to reise or lower the loads at the will of the
operator, The speed of these operations depends upon the speed control
velve sotting, Oscillating or repeated loadings can be applied mermually
with this by-pass. In fact, surprising flexibility of load application can
be thus obtained by proper msnipulation of this valve,

Loads cen be brought up to any dosired point end held there for a reees
sonable length of time, elther by the use of the flow oentrol or spoed cone
trol wilve, graduslly closing it to a cubteout position or else by use of the
byepass valve, Any setting of the hy-pass also gives e balanced hydraulic
mdmw-mmwmmouummﬂnm
hmmmtpmm.mmmumm. This
will meintain itself until the oil viscosity chenges due to the heat of the
oil when it will take somo lower position, It should be noted that as long
a8 the Lyepass is opening or olosing, load will rise or fell, but when
the byepass is closed, the flow remains fixed and the rem will follow deforme~
tion of the specimen,

The errangesent of these valves snd compensating devices in the circuit
together sive a remcrkable degree of flexibility, permitting the machine
operator to menipulate the load on his specimem with a high degree of sens-
itivity.

An automatic Ly-pnss release valve oonmlmo the control systeme This
may be set to sutomatically dissharge when the pressure roaches sny desired
point but ordinerily serves ss a safeguard egainst involintary overloading,

In the lerger miw testing mechines used for testing camplote
structures or lsrye scale components, the arrmnpgement is slightly differemt,
as shown in Slide 5, The work teble forms the bed of the machine, with the
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qundarndrnwmdhlu;;bb.dmapit. The dosmward movement of
the cylinder pulls the mm;dinte creschead with 1t, thereby apply loads
to the spocimens ss before, However, with thls schens a pulleback cylinder
is necessary in order to retura the main :Jl@:iu starting position. In
these machines, lerge structurzl or cast side housings stand verticelly
from the toble to omrry the teusion erosshead at the top and to glve added
stability to the sensitive croasherd, In this arrmngement the load woishing
capsuls is mounted on the underside of the sensitive crossheed and a loading
yoke surrounds the camplete ruscembly,

A typloal circuit diegrem of ome of these larger machines is shown on
8iide 6, A reversing warisble discharge puwp iz used which is gtroked mane
ually by o= hendwheel, The speed of testing is ommtrolled by warying the
strcke of the pump or by a manipulstion of the lywpass valve, or a combing-
tion ofthe two oomtrols, The direction of the machine movement is chenged
by reversing the flow from the pup. A foot valve must of necessity be
added to the ¢ircuit in the pulleback line in order to support the weight of
the moving parts.

These, then, are the general hydrauliec eircuits used todsy for most of
tho genersl purpose testing machines, I hope that you have noticed that all
of these circults are very clementary, but with this very simple arrongsment,
we are able to produce masing sensitivity of controle

Of course, there is slways the exception to the rule, Starting with
thoge simple olrcuits snd with the addition of selencid or pilot cpersted
valves, timors, relays, etc., testing machines have been built for fatiguing
materiols by applying alternating loads, The reversing of the load has been

coutrolled by either the load cn the speclmem or the deformation of the spec
imen, Hochines have boom memufactured with oithor mamual or eutamatic
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programuing control, whereby the specinen is loaded at pre-selected spoeds
and st pre-determined intervals during a cycle; the rum being automatically
returned to its sterting position upom failure of the spocimmm,

Fluid power hes become the mejor drive for most types of materiel
testing machines and we believe it will continue to hold that positiome A3
hydreulic compononts are improved or ncw ones dovoloped, the over-all system
will asturelly improve to the point where the fow disadvantages of the

present hydrsulic systems will be redused greatly or eliminated eantirelye
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‘- . Comments on Paper by F. S. Buckingham - 2/18/53

I - General

A - Mr, Buckingham covered subject well,

'; ' .~ B - Cut away drawing of Navy's large machine available for inspection.

T C - Audience has seen diagrams, now some slides of actual equipment.

D - Note

about repeat load machine not shown in slides.

II - Specific Comments
A - Advantageous items

|
i l -
!

i " _ 2 -

Hydraulic backlash eliminator on blg machine is notaworthy
accessory. ,
Crosshead motion more linear with hydraullc than with screws

(at least on big machines with screws stabilized).

1 -

,.’t : 2 =

5 -

IITI - Future
mainly

B - Disadvantageous items - some over come on small machines but not
attacked yet on large machines

Large machines - no automatic compensators for losses with

pressure, so more dependency on operator skill.

Large machines, control with load below dead weight of load-

ing frame difficult

a. Increasing load and holding load constant; leakage
always present from pullbacks (because of pressure
from loading frame dead weight they hold up) through
foot valve, packing, etc. Thus hard to keep load from
moving up faster than desired when loading or from
moving up when holding gonstant.

b. Decreasing load - Decrease through use of bypass stops
when load equals frame dead weight and main cylinder
pressure is zero. Then pullbacks are required for
further decrease.

c. Result - below dead weight, control difficult. Must
go back and forth between main and pull’back cylinders.
Each takes long time:to get operating, and has very
delicate control at such small loads, so tendency is
to overcontrol without sufficient reversal sveed on
control response to stop overcontrol in desired time.

Large machines, load maintainers (which bleed from main

cylinder) are ineffective below dead weight of loading

frame. Also in Navy's case, speed of maintainer too slow.

Large machines, deformation rates possible are good but

time to accelerate to desired high rate quite long and the

rate desired cannot be predetermined by control setting
but must be gotten by pacing. Result - test may be over
before desired rate is obtained.

Large machines, no safety devices in case of loss of pull-

back pressure.

needs other than overcons snecific criticisms above are -
increased speed and control

A - General - In aircraft work two main structural problems arising
are aerodynamic heating and fatigue.
1 - Fatigue - Repeat load machine being speeded up. Static

machines, adaptation to fatigue advantageous. Requires
faster loading speeds on large machines, load reversing
devices, more sensitive deflection reversing devices than
those now builf., Built in limit of static machines, -
cannot cycle thru tension-compression.




2 =

Spe
che
of
1 -

2 -

£ W
|

o~
t

Heat - Fither constant load on rapidly deflecting specimen
and/or rapidly varying well controlled load required to
coordinate with heat application. Both primarily control
problems. '
cific - Adapt existing machines as much as p0551b1e
aply as possible for these purposes by changing componcnts
hydraulic systems. :
Guicker response to controls, perhaps hlgher maximumn
speeds of deformation.
Programning to have machine automatlca]lv move at pre-
deteirmined rate, or to be able to control rate to coor-
dinate with andother measurement =~ such as temperature.
Constant load devices for rapidly deforming specimens.
Reversing devices for fabigue = both deflection and load
reversing. :
Response and accuracy of indicating systems with increased
speeds may be a problen so changes may be necessary.
Many of these changes will be competing cost and performance
wise with hydraulic jacks used in jigs setup on a test
floor. Also if testing machines are to compete there is

" a widespread idea to be overcome that machines are not

adaptable for the rapid and fatigue type of testing con-
"templated and being started.

1
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Comments on Paper by F. S. Buckingham -“2/18/53

I - General 3
A - Mr. Buckingham covered subject well.
B - Cut away drawing of Navy's large machine available for inspection.
C - Audience has seen diagrams, now some slides of actual equipment.
D - Note about repeat load machine not shown in slides.

II - Specific Comments
A - Advantageous items
1 - Hydraulic backlash eliminator on big machine is no&worthy
, accessory.
2 - Crosshead motion more linear with hydraullc than with screws
{(at least on big machines with screws stabilized)..
B - Dlsadvantageous items - some over come on small machines but not
attacked yet on large machines
1 - Large machines - no automatic compensators for losses with
pressure, so more dependency on operator skill.
2 - lLarge machines, control with load below dead weight of load-
ing frame dif ficult

a. Increasing load and holding load constant; leakage
always present from pullbacks (because of pressure

. from loading frame dead weight they hold up) through
foot valve, packing, etc. Thus hard to keep load from
moving up faster than desired when loading or from
moving up when holding constant.

b. Decreasing load ~ Decrease through use of bypass stops
when load equals frame dead weight and main cylinder
pressure is zero. Then pullbacks are required for
further decrease.

c. Result - below dead weight, control difficult. Must
go back and forth between main-and pull’back cylinders.
Each takes long time to get operating, and has very
.delicate control at such small loads, so tendency is
to overcontrol without sufficient reversal speed on
control response to stop overcontrol in desired time.

3 - Large machines, load maintainers (which bleed from main
cylinder) are ineffective below dead weight of loading
- frame. Also in Navy's case, speed of maintainer too slow.
L, - Large machines, deformation rates possible are good but .
time to accelerate to desired high rate quiteé long and the
rate desirad cannot be predetermined by control setting

but must be gotten by pacing. Result -~ test may be over

before desired rate is obtained.

5 - Large machines, no saletJ devices in case of loss of pull-
back pressure.

III - Future needs other than overcone specific criticisms above are -
malnly increased speed and control
~ General - In aircraft work two main structural problems arising
are aerodynamic heating and fatigue.

1 -~ Fatigue - liepeat load machine being speeded up. Static -
machines, adaptation to fatigue advantageous. Requires
faster loading speeds on large machines, load reversing
devices, more sensitive deflection reversing devices than
those now built. Built in limit of static machines, -
cannot cycle thru tension-compression.

v




2 - Heat - Eitler constant load on rapidly deflecting specimen
and/or rapidly varying well controlled load required to
coordinate with hcat application. Both primarily control
problems.

B - Specific - Adapt existing machines as much as p0551b1e

cheaply as possible for these purposes by changing componcnts

of hydraulic systems.

1 - Guicker response to controls, perhaps higher maximum
speeds of deformation.

2 - Programaing to have machine automatlcallv move at pre-
determined rate, or to be able to control rate to coor-
dinate with another measurement - such as temperature,

- Constant load devices for rapidly deforming specimens, -

Heversing devices for fatigue = both deflection and load

reversing.

5 - Response aud ‘accuracy of indicating systems with increased
speeds may be a problem so changes may be necessary.

6 - Many of these changes will be competing cost and performance
wise with hydraulic jacks used in jigs setup on a test
floor. Also if testing machines are to compete there is
a widespread idea to be overcome that machines are not
adaptable for the rapid and fatigue type of testing con-

'templated and being started.
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