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The Design of & Hydro~Pneumatic Machine

. Xor |

Rapid Load Tensile Tesﬁ}gg

ABSTRACT

w0 RS

This report presents the deésign of equipment for 'studying the influence.
of rapid loading and time at load on the initlation of plastic deformation of
metals in tension, The machiné consists of a ecylinder and piston actuatediby -

a hydro-pneumatic: system which permits a load as high as 20000 1b to be applied
to & specimen O, 500 in. in disameter in &n interval of 0.005 seéc-or more. . Thisg -
load or a smaller lozd can be maintained on the specimen for any desired length
of time greater than 0.001 sec, The principle features of- the design and . e
operation of the equipient are discussed. The application of the duta obta:neﬁ

¢ from tests with this equipment is considered. "It is estimatéd that this Y
equipment would cost around w3500 and would provide very important data on the
behavior of metesls under dypanlc loading which could be appliéd dl*ectly to.

structures. .

Iﬁffodﬁéiiég

- \ Iﬁ éfua?ing:kﬁé‘inflﬁéhéé Of strain rate it has beeh shown in a
previous report L) fha% %he propdrtionéi'limit and ultirate strength 'of some
metalsz£ncreééé.mifﬁﬂinéréééing strain ratc. This effect may: be represented
in the manner showﬁ in ﬁig;‘l. It is believed that if & load is*appliédfﬁo a

material rapidly enough, & stress higher than the static elastic Timit can be' -

- — —— -

1) The influence of pure strain rate on the tensile properties of three types
of ship plate, by . E. Iuvez, ¥. E, i artens, D. 4, Elrer, and D S. Pldrn,
OSRD Contract OBElsr-348. Report No. AXXIX ' R ‘

et o ettt
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sustained by the material for a certain length of time witr~t nlastic deformation,

The higher the stress, the quicker will plastic deformatior occur after reaching

The validity

oo

this stress; This condition may be represented as shown 1r ‘fg. 2.

of this belief has been partiallyﬁsubstantiated by prelinra.c tests 2). However,

the equlpment used in making the prelininary tests 1nvolvod 2 <vlenoid to obtain

the load1ng of the speclmen, and the time required to reach the desired load was

.

between 0,23 and_l.so'gec. Lven under this condition of a relatlvely-slow rate of
loading, elastic behavior wéé,maintained for an appreciablellength of time at a
stfesa aboye the static elastic limit. ‘The fesults of tests might be represent -

‘ih.Fig;'2 by thé region to'tﬁé right of a tine of about 0,5 sec,

From the preliminary tests it is avnparent that the prineciples of o
load testing and the application of results to practical structural problems cre
sound. .:However, it is clear that equipment is required which will bpefate more

., .The purpose of, this report is to present a design of a machine for
making tensile tests on specimens vwith which the time to reach load can be us
short, as about 0.005,§90, thus permitting an extensive investigation of the

gffgpt of rapid loaud and time &t load on the tensile properties of materials.

General Deseription of Lguiphent

The general character of the machine that has bteen designed is shown

in Fig, 3, It is to have a capacity of 20000 1b which can be annlied to a

sy -

2) A pre ﬂwna“y study of the influence of rapid loading and time at load on
“the iriviation of plastic deformation in tension, by F. I, Duwez, H. L.
liarters., and D. S. Zlark. OSRD Contract OELsr~548. Report No, XXXVITI.

RESTRINTD
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specimen within any desired tirme betwesn 0.005 #nd 0. 850 sec. " shy load less than
the maximum can be applied within alout the same time 1imit end can be sustained
for any deéired.length of time greater than 0.001 sec. |
Essentially the machine is a 12 in. dlemeter cylinder closed at both ends,
with a rigid framework built over the cyiinder.‘ A test Speciméh'is.mounted}with
one ¢nd attached to the rigid framework and the other end %o a piston Tod extending
tﬁrough one end of the cylindef. an aluminun alloy piéton, attéched to the piston
rod, s;pérates the cylinder into two chambers.
| The chamber ébove the pistdﬁ'isjfflled with air and the charber below
the pisééﬁ wWith water. Pressure is maintained at any ‘desired value up to 200
1b/in.® on both sides of the piston by méans of compressed air, as shown in Fip.
4, ‘Thé'tégt is'ihitiatéd by closging the water line and rapidly exhausting the
lower chamber to atmospheric pressure. This is accomplished by medns of a-guick
écting'ﬁéive:or a bursting diaphragm.::Thé rate of pressure drop in the lower
éhambef is controlled by means of & variatle orifice in the exhaust Iine, The test
"is endéd by rapidly élosihg the exhuust valve and ovening the water line alluwing
the pressure to Build up on the vater side of the piston., For thsts in' which the
time of loading is greater than about 0,030 sec, air instead of water may be used
in the lover chamber in order 1o permit bétter control of the time of loading.

The record of force-time and strain time will be' recorded on two oseillographs.

Details of Design

in assembly drawing of the rapid loading machine is shown in Fip. 5.
'The principle part and thie function of each are discussed below. -The part °

numbers refer to the numbers on the assembly drawing (Fig. 5),.

SALETRIST D
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-The base of the machine (-l);;s made, of lf}/g in. mild steel plate and
rests on four feet made of the seme material. The cylindeyﬂﬁ%z)lgg méde Of.l?
in. pipe with welded flanges. NThp pylinder rests in_qigrooveziﬁlﬁhg base—pléﬁe
and is boﬁted in place with tvelve bolts 7/8 in, in diameter;f Thg uppef.end of
the cylinder is closed with avl—l/é in. mild steel plate (fﬁ) bqlted ?é the
cylinder flange, which also providgs.a base for the columrs. The top énd botfqm
edges of the.cylinder fip“into a groove in the top und bottomAplatesé The S
inside of the groove in the end plates and the edgeé_éf the cylinder wall.have
concentric "V" thrgad~like serrations 1/64 in. high which bite inté a séff'
aluminum gasket 1/16 in. thick providing a pres;ure_segl. Thg.@ndsH;f the
cylindgr it accurapely and deep enough into the grooves, to péovide pbsitive
alignment. The inside surfaces of the cylinder and end plates are.chromium T
plated to prevent corrosion. o

4 cast aluminum alloy piston (-5) is attached to a heat tf%aéédwstécit_ |
piston rod (-4). The piston assembly is guided by bronze bushings in.tﬁém;§ligé;;v
end plates, 4 pressure seal is provided in.the bushings by”neoprene "ow ;ings,‘
Neoprene "O" rings are also used to provide a pressure seél on the niston rod
inside the piston and at the ogter edge of the piston. A cap in the base nl:ite
below. the bushing holds a rubber disk which provides & stop for the piston rod
at its lowest point of travel. . The lower part of the piston rod is hollow for
lightness. The piston is held in position on the rod by a sfeel washer {-6)
and two nuts (-7).

The dome (-11) is rigidly supported by two columms (-8) which thﬁ:ﬂd .
into bosses welded %o the top plate, . The_colgmns are made of cold rolled st -el.
The dome structure bolted, to: the columns is a beam built up of welded 1/2 in.

mild gtea2l plate, The columns and dome are made very heavy so that the to'-.

deflecfion when loaded to 20000 1b will be less than 0,005 in.
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Oee cnd of fhe‘test speciﬁen'(Fig .6) is screﬁed'icto the dynamometer
(~12)’fasten<d to the dome anﬁ the other end 1e.screwed into a flttin (—é, ~10)
on the end of the piston rod The dynemometer consists of a hollow cvlindrical
sectlon of hedt treated steel onto which an elfctrlc strain rage is cemented,
L sleeve ( 15) exotects the strdln gage w1nd1ng. TJe flttlnfe at the upper and

lov ‘er ends of the specimen are Drov1dee w1th snherlc»l seats to allew for any

sllght mlsallgnment of thc svstem.
nXml‘qrj equlement shown in Fig. 7, will Te reqguired to operate the

L3

rachine described. These 1tems llsted below are ell c0mm9r01u113 ewcllelle.

S

1. Compressor - Ingersoﬂr°and No. 23201 reted 4 5 £t /mln vt 200

lb/in. Unlt con51ste of compeessor recelver, motcr and stop-

start control.

‘ é; Preesufe tank - T&nk 12 iﬁ: iﬁ eiameﬁer and 24 in. hiéh for gOO.
lf/in?.air and v ter sto}epen Jith a high preseu“e gage glass |
or 1ndlcdt1ngvfloat Valvehéov;rdlcate the height of tho Nmterv
| level in the tenk and an accurate bourdon rage to 1ndlcate the
.alr plessurc. “ N
3.. hater reserv01r - Tenkv5 in. in dianeter and 24 in, higl, onen at
'ftop'and with .a gare Fless; | | |
4. Quick acting valve.- Progressive Welder Co., "Quick «s a Wink"
valve, normally.closed type, 230 .volt ~.C. solenoid operuted,
npproximafe time of operation 0,010 sec., This valve closes the
water line and exhausts the cylinder in one moﬁion of a sliding
- bushing.

8. Valves.and piping as indicated - Fiping w;ll.be‘l/E,in. copper

2
tubing, valves will be standard 200 lb[in._globe valves.

HEETRIOTED
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The Pate of londing will be controlled by the use of an orifice of the
deéi?ed size iﬁ fﬁe.line between the Llower chahbér and the exhaust valves lihile
not designed, it is propused to use n fitting by which différ nt sized orifices
caﬁiﬁe iﬂserted vith facilify.
. Thé'dufafion of:the tésﬁ and the operution of fhe‘solenoia §5lve vill

be controlled by neans of an electronic circuit (Fig. 8). Thie circuit’has a

220 voit e C. pgger supply with canaciter hoosters to actuate the solenoid
valve. & cupaciter discharge circuit is used to reguléﬁe the duréﬁionvof the
éest;;i.e; the time the ﬁalée is'ﬁeia'open. This time ean be varied from 0.001
to 100 sécoﬁds.:'fﬁé solencid velvée cen elso be operated manuéilyfby”ﬁcaﬁs of a
push{button;y | ‘

| ﬁTwovcomﬁléte ébuble chonnel fecsfding units are available in this
laboratory. One is a recording cuthode-ray oscilloérépﬁ unit with a ranre of
sihgle sﬁeeﬁ‘tiﬁé“frém 0.0003 to 0.050 éec. The other is a brush direct inking
oscillograph. Thr avail:sble uaper speeds on the latter dre 5, QS” and 125 mm/sec

whlch, w1th a 60 cycle/sec carrier vave, make it DOSSlble to record tests in

which the time involved is gre:ster than 0.10 sec-

All of the controls for the equ1pment can be’ centered in one panel,

1mmudldtely deacent to the machine, such as skown in ¢1;. 9 by carequ
arrangement of tanks and valves and by using universal. joint extensions on the

valve stems. Tith this arrangement the operator can control all of -the

operations of the eauipnent while. standing in one place.,

Operation of:ZIguipment

« complete layout of the equipment is shown in Fige 7 with all vulves

numbered. . The following discussion: describes the procedure. of makipng a rapid

load tensile test, with thi's: equipment, .

R, T3 700
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-
An grifice of the proper‘eize,as dictate4 b} the rate of loading to

be used is inserted in the e;haue% line., .The compressor feeeiver is pwnped up

to a pressure of 200 1b/in? which is maiatained for.tee‘test. The wafer o
reservoir is filled to the deeired 1evel;h Initially all valves are closed.

Valves 8 and 9 are opened until the pressure tank is filled with vater from the
reservoir to the desired heiaht and then closed, The lower‘ebamberve%?fhe macﬁine
is completely filled with, water by opening valves 6 and 24 Valve 2 is held open
until the hydrostatic‘pressu re in the tank flllS the lower chamber and all air is
removed and then it is closed. Vulve 5 is opened and then the preesure on the

system is raised to the desired value by meais of valve 7.

The sys teu lu'nUW under preaaure and ut egulllhrl e To raise the

piston, valve 5, is closed and a small smount of air ik bled turou?h VulVC 6

s B

until the proper positicn is attaiped.‘ To lower the nlh,on valve 6 is clmsed

with valve D open. .+« small omount of water is bled through valve 2 These
manipulations facilitate the installutinon of the specinen.

~ Vith the specimen in position and all valves evcent 5 and & closed,

the preusure in thc tan 1o a@jaetedvve tae’va;ue ;equired te_give_vhe desiredn
force to the.§pecimen: ‘The $t;ainlgage“ane:dynamQAete;”leadsAare atﬁacheﬂ‘ve.
the recording li?es and the control uni% ieueetlto éive the éeeired duratioa of
the vest. The test @s started by'means'oﬁma'paeh butvea.whieh energizesbthe
solenoid valve circuit opening the quiek aetinz valve 1 eihuuetlng the loner

chamber und clos1ng the water line from the pressure tanh, thus loadlnp the

specimen., 4fter the proper length of time has elapeed the tlue control unlt

.

causes valve 1 to shift am to adzlt water under pressure to the lower chamber

thus uploading the specnnen.

o
: s

. The reco"ds obtalnea unuer ouch a proceduve when ulastlc deformatlon

occurs .may be of the“type‘ehpwn>inmEigﬁ 10. The time at Whlch plnstl strain

- RLSTRIZILD .
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oceurs after loading is deterhitned from the curve shown in Fig, 16b, A series

. " of ‘speciméns would be tested at different loads for & given rate of loading.

From this'data a curve such as shown in Fig. 2 may be obtained,

1)

“ipplication of Results

The application of the results obtained with the equipment described
in this répdrt'wbuld seem to be of considerable practical value. is pointed out
in a pievioub'report}‘ﬁ) the most common dynamic loading to which & m’chine part
or ‘stPucture-is subjected;” aside from fatigue, involves rapid loading and not
impact. If impact is involved there are usually conditions present that reduce
the shock '6éffect and leave primarily a rapid loading condition on the structure:.
- There is an increasing tendency to analysze the force-time condition existing in
structural members in which dynamic loading 15 involved by’ the use of eleciric
 strain’ gages. .
Suppose  for exAmple)a ‘structural member is Ioaded in the manner
" indicated iA"Fig. 11. The maxirum force f, is attained in a certain time and
" maintaihed for a time t, . By referring to a curve such 4s Fig. 2 for the
‘material it is possible to sele¢t that stress which will -not induce plastic
" deformation in time t, and thence the difiension of the member., It would also
' be hecessary to determine if the force'fé in Fig. 11 acting for the time t2
would produce wlastic deformation, With data of this type available for
differert materials, the one most suitablé for the condition of luading could
‘bé ‘selected.

In discussing the possible avvlication of the results of the proposed
tests .it is recognized that very complex stress conditions -zre involved in many
structires and that 'theiTlustpretion employed is very &implée. Fowever, the

i -
N i o e e riT—ty e Ty - R

- 3) -Reference 2 BT
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irmportance of the information to even the simple case should be recognized.

N

. Summary

The design of this equipment for the study of the influence of repid
loading and time at loed on the initiation of plastic deformation in tension was
étimulated by the sncouraging results of preliminary tests made withvvery sirple
and inadequate cquipment 4). A design which is believed to be workéble has been
prepared in detail. Uhile this report presents the genersl plan of the equipnent,
detail working drawings have been made of all parts of the machine itéelf. The
various parts have been carefully engﬁneered. The problem of sttaining such
rapid loading has becn carefully studied for this particular machine, The
analysis is presented in the appencdix. Some additional'engineering is reguiiid
slnce the deteiled layout of viping, velves, ete., hus not been made.

It is estimated thet the testineg machine alone would cost less than
%2000 to comstruct. The auxiliary equinient exclusive of recording facilities,
may cost of the order of 1500 includinz installation. Ience, it may be

estimated that the total cost would be around 53500,

4) Reference 2
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Fige 1 Approximete relation of ultimate sirength and
proportional limit to rate of strain.

N

Stress

Static elastlc limilt

il

1
0.0001 0.001 0.01 0.1
Approx. time to initiate plastic deformation (sec)

1.0 10 100

Fig. 2 Approximate relation of elastic limit tc time
to initiete plastic deformation.
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Fig. 3 Rapid load tensile testing machine.
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Fig. 4 DBasic equipment for rapid locad tensile tests.
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Air Bleeder air Line Air Veat Alr Pressure Alr Fill Water Line
CYL INDER GYL INDEK PRESSURE TANK PRESSUBE TANK PRESSURL TANK FILLING TANK
. Cﬂ |
Wuter Bleeder Wnter Line Water Drein Woter Fill
TEST CONTROL UNIT
N\, A
AT
Tiwe Time
FLOW LOWN Millisec, @ Milt. J J
O O J
Men, onc®oft Auto. Wster Level Water Level
Fire Fire

Water

Fige 9 TFunel layout for rapid load testing.
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{a) Typical force-time diagram.

S — £,

[

o]

[
a Beginning of
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Time Time
{b) Typical strrin-time dlagram.
RESTRICTED
Fig. 10  Typiesl force-time und wtrain-time diangrams, Fig. 11 Typical force-time diagram for a structural member.
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- APPENDIX
A liathematical hnalysis of the
Hydro-pncumatic Testing liachine

by D, H, lyers

The Analysis

A mathematical'énaiysis of the rapid loading testing machine
has been made“aé‘a‘guide iﬂ the design of ﬁhe equipment dgsc?ibed in the
body ofthis report and, in éarticular, te optain an gstimate_pf thg ﬁimes
requifed'totload the specimen for different sized oxifices. The felloving
simplifying éésumptions were made. The water wag coasidered incop,regsitle
and fluid friction was neglected. The orifice vra g assumed to be opened
instantaneouéiy at the time t = o. The tensiie spescinen was assumed to
remain elastic., Finally, the horizontal components of the velocity bfiﬁhe'
water were neglected in couparison to the vertical coaponent. This last
assumption is certainly correct when the veter chamber tapers sioﬁly:towardév
the orifice, as showr ir Fig. A-l. “nen the chamber is cylindricﬁl a5 in
the design proposed in the body .of this report? the time required to load
the specimen may actually bé somewvhat greater»than.indiéatgd by'the resulﬁ$:
of this analysié. .

The test specimen, of 1epgth 1S gnd éross—gectiongl areg_AS,
is shown at the top of'Fig. h=1, Denote the (constant)_qirvp;egsurg on
the top of thé piéton by PO aﬁd the yariable gater pressure on the bqttog

L3

face of the piston by P. Since the (downward) force on the piston is

26, TRICTED
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‘p o P), where Ap is the area of the piston, the equation of motion of
the plston is:

Y G S SV

vhere m = mass of piston and connecting rod, x = displacement of piston,
and k = ASE/ls is the spring constant of the specimen. The unkncWﬁ‘préssure
P can be foﬁﬁd’iﬁ te%ms of the velocity dx/dt of thé‘piston by investigating
the flow of Waﬁér'oﬁt of-the orifice at B in Fig. Aéi. -
Since the horlzontal components of the flow are neglected and the
force of gravity may also be neglected in comparlson to the large forces -

’1nvolved, the equatlon of motion for the vater is

. } () "»“)‘«V , .
& FWe Y 4 ::.\&. (2).

where;g is the density of the water, p is the pressure at time t and
at diétanca z from the initial position.oﬁ the piston, and W is {he velocity
- of the water at the same time and place, .
.. The condition of continuity is o

Ap ;, ¥ =AW = AW, o ®
'ﬁhere A(i} is the cross—sectiondl area of the chamber z in, below the
initial position of the piston, Ao is the area of the orifiéeiand W;
is the velocity of the water as it flows out of the orifice,

The boundary cdﬁéitiéns, besides Eq. (l); are as follows:

&t thé'orifiCe,“Z': h, W :.Wa and p = pg, vhere pa T aumosphoric Qressure;

:o..

when t = 0, p = P, and W

Rvﬁ rwi C

e
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By using the boundary conditions together with l.qs. (2) and
(3), the unknown pressure P can be eliminated from Lg. (1). The result

of this elimination is:

"|

i ‘ ;"‘ ,» o ‘e ; ‘2
‘\/ «-..--4—‘- - t" - ])\‘ N l {%X l — { (4’)
. N /":—:HI{' ;_)( j /'\X ; .
At* v o | (X{,
where F_ = AP(PO - Py) = final force on piston, )
: 2
1 ) 2 i BT ,\
ATz o D~
&£ 0 ﬂ\l. i
and wvhere I = n,+13/¥1}) y Here b dero’es & eons,ans
3 ”‘/,“ »
‘l) "[‘% ! R A

"‘4": /\{, 2
which deperds on the shape of the chamber.
The soluticn c¢f Lg. (4), subicct to the iiibial conditions that

= dx/dt = 0 for t = O cun be expressed “n the form

e A
. N i
/ LS (5)
/ [ s
{” - ' 5 3

where
'““’~ ] R 4:'—’:“"" s
;= t 72K
o . / /»/3 2

G - kﬁﬂ& /AEN¢, |
A‘Jd ,4¢>F:T1«P(,'X b

B - Lpdr A_E.’_o

are dlmensionleos parameters““‘ !

The general aspect of the relationship, Laq. (5), between the
dimensionless parzmeters s and ; during the loading perisd is shovn in
Fig, n~2. The slope is zero tc start with, and again at'f':'i:, when the
value of s reaches & maximum. The stress in the spécimen at the time t,
corresponding to 7 = i: will be somewhat greater‘thdn'tﬁé”"steadﬁistate"
stress‘Fo/As, due to the vibrational phencmenon of "overshooting". For

RiLSIRICTED
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gma%l\ogiﬁicqs ( i?and ﬁ&large) the amount cf oyershgoting will be small,
due to the large damping factor in Eq. (4), As the diameter .of the ofifice
increases, 50 will the amount of overshooting, gntil it reaches 100%
whéﬁ'the orifice diameter is équgl“to the piston diameter, and the motion
‘becomes undamped simple harmonic, .. .- O T

The time + _ for the speécimen to become fully loacded is given by

[RDBYS o

e T
‘L R o /_‘:3 M
” I iR .
| ek (6)
where /:S(
Se ‘
w; - _ ,‘-‘e . hm.i{ﬁwaﬂm B
o e (7)

and s, is the positive root of the equation

Calculation of the Time of Loading

+hen the parameter 4 is large ( dgffpa), corresponding to.
rather small orifices, the value of s, in Eq. (8) is practicelly oue, and

the integral of Lq. (7) may be epproximated to within about 1% by the

U4 . . s . .
2’ while the corresponding velue of to is given by

formula 7; - 2+

e T | ~
-y - e Do
K L Y R

P . | . v 4 <
F s M vh2 caleulation “f-to

On the other hand, when .

de gy s

is more difficult,. und involves numerical integrauiva. To faciliteto this
computation fior this range a graph of the relationship botween '/ and

IS P
10y [y

. v
™ T e
il LR
e S
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wag conputed on the basis of Eq. (7), This graph is showm in Fig, 4~3.

It is evident from Eq. (9) and the definition of &

: Ko
(following Lq. (5)) that Tor tmall orificés;'to is nearly inversely
proportional to the aréa‘Aé 6f the orifice, o

o

T S TP e R S R AR A .
The 1imiting value of fy B8 2. 2y be obtuihed by putting
® =0 in Eq. (4). "This corresponds to taking the ared of the orifice

equal to the area of the piston. “hen 4 = 0, Lg. (4) rediuces to the

LR

“equation of undamped simple harmohic motich, and the Toirihe Tams t is

equal ﬁodﬁ'haif~périod,’so that

This value of toifill bé called the "i¥sorwusléal Levie. Limis 2074 "7

(9]
~The corresponding viluc of = 77, &Mtase’ from ke O by ovtting
/ /, e Yol I R { e 4
. £ ¢ oo B i ’ . s -
! i s " / ! [f‘ {';;_"'.

Results of the Calculniions

. . : . . .o . . [ v

.

. In caloulating the leading curves aud the time o pet to loa

for the design proposed in the body of this report, the .dimensions of the

machine were taken in accordance with Fig. 5, The total weight mg of the

iston and connecting rod was estimated at 20 1b. The “shape" Cowstant
. 0 t
v:v’, . . - ‘.,."’ ) i 7 . L, i .
bf defined after Lq., (4) jvas taken egual to h = 3 in. The mest ccuplote

computations were carried out for steel wiecimens (Fig., 6) of leugth

. .. R - N . A Z . T S o
1, = 2 in, and cross-sectional ares &5 = 0.2 1n. , vhere the steady state

force F_ on the 'piston vas taken large enough to yroduce 2 stress of

60000 1b/in” in the specimen,

5L OURICTED
Sl ok
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. The ;computed:loading curve for this case, and.for the.maximum ..
designed orifice.diameter: of 0,75 in., is shovm in Figs sa=4, Hotice that
the "overshoot" is 1809.lb/in§;in'this‘case,-sinqe the mekimum stress isi |
61800 lb/in,2 instead of 60000 lb/ing -This indicates that.there will be
an 0s¢illation. of 'small amplitude in the stress after the time it = tb‘

A curve showing the computed .relationship betwesn, the loading
time t, and the.orifice diameter is given in Fig. h-5, again.fof;thesy,:g
2 in, specimen, at a steady state stress of 60000 lb/inz. S'or small orifices
(less than 0.5 in. in diamefer) the value of to,is,nearly inversely

proportional to the area of the orifice. The "theoretical lower limit" of

t., in this case, obtained by allowing the area of the orifice to approach

(¢}

the area of the piston, is 0.524 millisec  (see Lg.. (10)).
The effect of raising the steady state stress or of decreagiug.tae
spring constant k is to increase the time t, for a given orifice diameter,
For example, if the steadj state stress is increased from 60000 to
100000 lb/in? the value of to corresponding to the orifice diameter of
0.75 in. is raised from 1.4 millisec to 1,d millisec. In the case of
theﬁé in..specimén (Fig. 6), taking a steady stéte stress of 150000 1u

_gives t, = 4.6 millisec for the same 0.75 in. orifice.

-

Conclusions

The above calculations indicate that the minimum time io of .
which the machine is gapable varies from about avmiillsec to about %.
millisec depending on the type of specimen used a.suming an instantaneously
acting valve. The type of response curve is shown- in Fig.,$—4,;whilg,a
typical graph of the time to as & function of oyifice,size is shoun in

Fig, a-35.
By B LOTIID

oo



If it is desired to decrecase the time to for a given specimen

to be louded, the most practical method would be to decrease the

dimensions of the machine, and increuase the working press

ure P, accordingly.

. . . . ; . 2 .
Yor example, if the working pressure is increased from 200 lb/ln. to 1400

lb/in?, permitting the area of the piston to be reduced by a fector of

1/7, then the theoretical lover limit of t (see =q. 15) is reduced by

0

a factor of (1/7)5/4 = 0.23. Thus i% should be possitle to decrcase the

minimum time of hich the machine is c¢apaltle tc ahcut ane fourth cf

its value by increasing the working pressure froa Dol oo

decreasing the dimensions accordingly. If the wate- chamber u¢re nade

in a more streamlined shape, tapering towards the orifice, this would

also tend to reduce the time, and incidentally make the above analysis

more reliable, since horizontal components of the velocity were neglected,

However, such a change in the design might make the construction of the

machine unduly expensive,

s third method of reducing the time would be to increase the

area of the orifice. This would not be very effective if the orifice

diameter already correc onded to & w»oint in the flat portion of the cuwve
i : i

(Fig, A=5). It -ould alco tend to wmake the nroblem of a

rapid ownenivg of the

valve more difficult to solve. EHovever, if the oversll dimensions were

decrcased, the orifice size might be increased somevnat in proportion to

the piston size. wnother objection to very much incrense in the rotio cof

orifice area to pjiston area, thereby reducing the damping

effect, would be

the increased amount of “overshoot', vnich night result in vidbrations of

excessive amplitude during the test,

RLATZICTD
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