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RESt:ARCH AND DEVELOPMENT 
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Modern industry is demanding high pressures for 
testing, extrusion and other purposes. An automatic 
hydraulic intensifier has been designed to do this 

/ 
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Above: Complete automatic intensifier unit. Below: Cross section of intensifier 

Non-return valve 

There is an increasing demand from 
industry and research establishments 
for equipment to operate at up to 

1-4 GN /m2 (200000 Ibf/ in") . Industri­
ally it is of interes t in such fields as 
isostatic compaction of powders and 
for hydrostatic extrusion presses. 

The use of high-velocity jets . pro­
duced by pressure differences of this 
sort of magnitude across an orifice. is 
being investigated for cutting rock. 
coal and metals. 

High pressu res can be used scien ti fi­
caUy, for establishing viscosity of 
lubricants under simulated extreme 
pressure loading. or for the study of 
rocks under the pressure found in 
parts of the earth's mall tic . 

Extensive knowledge of high ­
pressure enginee"ing has bee n gained 
by the Mechanical Engineering 
Department of Queen 's University. 
Belfast. Agreement has been reached 
for this illfornntion to be made avail­
able to the Coleraine I nstrulllent Com­
pan y Ltd, H~ Killowen Street, 
Coleraille. Northern Ireland. 
High-pressure fluid. The first fruit of 
this collaboration is all automatic 11l­

tensifier system which is essentiall y 
simpl e and relativel y cheap. The 
equipmeJJt provides a source of high ­
press ure (-(uid for alltofrettaging. 
proof testing, and for developmen t 
and research . 

The essential component of th e 
system is th e Belfast intensiri er (bel<m) 
which has been tes ted exha·usti \'eh. 
Basicall y it consists of a low-pressu;e 
piston which drives a small diameter 
ram iJJto a high-press ure cylinder. 

The in tensi li ca tioll ratio, ignoring 
an allowan ce fOl ' seal friction. is given 
by the ratio of the area of the lo\\,-

O-ring seal 



pressure piston to the area of the high­
pressure one. In many applications 
it is necessary to use more than one 
stroke of the intensifier to attain 
working pressure, so inlet and outlet 
ball valves are fitted. 

.There are several problems involved 
in the design of such an intensifier, 
perhaps the most important being the 
problem of fatigue strength of the 
high-pressure system. head and tee 
piece. With a relatively simple 
cylinder construction it may hc pos­
sible to achieve an infinite fatigue life 
for repeated pressures of 0·7 GN / m 2 
(100 ooC) lbf / in t) but not for signifi­
cantly higher prcssures. 

More complex dcsigns involving 
dynamic support have becn proposed 
but no fatigue data have been 
established yet to demonstrate if the 
expected improvement in fatigue is 
realized . . 

In the present design a finite life 
is accepted hut the materials of COlI­

struction for the inncr component of 
the cylinder. thc head and the tce 
piece have been sclectcd after ex­
haustive tests . El ect roslag-refincd or 
vacuum remelted stccl is uscd; thesc 
materials give a high ~· ield strength 
with an acceptable fracttlrc strength. 
long life. The inncr componcnt of the 
cylinder is a press fit in a lower 
strength but high fraclUre strength 
outer component which contains the 
inner one \vhen it fails . 

The tee-piece is of very simple and 
cheap design for ready rcplacement. 
but surprisingly its fatigue life appears 
to be as high as for the main cylinder. 
despite the stress concentration at the 
junction between the axial hole and 
the cross bore. Fatigue tests at \ ·4 GN / 

A 60° coned pipe joint 

m2 (200000 Ibf/in2) have established 
fatigue life of 2 500 cycles. and current 
work may well increase this figure 
significantly. 

Another problem is the high­
pressure ram seal. which is fixed, with 
the ram sliding through it. Several 
high-pressure fluids have been used 
in the system and the seal has to be 
compatible with all of them. Brake 
fluid. a good lubricant with a very 
high freezing pressure, has been used. 
but it is a good elcctrical conductor 
and this may be a disadvantagc in 
some applications. 

Alternatively Plexol 201 oil-Rohm 
and Haas fnc or Lennig Chemicals 
Co in Britain-can be used . For these 
fluids all SCN ring (Ronald Trist & 
Co) or a H ypak G seal (James Walker 
& Co) have given satisfactory lifc . 
Chamfered an ti-extrusion rings must 
he used and in general H ydurax 
(Langlcy Alloys) has proved satisfac­
tory. though at 1·4 GN / m~ berylliulll 
copper m ay be prefcrable. 

Pipe fittings and high-pressure 
tubing have bccn tested under cyclic 
pressure and to failure under steadily 
increasing pressurc. Thrce sizes of 
tu be have hecn standardized: 9·5 mm 
o.d . x ,p mm i.d. (i x k in) and 
9-!i mm . o .d. x I·G n1ln o .d . (i x 
/.r in). of 12% cbromium steel with an 
ultimate tcnsile strcngth of about o ·H 
GN /mt (!i0 tollf / ill '). and 19.0 mm 
o.d. x 1·li mm i.d . (i x n ill) com­
pound tubc. with a stainless steel core 
alld an alloy stecl sh eath. 

The first two tubcs are sufficiently 
ductile to be bcn t. wb ich use full y 
reduces the number of fittings needed. 
and are suitable for o·(j G N / m~ 
(Ho ooc) lbf / in ") and 0·9 GN /mt 

High-pressure valve 

(1 30ooo 1bf/ in2) respectivel y. The 
compound tube is used for \·4 GN / 
m2 (200 000 Ibf / in 2). I 

Jointing. Up to the prescnt joints have 
been made either by coning the tube 
or inscrting a coned nipple or cone 
ring as shown below. However. ex­
pcrience and testing have shown that 
it is much bctter to LIse a much larger 
angle; illdeed. if it were not for 
problems of alignmcnt and tube-end 
prcparation. perfectl y Hat surfaces 
normal to tbe tube axis would appear 
to bc best. A typical connector with 
an angle only a few degrees from flat 
is shown below left. 

It is necessary to have .a valve 
capable of operating at 1·4 GN / m" 

. (:woo()l)lbf / in ') and there are cases 
where it has to withstand pressure 
in either direction . 

As h igh-press urc eq ui pmem should 
be housed in a safety ellclosure it is 
desirable for the valve to bc remotely 
controlled . ' 

The valve as desiglled is shown 
below right. It will be seen that th e 
val ve spi ndle is actuated by a piston 
which is itself actuated hy fluid pres­
sure. This prcssure can bc generatcd 
hydraulically by a remote pUlllp. or 
pneLlmati.ca lly. but as shown it is 
produced by a screw jack. which forces 
a small piston illto the oil-filled space. 

The screw jack can bc operated 
through a long. small-diamcter 
Hexi blc rod 01· cable. Thc \·al vc is rela­
tively complicated and collscqucntly 
expensive. but it operates salisfactoril y 
and can be used like a needlc valve 
to give small adjustments of pressure 
A much simpler alld chcapcr manual 
spill valve is also availablc . 
Sensor. Finally_ a pressllre sensor is 
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rcquircd. A manganin sensor, shown 
below has been developcd in which 
eithcr the manganin coil is exposed 
to the test fluid, or alternatively it is 
housed in a flexible bcllows subjected 
to the pressure and contains a fluid 
which is compatible with the coil and 
the electrical scals, and which is not 
electricalh' conductive. 

This s~nsor can be used with a 
direct-reading h rid g especially 
developed for the purpose. Alterna­
tively it can he Ilsed with a potcntio­
metric indicator I controller, or the 
output can he prcscnted in a digital 
form . 

The manganin sensor. if calibrated 
against a deadweight pressure tester. 
can form a good secondary standard. 
bu t therc a re problems of tCIll perat u re 
stability evell with the most carefully 
selectcd manganin wirc . If the pres­
sure is raised or lowered rapidly the 
gauge could be in error. 

Howc'ver an alternatiye wire with 
much better temperaUlre .coefficient of 
resistance change has recently heen 
devcloped which overcollles this 
prohlem. and GIn be used as a control 
clement. Alternatiyely a tcmperaturc 
compensated strain gaugc transducer 
has been dC\'elopcd which GIn also be 
used for control. 
Automatic_ The high-pressure com­
ponents have been built up into 
an automatic intensifier set. The 
layout IS shown diagrammatically 
h('ln,,' 

LOll" pressure oil, at 70 MN 1m" 
(10000 I hf' inl) is provided by a 
pumping set such as the Enerpac 
motorized pump or a Towler 
llrothers set. which is connected to 
the intensifier by a flexible high-

Diagrammatic layout of complete unit 

Pressure 

prcssure hose. 
The pump delivers through a sole­

noid-operated valve to the low-pres­
sure end of the intensifier. If the 
desired or set pressure is not achieved 
in a single stroke, thc tell-tale 
attached to the intensifier piston oper­
ates a microswitch which controls the 
solcnoid operated ch angeover valve. 

This connects the pump to the in­
let valve of thc high-pressure end of 
the intensifier. if necessary through a 
transfer cylinder if thc high and loll' 
pressure fluids are different. At the 
same time the low-pressure end of 
thc intensi lier is connected th rough 
the changeover vah'e to reservoir. 
When the intensifier is recharged the 
tell-tale operates a second micro­
switch which resets the solenoid 
operated valve. 

Digital pressure indicator/controller with 
electrical control unit 
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Manganin pressure sensor 

Whcn the preset pressure has been 
reached thc high pressure sensor 
switches off the pump motor via 
the digital controller. Alterna­
tiYely, control can bc achieved by 
using a low-pressure gauge on the 
pump. calibrated against the high­
pressure output and e<.Juipped with 
electrical contacts to switch off the 
motor. Yet another alternative is to 
have a pressure control valve in the 
low-pressure circuit set to give thc 
de~ircd high pressure. 
Safety valve. A safety valve is proyided 
in the low-pressure circuit close to 
the intensifier in case the inlet hall 
valve should fail. and also to ensure 
that the low-pressure pumping set 
cannot be overloadcd. A remote­
action or manually-controlled spill 
valve is provided in thc high-pressure 
system . 
, The high-pressure connexion to the 

intensifier set is through a cross piece. 
and it is possible to bring the con­
necting tube out of the set in any 
one of three directions which are at 
right anglcs to each other. 

It is also possible to use pneumatics 
to control thc intensifier and such a 
system has, in fact. been designed . 

I n addition to this intensifier system 
various items of high pressure c<.Juip­
ment such as viscoll1etcrs. a thick­
wallcd cylinder creep machine. com­
pression tester for rock samples. and 
a torsion machine have been 
developed and can he used in conjullc­
tion with the intensifier. 

The: joint 3ulhors of thi3 article are Proft!ssor B. 
Crossland. The Qu"en's Universily of Belfast: and 
Dr J. G. Logan . of lhe High Pressure Division. 
Coleraine Instrument Co. 
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