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The Hydraulic Cylinder

Ton Huinink

1 General

What is a hydraulic cylinder?

The giossary for "Fluid Power”, ANS! Standard
B.92.21971 gives the following definition:

A hydraulic cylinder is a mechanism that converts hy-
draulic energy into a lingar force and movement. In
otherwords, # is a finear hydraulic motor. Usually this
consists of a moving element such as piston with a
piston rod or a piunger operating in a cylindrical bore.

As the hydraulic cylinder is a hydraulic motor, one may
also speak of functions, types, models and specific
qualities of the hydraulic cyiinder. This motor also has a
specitic power, efficiency, medium, working tempera-
ture, adjustment and control.

Hydraulic cylinders are normally designed for working
pressures of up to 350 - 400 bar and occassionally up to
600 bar and more for special pumoses.

Apart from its function to a linear hydraulic motor, the
cylinder is also structural element. As structural element
it must not only generate torces tut also absorb forces.

The hydraulic cylinder, as a linear motor and structural
element, is greatly infleenced by environmental circum-
stances. Elements such as temperature, humidity and
corrosive influences largely determine to what extent the
cylinder comes up to one's expectations and are there-
{ore decisive with respect to quality. Therefore, in the
design and construction of a cylinder, the following will
must be closely considered:

1 tunction as a hydraulic motor
2 function as structural element
3 influences from immediate surroundings
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2  Cylinder Types

Basically, there are two lypes.

Judged by the nature of the generated force the cylinders
may be ciassified as follows:

1 Single-acting cylinders
2 Doublg-acting cylinders

1 Singie-acting cylinders

The pressure medium moves the cyfinder into one direc-
tion, outgoing or ingoing, and can therefore exert a
pushing force or a pulling force. The single-acting cylin-
der has only one oil connection, the other side has an air
supply through an airfilter. The retum movement is ef-
fected as a resuit of gravity (own weight possibly with
ballast) or by means of a return spring.

2 Double-acting cylinders

The doublg-acting cylinder has two oil connection ports
and the pressure medium maves the cylinder in both
directions. The cylinder exerts both a pushing and pulling
force.

3  Cylinder Models

There are two maintypes of cylinder models to be disting-
uished: i

1 Single rod construction

2 Double rod construction ({through rod)

1 The usual cylinder model is the single rod construc-
tion. These ¢ylinders have a piston connected to a piston
rod of a smalier diameter. This creates two areas on
which a pressure may be excerted. Consequently, at
constant pressure the cylinder produces a greater force
at the extending movement than at the retracting move-
ment. The ratio between piston area and ring area is
called the phi-factor.
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2 Cylinders with double rod construction are applied
when:

a the pulling and pushing speed must be equal without
special control components.

b a pulling and pushing force are required simultane-
ously, for exampie, the operation slide of a grinding ma-
chine,

By the application of dissimilar rod diameters the torces
(pulling and pushing} and speeds may be arranged ina
specific ratio.

3 Derivative cylinder models

a Plunger cylinder

This is a special single-acting cylinder inwhichpiston and
rod diameter are the same. The ¢ylinder can only exerta
pushing torce.

b Telescopic cylinder

These cylinders can have both a single-acting and a
double-acting design. They are applied when there is not
enough room for the desired stroke. The telescoped
iength may vary from 1/4 to 1/2 of the stroke.

B ey T S R ]

Fig. 1: Principal diagram of
4 stage - double acting - telescopic cylinder

4  Efficiency of the Hydraulic Cylinder

The mechanical efficiency of the cylinders depends on
several factors.

influential factors at constant viscosity:

a Influence of surface roughness of piston rod, cylinder
walls and bearings.

b Type of sealing and sealing material.
¢ Amount of occuring lateral forces.

d Function {lype) and regulation of the cylinder such as
single-acting, double-acting or regenerative regulation.

e Working pressure.
{ Bore and phi-ratio.
g Cylinder model (single rodhrough rod)

pEion area

Remarnk P —
mg ama

With respect to the above the following ray be stated:

1 High working pressures lead to higher efficiency.

2 Larger bores at a certain working pressure have a
higher efficiency.

3 The lower the surface roughness and lateral forces,
the higher the efficiency.

4 Regenerative regulation gives a lower efficiency with
a pushing function.

5 Cylinder with a through rod has a lower efficiency.

6 High phi-ratio gives a lower efficiency with a pulling
function.

7 Full rubber sealing gives a lower efficiency than a
rubber fabric sealing. Teflon compound sealing gives a
higher efficiency than rubber fabric. Moreover, the effi-

ciency is highly determined, not only by the materiai
choosen, hut alse by the form of the sealing.
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Admissable pushing force p in ton
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5  The Hydraulic Medium

Hydraulic cylinders may work with several types of fiuids.
Usually we find the mineral oils of the type HLP. The
correct type is usually determined by the pump make and
the service temperature atwhich the systemisto cperals.
‘The cylinder has a greater acceptable range of viscosi-
ties than the pump which may, in the case of a badly
chosen oil, soon lead to cavitation.

Apart from the usual minerat oils, it is also possible to
apply synthetic oils, water glycols, water-cil emulsion,
and water. These are usually applied in surroundings
with fire hazards such as steel works, oil rigs, etc.

The medium, in combination with design and consiruc-
tion of the cylinder, determines the working pressure and
consequently the force that can be supplied.

With synthetic oil, water glycol or phosphate ester special
attention is to be paid to the choice of the sealing material.

if the medium water emuision is used or oil-water emuil-
gion with a water content of over 95%, the inner surface
of the cylinder must receive a processing. This process-
ing may consist of special chromium-plating or of chemi-
cal nickel-piating. Cbviously, stainless steel cylinders
may aiso be used.

Water Based and Synthetic Fluids

1 General

Within the very wide range of special fluids water based
and synthetic fluids represernt a subgrouping of fire-
resistant fluids.

DIN 51502 {Issue 79} divides fire resistant fluids into the
groups HFA, HFB, HFC and HFD,

This division corresponds to ISQ/DJS 6071 and Cetop
RP 77 H. Thecode “HF” is made up of the “H” for
“hydrautic luids” and the “F™ for fire resistant. Groups A,
B and C are water based fluids and group D water-free
fluids.

They are used in all cases where, for safety reasons, the
use of fluids on amineral cilbase is not possible, and also
where a possible financial advantage might be obtained.

When comparad with hydraulic fluids on 2 mineral oil
base, fire resistant fluids display properties of a some-
what different structures, which very often adversely
affect the hydraulic elements.
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The following are of valuable assistance:

DIN 24320 (Prelim. standard-corresponds to RN 118.20)
and VDMA 24317 {corresponds to RN 118.17).

These properties must be given due attention in the
project engineering, operation and maintenance of hy-
draulic systems.

This applies equally to existing systems which have to be
changed over 10 a different operating fluid (see Cetop
RP86H and VDMA 24314 corresp. to RN 118.14).

2 Fire Resistant Flulds .

Classification of these hydraulic fluids:

a Water based fluids with the {Cetop)
type codes HFA, HFB, HFC.

b Water-free fluids with the (Cetop) type code HFD.
The various type codes in greater detail:

HFA

- Qil-in-water emuision and micro-emuision with acom-
bustible proportion of 20% max.

- OQperating temperatures between +5 and +55°C, *
— The data sheet RE 09 297/6.84 gives a summary of
the “Operating and Wear Characteristics of Hydraulic
Components in Use with HFA Fluids™,

HFB

- Water-in-oil emulsionwith a combustible propartion of
60% max,
~ Operaling temperatures between +5 and +50 °C*

HFC

- Watery polymer solutions with a water proportion of at
least 35%.
- Operating temperatures between -20 and +60 °C.*

* The temperatures given above refer to the hottest point
in the system. This could be throttie valves, bearings in
pumps, ete.

HFA fluids are further sub-dividad as foliows:

Oil-in-Water Emulsion

-~ Approx. 5% additive {normally on mineral oil base)

which serves as emuisifier and aiso as wear, foam and

axidation inhibitor.

— Droplet size: = 40 10 250 um

— Appearance: opaque

~ Standing for long periods causes separation {precipi
tation)
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95/5 Micro-Emulsion

As oil-in-water emuision

Droplet size: = 210 25 um

Appearance: transiucent

- 'Emulsion stability greater than for oil-in-water emul-
sion, however separation (precipitation} is still possible.

Solutions

Contain up to 5% additives on a synthetic base.
Droplet size: < 0.1 ym

Appearance: clear

Fluidis stable, i.e. no separation (precipitation).

{

1

HFD

- Water-free fluids on a synthetic base
- Thig group is sub-divided into 4 further groups as
nroposed by Cetop and 1SO:

« MFD - R = phosphate-ester

« HFD - S = chiorinated hydrocarbons
«HFD-T =mixture of R + S

+ HFD -4J = other combinations

Normally, Viton seals are perfectly suitable for these
fluids. Howevar, this material is not obtainable for accu-
mulator bladders, which must therefore be manufactured
fram Buthyl. Buthyl is, howegver, absolutely incompatible
with mineral oils or grease on a mineral oil base.

When changing systems from mineral oil to phosphate
ester, therefore, under no circumstances are the residual
oil quantities quoted in the VDMA sheets admissible. A
residual oil proportion of even 0.2 1o 0.4% causes Buthyl
biadders 1o swell to such an extent that they become
completely unusable within a short period of operation.
For this reason bladder type accumulators must not,
under any circumstances, be switched into the systemn
during the flushing process (when residual amounts of
mineral oil are still present in the phosphate-ester).
Above all, make sure that there are no dead spaces in
which larger amounts of mineral oil can gather.

Where the HF D fluid in its most popularuseis concerned,
it should be pointed out (because of compatibility with
seals) that there are three lypes of phosphate ester.
These are:
- Triaryl - Ph.Ester
- Triakyl - Ph.Ester
- Alkylaryl - PH.Ester (mixed)

»
When using HFD - U fluids which are not based on HFD

- R, HFD - S or HFD - T fluids, seal compatibility must be
checked.

3 Hydraullc Elements and Thelr Suitability

it is necassary to investigate the suitability of the hydrau-
lic components for operation on water based and syn-
thetic fluids.

Seal and hose material, coatings, paint and other protec-
tive layers must be compatible with the fluid.

H anti-corrosion and -oxidation agents are present inthe
fluid, then under certain circumistances # may be possible
to dispense with surface protection for this purpose inthe
refevant area. i in doubt, consuit the manulacturer.

Because of the low heat absorption capacity of water
based {(HFA, HFB and HFC) fluids and the poor viscosity/
temperature characteristics of synthetic fluids (HFD),
suitable measures must be taken to ensure that the
correct operating temperature according to VOMA sheet
24 317 is maintained.

4 Filters

Carelfully and continuously monilored filtration is neces-
sary. Filters shouid be fitted in the return line whenever
possible. Suction filtration should be avoided.

Pore size is 10 um.

Please consult the filter manufacturert

5 Pumps

When selecting pumps the pump manuiacturer must be
consulted concerning their suitability.

For axial piston pumps from HYDROMATIK, forexample,
see RE 50 223/10.83 and AP! 067.

Seal compatibility with the operating Hluid must be as-
sured, as already mentioned.

Any non-ferrous metats, or other metals and alioys, inthe
pump which come into contact with the operating tluid
must ot be corroded by it.

If possible, the fluid should possess comosion and oxida-
tion inhibiting properties.

in order to keep the vacuum pressure in the suction area
low, it is important that suitably large opening sections
with minimum throttling and diversions are present.

This appties not only to the pumps themselves, but also
to the complete suction line.

Manufacturing instructions on this point must be strictly
adhered 10.
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Since pumps place the most stringent requirements on
the hydraulic Huid, consideration must be given o the
required duties, having regard o the wear characteristics
with HFC and HFD fluids, as outlined in VOMA, sheet 24
317, point 11 - 11.2.

HFD fluids on a sebacic acid-ester basis (e.g. oleic acid-
ester) shouid not, in our experience, be allowed to come
into contact with lead {Ph), lead alloys or non-ferrous
metal alloys containing lead since this component will
become corroded.

HFA Approved oniy for axial piston pumps
(ses RE 90 223/10.83 and API 067}

HMFB Used primarily in Great Britain.
Please comact Rexroth/St, Neots.

HFC Long-term tests not yet completed
{consultation with Dept. “PU" necessary

HFD Some pump models released
(consuitation with Dept. “PU™ necessary}

6 Valves

HFA

The introduction to the HFA Hydrautic Programme from
Rexroth {data sheet RE 09 450/10.83) outlines the most
impontant points concerning the use of hydraulic compo-
nents with HFA fiuids. The valves listed in the data sheet
have beenoptimised specially foruse with HF A fluids and
in long-term tests have run for more than 10,000 hours
without compiaint. An important point ta note is that the
valves may only be used with a max. pressure drop of
Ap = 50...60 bar.

At almost all major automobile manufacturers, our vaives
have been integrated and tested in pilot systems with a
max. operating pressure of 70 bar without problem. As far
as the hydraulic fluids are concerned, it should be men-
tioned that during long-term testing in our works the
greatest success was with micro emulsions. For ex-
ample, fluid type BPX 5448 hag been in use for 2 years
without any problems in spite of widely spaced inspection
intervais.

HFB

These fluids are in extensive use in the mining industries
of various countries, and also in some steel making
industries.

With the exception of DBD type relief valves which suifer
from servare erosion if in continuous operation, we are
aware of no other probiems with these fluids.

Service life is, however, generally reduced when com-
pared to that obtained with mineral oils,
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HFC

The use of Rexroth valves with HEC tuids has not yet led
to any complaints. For yaars now, HFC fluids have been
used almost exclusively in hydraulic mining machines
with open hydrostatic circuits with both vane pumps and
axigl piston pumps {peak pressure 250 bar).

Rexroth vaives are inuse on machines fromthe foliowing
companies:

HAUSHERR
DEILMANN
WESTFALIA, Linen
BECURIT
EICKHOFF
PAURAT

In addition, some valves are in use with HFC fluids in heat
treatment plants and die casting machines (max. pres-
syre 140 - 150 bar).

In the experience of our Service Dept., particularly when
using the valves in heat treatment plants care must be
taken that the max. temperature fimits at the warmest
pointinthe system are not exceeded, otherwisa the result
will be the sticking of spools in directional valves and also
in pressure and flow valves.

HFD

withHF Dfluids, the pressure range can be alignedtothat
for use with mineral il for nominai pressures up to 315
bar.

7 Cylinders

When ordering, it is imperative to state the fluid to be
used!

8 Change over of Fluid in a Hydraulic System

It must first be checked that the components of the
system are suitable for use with the replacement fluid, as
discussed i paragraphs 3, 4 and 5,

Ermplying and Clearning of the System

The system and alf fis componenis must be emptied and
clganed.

Pumps, motors, accumulators, cylinders and other ac-
cessories, insefar as the fiuid flowsthrough orwets these,
must be dismantled and carefully cleaned. Filter
slements and fiter cariridges should be replaced by new,
syitable ones. .

Flushing fluids, and also suitable cleaning agents, must
comply with VDMA sheet 24 314, page 2 {November
1981).
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Flushing the System

For economical reasons, the system need only be filled
with the minimurm amount of replacement fluid to allow it
to function.

For flushing, the system shoukd be run at low power.
Power is then gradually increased until full power is
reached within 50% of the flushing time.

During the flushing process, contingous bleeding is nec-
essary when operating the various system components.
The max. permissible operating termperature should be
reached it possibile.

Recommended flushing times are as foliows:
When changing from

Mineral cil to HFD: 1 -2 hours
Mineral oil o HFA: 8 hours
Minerai ol to HFB/HFC: 16 - 24 hours
HFAMHFB/HFC to HFD

1. Flushing with minerai cil: 16 - 24 hours
2. Flsuhing with HFA/HFB/HFC: 14 - 24 hours

Draining of the flushing fiuid should take place while the
system s still warm if possible. The condition of the flush-
ing fiuid should be checked and i necessary, a second
flushing operation carried out with new flushing fluid.

Coolers and fitars should be cleaned and filter elements
replaced if necessary.

Re-use flushing fuid only after regeneration and with the
prior permission of the fluid manutacturer.

6 Temperature

The nomal working temperature for the cylinder is be-
tween -10 °C and +80 °C. With service temperatures be-
low or above these values, proper materials for cylinder
main components and sealings have to be selected care-
fully. With low temperatures the sevearal cylinder compo-
nents wilt have 10 be made of materials with increaseg
impact values. Furthermore, the ¢ylinder has to be fitted
with ice-scrapers and possibly sealings that are made
from a special rubber compound.

High temperatures require a viton-based sealing.

With greatly varying temperatures, both expansion and
shrinkage will occur thatinfluence the cylinder mountings
and overzll dimensions. This implies an additional load
for cylinder and parts.

7 Construction of Hydraulic Cylinders

The qualiity of a hydraulic cylinder is determined by the
several detailed constructions of the main components
that a cytinder consists of and their assernbly. Various
methods ot assembly are possible and they depend on
the imtended applications, operating conditions, installa-
tion, regulations and possibilities of maintenance.

Cylinder for heavy industry with high pressures and/or
long strokes, cylinders for bridges, sluices and off-shore
are characterized by a bolted head and bottem. For
maritime application, a smooth exterior without projec-
tions is often chosen .

Formobite, agricuftural and related industry applications,
the cylinder must be light and compact.

The main compeonents that the cylinders consist or are:
-~ Piston

- Piston rod

— Cylinder head (front head/gland}

- Bottom (rear end}

- Mountings

-« Cushioning

Piston Construction

The piston is fitted with a liner and a sealing. The liners
may be of bronze, cast iron, or plastic. Bronze and cast
ironbearings are characterized by good heat dissipation
and can be made accurately to size. The permissible
surlace prassures rise from 300 N/iom? to 1200 NiemZ,
depending on the chosen material and the nature of the
load, dynamic or static.
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Bronze gives a high permissible piston speed, is shock-
resistant and wear-resistant. Moreover, it has a lower
frictional resistance with irregular lubrication.

Pistonseal rodside Cylindershell Pistonbearing

A 4

Pistonrod \ Platonnut

\ﬁtonpm

Fig. 3: Typical design of double acting piston

4 O-ring

Artifical liners, in combination with compact sealings,
offer a possibility of a simple piston construction. They
can absorb vibrations and shocks. Also because of their
resistance to corrosion and their self-lubricating quality,
they may be used in water hydraulics applications. inthe
design, however, the low heat conduction coefficients
and moisture absorption resuiting in dimensional vari-
ations have fo be taken into account.

The most frequently used artificial liners are PTFE, rein-
forced with bronze, glass, carbon, polyamides and phe-
not resins reinforced with fabric. With the single-acting
cylinder the piston is fitted with one sealing on the pres-
sure side. The double-acting cylinder has a pistonwith a
sealing on both sides. Between these two sealings isthe
piston liner. This liner receives optimum protection b»-
cause both seafings, inthe case of soiled ofl, alse prevent
the soil from getting between the bearing and the casing.

in order to effect optimum lubrication, rubber-fabric seal-
ings are chosen. The fabric aifows sufficient iubricant {o
pass the sealing. Full rubber seafings on the piston may
lead to probiems inthis respect. Withcompact pistoncon-
struction the starting point can be a one-par piston. The
sealing is drawn over the piston and the liner strips arg
placed around the piston. Applications with high piston-
speed, metal or artificial piston rings must be used.
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Allowable speeds, based on sealing material

Rubber (NBR) / Polymethane 0.2 - 0.5 m/sec.
Rubber-fabric 0.5 - 1.0 mvsec.
PTFE-compounds up to 15 misec.
Matal (Cast-iron} up to 18 m/sec.

Piston rod

On of the most important parts of the hydraulic cylinder is
the piston rod.

The hydraulic force generated by the cylinder must be
taken up by the rod and transmitted. Apant from the
meachanical qualities that are determined by these forces,
the finish of the rod must be such that the sealing can
function propertly.

Furthermore, the piston rod must be sufficiently wear-re-
sistant, seratch-resistant and corrosion-proof. The piston
rod is therefore grinded or honed, and fumished with a
wear-resistant and/or wear-resistant/corrosion-proof top
layer. n the case of extremely high lateral forces and
bearing ioads, or whenthere is risk of external damageto
the piston rod, e.g. through falling material, the piston rod
surface is usuially hardened. Depending on the intended
field of application, the right material and the protective
layer must be chosen.

A Non-cofrosive-surroundings

The piston rod is made of a high-grade carbon steel and
fumished with a hard chromium plating of 25/35 um,
generally suited for industrial applications where no acids
and chiorides occur in the environment. Also for outside
installation, when the cylinders are mostly drawn in and/
or move frequently, this quality may be used (one might
think of earth-moving machines).

B Medium corrosive surroundings

Hera the basic material is also carbon steel; the rods are
furnished with 2 x 25 um hardchromiumaplating. itis better
suited for cylinders that are exposed o moisture for a
prokonged period; ess suitable for maritime purposes.

C Highly corrosive surroundings

With applications where the cylinder comes into contact
with seiled river water, sea water or air pollution, a choice
of thickness must be made for alayer of nickel-chromium,
Depending onthe agressiveness, the carbon-steelis pro-
tected with 60 um rnickel and 40 pm hard-chromiumupto
100 pm nickel and 60 um hardchromium. With underwa-
ter applications 100/80 um is always preferred. The
nickel fayer will always cover the parent material com-
pletely and protect it from the corrosive influences of the
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surroundings. In contrast with a chromium layer which
always has micro-cracks as a result of the process, this
nickel layer gives full sealing. Possible iregularities
{faults) inthe layer can be repaired by dot-weiding. As the
wear-resistance and scratch-resistance of the nickel
layer are poor, a chromium {ayer is placed on top of this
{ayer. The nicke! layeris placed in view of protection from
corrosion. The chromium fayer is placed in view of the
operating qualities.

D Extremely corrosive surroundings

Here achoice is made for siainiess steel. The quality AiS)
431 (X22CrNi17) has high mechanical vaiues and offers
good resigtance to seawater and a large number of
chemicals. inorder to obtain sufficient resistance 1o wear
and scratching it is recommended to furnish the piston
rod with a hard chromium layer of 25/30 um. Apart from
the piston rod constructions mentioned above there are
various alternatives that are suliable for special applica-
tions. For hydro-electric power stations in lakes and
rivers AISE 420 (1.4021) is often applied. This steel does
not contain any nickel and is therefore not suited for
seawater. in harbour areas with & high level of air pollu-
tion together with @ maritime atmosphere, stainless steel
with a nicke! chromium layer may be required.

Checkingof the protective layer cantake place by a visual
check but aiso by means of a salt sprinklingtestonarod
sample, in accordance with ASTM regulation B117. The
duration of the test can be made dependent of the
intended field of application and the environmental con-
ditions (500-1200 h), acceplation criterions in ace. with
IS0 standard 1462.

Cylinder Head Construction

The cylinder head contains the piston rod liner, the piston
rod sealing and the wiper ring. As with the pistonliner, the
piston rod layermay be bronze, cast iron{or) artificial ma-
terial. The piston rod liner however, will always be more
heavily ioaded than the piston liner and is subject to edge
loads, especially when the cylinder is in horizontal posi-
tion. Therefore, a bronze liner is 1o be highly recom-
mended. The sealing must be absolutely positive, be-
cause, unlike the piston sealing, a leaik may be harmfui to
the surroundings in this case. Asthe piston rod, certainly
with long-stroke cylinders, is rather flexible, muitiple lip
sealings are tobe preferred. As aresuit of the greatlength
afthe sealing, it follows the pistonrod adequately. For low
friction and higher speeds & piston rod sealing must be
made from an artificial material such as PTFE. These
have the disadvantage that they do not ofter fully positive
sealing. This can usually be countered by a separate cil-
leak connection. The dint wiper ring prevents the penetra-
tionot dintinto the cylinder. there is a possibility of a layer
of ice forming on the piston rod or if mud and shellfish
deposits occur, an additional metal wiper ring has to be
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projected besides the rubber wiper ring. With underwater
application of cylinders an extra sealing will has to be
fitted in the cylinder head to prevent the infiow of water
into the cylinder. The sealing lip of this sealing istherefore
positioned outwards.

E:

Fig. 4: Typical design: of bolted head with built in cushioning
device

Bottom Construction

The bottorn may be welded, boited or threaded. At the
sams time the bottorm may be part of the mounting. With
long-stroke cylinders the botted bottom has advantages
with respect to cleaning, inspection and maintenance
possibilities, The sealing of a bolted or threaded bottom
is achieved by means of an O-ring with a back-up ring or
a groove ring sealing with larger dimensions. Usually the
bottom is used for the mounting of the control block, or is
constructed as the control block. It is importartt in this
respect to construct the bottormn in such a way that
deformations do not influence the movements of the
siides and vaives of the built-in valve apparatus. Things
hecome more criticai if the same bottomn also comprises
the cytinder mounting. Exira attention is to be paid then
to the relisf grooves in the bottomn. Preferably, the bottom
is to be made from cast or forged materials, in which
laminar faults, which occur in relled plates, are avoided.

RE 03 125/10.87



The Hydraulic Cylinder

Casing

%+ Casing constructions

The casing is made of a seamiess steel tube, possibility
fitted with mounting flanges for the cylinder head and
battom. This tube may be welded, rolled or drawn. The
lube is processed through tumning, deep drilling and
honing in such a way that an accurate running surface
and sealing surface are effected.

The piston sealing moves along the cylinder casing and
provides sealing along this surface. As a result of the
irternal pressure, the casing will expand which will tum
give the piston increased clearance. This extra clear-
ance, besides the tolerance, must be bridged by the
piston seaiing.

The casing rust be calculated on this intemal pressure.
By application of materials with high mechanical values,
a relatively thin wall may be chosen, However, the
expansion of the casing does not depend on the tensile
stress and yield point of the material, butis determined by
tha thickness of the wall, imternal diameter, pressure and
efasticity module. Because of technical and mechanical
properties in cinjunction with a reduction of the expan-
sion, it may be necessary 1o increase the wall's thickness.
if the wall is at the same time subject to a bending

moment, e.g. with a foot mounting of the casing, this wili
have to be inciuded in the caicuiation of strength. The
casing is finished by means of honing and roifing. With
rolling a deformation of surface tops takes piace in the
lower sections. As aresult of wearontherunning surface,
this leads to roughening, incontrast with a honed surface
which becomes less rough.

2 Calculations of cylinder casings

The basis of the calculation of cylinders is found in
several standards and regulations specific order docu-
mentation or instructions from several inspecting authori-
ties.

= Stress in tangential direction
o, = Strass in radial direction

o. = Stress in axial direction

» raduced strass

g, w=ideal strass

2
g ™ G~ T,

G‘mz‘ %[(0: - ar}z’*’ o+ cx)2+ b, - 0"2}
r;2+1
-1

Oy= max<a, = Pl O.= maxg, = —Pi
Pi
n? -1
. 2112
Gy Pi ‘—15-:—1- n=

a.li}

pedaw?

o
n -1

Expansion formuia;

Di+s A
- « Pje - —
e 2P0 -

for steal k= 0,3

Table 2; Formuias of mainstress and defoction at cylinder shell
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1) AB.S.
U.S.C.G. Calculation according to AS.ME
. 2+5E.T
- — Ew 0,85
o ongiudnal ey Nmemd)
S-E«T
7 - | ST LTI En 1
a cicumferantial= —— e Mmm3
G hurst SHOSS = s 'é‘ I = (Nmm3
— o bust
CuS = T amm3
. . W-R
M. walthikness B: T= TS E oy fmm) E=t
23
ﬁ- —
> {mm)
y=04

W » pressure (bar)

) DNV,
Mn. walthickness: T= P_' i +C e = 1(N/mm?
1000 -05-P Di
Ris = {mmj}
2
C= 1

P = pressure (bar)

02 o burst

Ty Memd

Table 3; Summary of cakcuiation nomms for cyfinder shells, according 1o the several approval authorities
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Mounting

The way in which a cylinder is mounted or suspended is
important. it partly determines the size of the piston rod
diameter and the choice of mounting also influences the
life expectancy, maintenance frequency and the general
proper functioning of the machine. (mproper mounting
not only destroys the cylinder but can cause serious
damage to the machine inwhich the cylinder is mounted.
Incorrect choices of mounting cause excassive and un-
necessary lateral forces, resulting in piston and piston
rod. Moreover the mounting determines their buckling
length and consequently the max. permissible pressure
load. The following mountings may be distinguished.

A Casing mounting

Rigid mounting

Front flange {flange at head end
Bottom flange (flange at cap end)
Center line mouning

Foot mounting

With the first three types of mountings the reaction force
runs through the centerline of the cylinder. With the
mounting device the casing is loaded on bending. i the
load {force) is guided, the alighment will have to be
accurate in order to eliminate lateral forces.

a 0o O n -

2 Oscliiating mounting (iree in one direction)

e Trunnion mounting

{ Steel clevis/double blade clevis

With this mounting the cylinder can adjust irone direction
of movernent. Here $o0, attention is to be paid o the
alignment ransverse to the free direction of movement.
3 The self-aligning oscillating mounting

g Steel clevis with spherical bearing {pivot mounting}
f Cardan on casing

With these mountings the cylinder is free to adjustto the
guiding. The lateral forces are minimized here and only
comprise the friction in the points of suspensionandas a
result of their own weight.

RE 03 12511087

B Piston rod mounting

1 Rigid mounting
a Flange mounting {threaded on rod or forged)

b Machine element threaded directly to rod and. Here
the forces have 1o be as centric as possible. Excentric
load rasults in increased bending moment on the piston
red and introduces additional ioad on the pision rod liner,
and consequently influences the iife expectancy.

2 Osclliating mounting

a Steet clevis/double blade clevis

b Trunnion (special). Here the cylinder is only free in
one direction of movement and attention is therefore
required forthe alignment transverseto the free direction
of movements.

3 Self-adjusting osclifating mounting

a Siael clevis with spherical bearing {pivot mounting)

b Socketrspherical joint on rod. Here optimum freedom
for cylinder resuiting in minimized lateral forces.

Fig. 5: Typical mounting of cylinder shells
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Fig. 6: Self-aligning clevis with spherical beanng with seats fow
undsrwatser use

14

Assembling main components into hydrau-
fle eylinders

Several methods of assembiy are possible and strongly
depand on the intended applications. The most simple
consiruction is that in which head and bottom are welded
to the ¢ylinder. This obviously has the disadvantage that
it is not possible to replace the piston seals. For industrial
appiication and especially with tool-machines tierod cyl-
inders are often used. The head and the boltom are
fastenedio the cylinder casing by maans of fie rods. Both
niead and bottom are usually of 3 sguare construction. At
the same time mounting elements can also be fastensd
to the cylinder by maans of thase tie rods. Cylinders lor
high pressures and cylinders with a fong stroke are con-
strucied with a bottorn and head which are mounted by
means of thread or with bolts, studs, etc. In this way, op-
tirmum service and assembly possibilities are acquired.

Angther method of assembily is that with a weided bottom
and a threaded or bolied head. This gives the cylinder a
simooth casing which may be an advantage in many built-
in applications. Depending on the package of require-
menis, determined by operating conhditions, environ-
mental influences, field of application, life and service
possibiiities anoptimum constructiors of the cylindsr must
be chosen.
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L |

Fig. 7: Cyfinder with control biock mounted directly an cylindar

Fig. 8: Double acting hydruiic cylinder with boftsd head and bottom
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8  Hydraulic cylinder
as a part in a closed-loop circuit

Caused by the automation of machines, implements and
instaltations also the demands, which are set to the hy-
draulic systems, have changed. The cylinders should be
moved faster, should be positioned more precisely and
more functions in the cylinders should be combined. The
hydraulic cylinder is also more often a part of a closed-
loop circuit or even is a loop itself.

Definition of regulation

Regulating engineering control systems, that are aimed
to let certain quantities within a proces develop in a way
that has been determined beforehand.

This means that a re-notification about the changed
quantity, containing a comparison between this quantity
and the one desired, has to be given. This is the major
difterence between “steering” and closed-loop systems.

Feed-back

The feed-back quantities can be:

- movement

- speed

- force {(of ¢ylinder, product or construction)

-~ acceleration

- p {pressure-difference bottom/rod side)

Inreality, the groups’ “movement™ and “speed” - {ransdu-
cers are combined in one transducer, from which, out of

the glectrical output signai, movement as well as speed
can be differentiated.

As general term we use “measuring devices”.

il

Puise Receiver
E ilsatﬂcal Puise Capper Wire
E 1 AN ISRy !
e T AT R g e is ¢
1 i [ i R R
hal et
v Wave-Guide A ol N
Uitranonic Puise ....:
S
Puise Transmitter

[ [ A

Pulsas taunched '
| dt
Puises received M mnm W mm" B
Ret.-Voits
betore integration | c
oc
Average DC output voltage D
i+

Fig. 9: B5 - magnetic/ultrasonic position / velocily indicating device
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Fig. 10:  Eddy - current pasition / velocity indicating devica
{Vibre-meter)

Main groups

A Mechanical or mechanical electronic
position indicators

B Electronical position indicators/
blank contact measuring devices

Besides, a distinction must be made between digital,
analogous, absolute and incremental.

Digital

1t is atways possible o give an exact value in figures at
every moment, however, there will always be values or
positions to chose in between (f.a. x N).

Analogous

it gives a continuous indication of the quantity to be indi-
cated, without any intermediate stages; in connection
with the extremes.

Absolute

It is always possible to get information about the position
out of the positioning signal, without any knowladge of
earlier positions.

incremental

Indication is linked 10 an earlier position, so this gives
“relative” information”.

At Externally, by means of a thread-unroll-mechanism

This mechanism {bamel, prestrained by a spring) is con-
nected with a potentiometer or puisecounter, which
counts as the incoming signal to the reading device
(Accuracy * 1%).

RE 03 125/10.87

Advantage:

1 simple assembly

2 simple accessibility

Disadvantage:

sensitive for damages, stretch and temperature.
A2 Internal, by means of a heilix in the piston rod

It is forced to rotate during a transiating movement by a
tracer pin. This rotation is being pushed outside via a
straight or square gear-whee! transmission, where a
rotary-potentiometer is driven (Accuracy * 0,5%).
Advantage:

1 Optimum protection against influences from oulside

2 The electrical part is positioned on the outside of the
cylinder and is very accessible and exchangeable.

3 The mechanical part can {under influence of pres-
sure) grow with the dimensions of the cylinder.

Eiectrical/electronical position indicators have a fimited
length and so they are stroke-limited.
Disadvantage:

Not suited for small pistonroddiameter
{suitabie from piston rod diameter & 90 mm).

Bt  Inductive position indicator

A core with a bridge circuit is brought in a measuring rod.
The inductive influence of this measuring rod, which is
positioned in a drilled hole inthe rod, ¢auses a change of
the output signal, which is also a measureforthe position.
Accuracy 0,1 - 0,.5%.

Advantage:

1 simple assembly

2 suitable for small cylinder dimensions

Disadvantage: )

1 limited stroke length {max. 1250 mm)

2 not very accessible, an electrical failure requires a
complete disassembling of the cylinder

82 Eddy current pasition indicator

This principle is comparable with above mentioned in-
ductive pesition indicator. The difference is that eddy cur-
renis are used as a signai former instead of induction.
Accuracy 0.5 - 1 %.

Advantages and disadvantages are the same as men-
tioned under B1, Inductive position indicator.

17
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B3 Sound position Indicator

An ultrasone *soundiransmitter” gives a pulse, which is
controlted by the cylinder or accumulator. A built-in mea-
suring reference is taking care of stabilization of the tem-
perature influences, and is also taking care of the possi-
bility of {functioning independentiy from the medium.
Accuracy 1 %.

B4 Magnetic position Indlcator

A magnet{s) moves along a non-maghetic pipe, where a
numberof “Reed™-contacts are connected with a resislor-
chain. Depending on which contact is shut or made, a
voltage-divider, which shows the position, is originated.
Accuracy: 3 mm.

B5  Magnetic/ultrascne

By sending an electrical pulse into a thread, a magnetic
field originates. inside a stainless steel protecting pipe,
which is situated around it, this magnetic fiekd stimulates
an ultrasone shock wave, which reflects in the direction
of the senderfraceiver. The time between this is an indi-
cation of the movement,

Accuracy 0.02 - 0.05 %.

86 Optical position indicator

By means of a very fine screen on a glass or a steel re-
tiecting surface, a ray is transmitted or interrupted {¢.q.}
reflected/absorbed. By an absolute or incremental divi-
sion of the screen, an indication of the position can be
given.

Accuracy up to 0.005 mm.
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9  Sealings

With respect to the cylinder two groups of sealings are
distinguished:

a Static sealing

b BDynami¢ sealing

a  Static sealing

This concems cylinder bottom, cylinder head and flange
sealings. The usual sealing is the O-ring sealing with or
without back-up ring. The rubber O-ring provides the
sealing and the back-up ring has an anti-extrusion func-
tion i prevent the O-ring from flowing into the clearance.
Forlow pressure, a nubber hardnessisusedof 70 °Shore.
For high pressure, 80 °Shore is required. The back-up
ring is made of PTFE or synthetic resin bonded fabric.
Thediameter of the O-ring varies with the diameter of the
bores fo be sealed. High pressure and large diameter
require a compiete seal (groove ring or chevron) instead
of an Q-ring. Here too, depending on the circumstances,
the seal is supported by a back-up fing.

b  Dynamic sealing

This type of sealing has a doubis sealing action. One side -
{diameter) of the sealfing has a static sealing function
whereas the other side {diameter) has & dynamic sealing
function. The following may be distinguished.

1 Rod sealing

2 Piston sealing

1 HRod sealing

The rod sealing must be feak proot, however, it must also
leave a thin oil filrn an the piston rod. The following types
can be applied depending on the operating conditions.

2 Multiple lip sealings

{chevron) for heavy duty operating conditions, long cylin-
der stroke.

applicable: Pressures up o 400-600 bar
v=.5 nvsec.
t = 30°C to 100 °C,
Material: full rubber/rubber tabric
Advantage: foliows the bending line of the pisten rod

weli, high operational reliabifity.

Disadvantage: High friction
risk of nunning dry
{certainly with {ull rubber)
risk of stick-siip
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b Groove ring sealing

The pre-siress is acquired by deformation on push or pult
in the circumierence of the sealing lip. They are made in
symmetrical and asymmetrical form. The asymmetrical
form has the advantage that it does not tit $o easily inthe
groove. The fonger lip provides the static seaiing,
whereas the shorter lip has the dynamic sealing function.
The sealing consists of one sealing fipandistherefore not
suited for long stroke cylinders or for cylinders that are
subject to vibrations.

¢ Compact seafing

The pre-stress is affected by the radial deformation of the
total sealing section. The sealings can usually be placed
in a closed sealing chamber (goove), and therelore are
often called shap-seals. (Short length, sealing not suited
for long stroke cylinder.

d Tefion sealing ring

The pre-siress is effected by the radial deformationof a
rubber ring. This exens a radial force on the Teflon
sealing ring. As a result of increased pressure the rubber
pre-stress has more deformation which presses the
sealing ring more strongly against the area to be sealed.

The PTFE sealing ring is reinforced with metal oxydes,
metal powder, glass, carboh, graphite, molybdenum-
disulphide etc. ’

Advantage: slight triction
stick-slip free running cylinder movement
high permissible speed

Applicable: pressures up to 600-800 bar
v = 15 mvsec
t=54°Cupto200°C

2 Piston seaiing

For the piston sealing the same types of sealing apply as
for the rod sealing. Preferably no fuli rubber sealing is
projected on the sealing. This applies especially if the
liners are situated betwaen the sealing, since this results
in dry running of the liners.

Moreover, these sealings may bum as a result of high
sliding pressures.

RE 03 125/10.87
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Parameter
p v
Applications Material bar teC m/S | Fluld
NR«fabric 630 ~30 10 160 05 | Water,
Heavy Duty emuision
Hydraulics
NBR+fabric £30 ~30 1o 120 05 | Qi
NR+fabric 630 -30 10 160 05 Water,
Haavy Duty amulsion
Hydraulics
NBR+iabric 830 -30 to 120 05 {1 Qi
Pressas: split rings o,
specially for nan- NBR«+fabric 830 =30 10 120 0.5 watar,
adjustable housings aemuision
Presses Oil,
Ram seals NBR+tabric 630 ~30 to 120 0.5 | water,
amulsion
Qil,
NBR«+fabric 400 -30 to 100 05 water,
Hydraulic Cylinders ermulsion
for Stationary and
Maobite Hydraulic
Equipment FPM-+fabric 400 | ~15t0 160 05 { Qi HFD
Qit,
NBR+fabric 250 -30 to 100 0.5 | water,
Hydrauiic Cylindars emuision
or Stationary and
Maobile Hydraulic
Equipment FPM+fabric 250 -15 10 160 05 | Qi HFD
Table 4; Rod seals
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Paramaeter
. p v
Apptications Cross Section Material bar t°C m/S | Fluld
Series S 25 and Style 0155
Earthmoving Equipment oil,
Mining Equipment " : ; NBR+fabric 250 -30t0 100 0.5 | water,
Telscopic Cylinders emulsion
Fork Lift Trucks
Mining Equipment Qil,
Agricultural Equipment Ny NBR4+fabric 250 -30to 100 0.5 | water,
Fork Lift Trucks amuision
Series 58
Mining Equipment Qil,
Jacks NBR+iabric 200 -30 to 100 0.5 | water,
Agricultural Equipment amulsion
Control Equipmant
Style 1524
Heavy Duty Qil,
Hydraulics NBR+abric 200 -2010 100 0.5 | water,
Rod and emulsion
Plunger seal
Styla 1120
Heavy Duty Oi,
Hydraulics NBR-+fabric 250 ~3010120 0.5 | water,
amulsion
Saries G 10 .
Hydraulic Cylinders Qil,
: NBR-+fabric 250 -3010 120 0.5 | water
amuision
Style 0141
Tslascopic Cylinders Oil,
Nbr+fabric 220 -20 to 160 0.5 water,
emuision

Table 5: Rod seals
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Paramaeter
p v
Applications Cross Sectlon Matarial bar t°C m/S | Fluid
Style 2250
O,
Pneumatics NBAR 160 -30t0 100 0.5 | water,
Hydraulic Cylinders amulsion,
air
Omoegat
Extremaly low Style OMS Qil,
Friction Hydraulic Style OMS-MAR NBR+PTFE 400 -30 10 120 1 watar,
and Pnsumatic Style OMS-S emuision,
Cylinders air
AIRZET Typ PR
Pneumatics
Rod seals NBR 1¢ -20 to 100 2 Air
Pneumatic gate valve
Saries
Wiper rings PO Dirt,
for rods and P7 NBR ~30 10 100 05 | oil
pistons Style water,
Styla 0157 spit 0157 emulsion
Style
High efficiency 0147 Dirt,
double lip Style NBR+PA 250 3010 100 0.5 | oil,
wiper seal 0148 watar,
emulsion

Table 6: Aod seals
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Table 7: Piston seals
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Parametar
p v
Applications Cross Section Material bar 1°C m/S | Fluid
Qil,
Earthmoving Equipmant NBR+fabric 250 -30to 120 0.5 | water,
Dia Casiing Machinery ' amuision
Injaction Moulding
Machinary FPM+{abric 400 -1510 160 0.5 | Qil, HFD
Style 1525
Pneumatics Gif,
Hydraulic NBRa+fabric 200 =20 to 100 0.5 watar,
Cylinders amulsion
air
Series G 18
Earthmoving Equipmant Qil,
Fork Lift Trucks NBR+fabric 400 -30to 120 0.5 | water,
Die Casting Machinery amulsion
Injection Moulding
Machinery
Sares G 11
Agriculture Equipmant Qil,
Ships Hydraulics NBR+fabric 250 -30 to 120 05 | watar,
amuision
Fork Lit Trucks Qil,
Mohbife Cranes NBR-+fabric 400 -30 to 100 0.5 | water,
Agricuttural Evipment emuilsion
Machine Tools Qil,
Preumatics NBR+PTFE 400 ~30 to 120 05 | water,
Agricufture Equipment emulsion
air
Pneumatics
NBR 10 —2010 100 2 Air
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Notes
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