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 ■ 1 Introduction

Poclain Hydraulics d.o.o. is a well-
-known and respected supplier 
with many years of experience and 
competences in industrial hydrau-
lic systems design and production. 
Strong engineering and a produc-
tion base located in Žiri, Slovenia, 
allow the implementation of pro-
jects for even most demanding cu-
stomers.

Industrial hydraulic systems are 
usually built as open-loop statio-
nary units driving industrial ma-
chinery. They can be designed as 
stand-alone units consisting of all 

sub-systems except for actuators or 
with each sub-system as pump sta-
tions, hydraulic control manifolds 
and oil tank separately integrated 
into the machine.

Horizontal bailer presses are auto-
matic machines used for compres-
sing and packaging larger amounts 
of various materials. As high forces 
and long working strokes are nee-
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Abstract: This article presents the project of a hydraulic system that drives a larger hydraulic bailer press. It 
describes all phases of the project from its design to its production, testing and commissioning.

The hydraulic system design follows strict demands in terms of machine productivity and reliability as well as 
the needs for compact design of hydraulic controls running at a fluid flow larger than 1500 L/min. Specific so-
lutions have been chosen for the optimal utilization of available power to reach the highest possible actuator 
speed and force and also to assure a high level of energy efficiency.

Due to large fluid flow, hydraulic controls are designed with logic elements. But despite relatively complex 
schematics, all main control components are integrated into only one larger control manifold. This also nicely 
demonstrates the manifold design and production competences of Poclain Hydraulics d.o.o. As it is usual for 
demanding machinery running in a more aggressive environment, more attention was paid to fluid cleanliness.

The complete hydraulic system was successfully delivered and commissioned. It is a result of our own competen-
ces in industrial hydraulic systems design as well as in the production and testing of complex control manifolds.
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ded they are mostly hydraulically 
driven using one large main hy-
draulic cylinder which makes the 
compaction. They are built in diffe-
rent sizes with various options and 
adaptations to specific materials. 
Typically they are implemented into 
larger waste management facilities 
or near production lines generating 
a constant flow of waste material. 
Their productivity, efficiency and 
reliability play a crucial role for the 
users. That is why producers of bai-
ler presses look for competent sup-
pliers of hydraulic systems.

 ■ 2 Hydraulic system 
design

The hydraulic system is designed 
for flow exceeding 1500 L/min. It 
includes:

-  pump unit with electronically 
controlled axial piston pump 
and additional fixed-displace-
ment pump,

-  main hydraulic control manifold 
driving main cylinder and pre-
-compression system,

-  control manifolds for auxiliary 
functions,

-  off-line filtration and cooling,
-  oil tank with fluid control.

To fulfil the customer demands in 
terms of productivity and reliability 
at given power and space constra-
ints, some specific engineering so-
lutions were implemented:

-  regenerative circuits for main 
cylinder and for pre-compressi-

on system – both differential,
-  integration and connection of 

both regenerative circuits in one 
manifold to assure minimal dead 
stroke and return stroke time,

-  counterbalance function imple-
mented with logic elements,

-  electronic p-Q control of input 
flow,

-  soft shifting,
-  cooling and filtration sub-sy-

stem.

As some technical details are criti-
cal from the intellectual property 
standpoint, only general informati-
on about the hydraulic system and 
applied solutions will be presented 
in this article.

 ■ 2.1 Main hydraulic 
control manifold
The main hydraulic manifold per-

forms the function of two regene-
rative directional control valves – 
one for the main cylinder and one 
for the pre-compression system. 
Both directional valves are inter-
connected to assure the fastest 
possible dead stroke and return 
stroke resulting in a very high flow 
exceeding 1500 L/min on one of 
the control edges. The benefit of 
the regenerative function is that it 
leads fluid from the cylinder ou-
tlet back to its inlet assuring a fast 
stroke at its given pump inlet flow. 
It is applicable with differential 
cylinders only during their dead 
stroke and return stroke at low 
pressure.
 
As the flow is too large for spool 
directional control, 2/2 solenoid 
controlled DIN slip-in cartridges 
are used as logic elements com-
bined in the directional function. 

Figure 2. Typical stand-alone de-
sign of hydraulic system 

Figure 3. Horizontal bailer press with feeding system

Figure 4. 2/2 DIN slip-in cartridge and simplified symbol of regenerative 
directional 
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Such a solution complicates the 
design as each port needs its own 
2/2 valve but it also offers the 
possibility to align each valve size 
exactly to the flow. This is especi-
ally important at regenerative cir-
cuits where significantly different 
flows appear on different control 
edges.

The main hydraulic control block 
includes eight piloted logic func-
tions in various sizes. While the 
main function is made of standard 
2/2 DIN cartridges in various sizes 
their pilots are custom designed 
according to machine require-
ments.

 ■ 2.1.1 
Counterbalance valve
To achieve smooth operation of the 
pre-compression system cylinder it 
needs to be counterbalanced. Usu-
ally ready-available counterbalance 
valves are used but in our case due 
to large flow and potential simpli-
fication of control circuit, counter-
balancing was achieved by specific 
upgrading of some of the existing 
DIN slip-in cartridges by adding 
counterbalance valve to their pilot 
assembly. This kind of solution was 
unique and needed careful testing 
and tuning before its implementati-
on. The risk that the solution would 

not prove correct was mitigated 
by preparing alternative solutions 
that could be used in case of failure 
although not being ideal. In-house 
tests and final commissioning have 
proven the solution and today, 
smoothly controlled operation of 
the pre-compression system is one 
of the machine’s advantages.

 ■ 2.1.2 Manifold 
machining, assembly and 
testing
The hydraulic manifold was de-
signed using 3D CAD modelling 
upgraded with a module for hy-
draulic manifolds design that su-
pports the optimal CAD design in 
terms of compactness and machi-
ning optimization and also assu-
res automatic CAM preparation 
for CNC machining. Poclain Hy-
draulics d.o.o. in Žiri has a strong 
machining workshop and block 
machining is one of its core com-
petences.
 
All hydraulic manifolds are te-
sted before being installed into 
a system. The purpose of testing 
is to check for possible product 
failures as for instance wrong in-
ternal connections or integrated 
valve malfunction, as well as to 
check if their characteristics fit 
the project needs. As the func-
tion of manifolds can be very 
complex with size exceeding the 
available testing flow or power 
it is very difficult to simulate a 
real operational environment. 
Therefore the designer needs to 
prepare a testing procedure that 
checks critical performance as 
close to real operation as possi-
ble.

Figure 5. Main manifold design. Pilot valves are located on the surface of the block 
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 ■ 2.2 Pump unit

Assuring a high productivity of the 
bailer press also means that availa-
ble energy needs to be efficiently 
consumed in order to perform a 
machine cycle that constantly swi-
tches between high forces needed 
to compact the material and high 
speed needed to make dead stroke 
and return stroke as fast as possible. 
Ideally, the combination of pressure 
and flow at a given moment needs 
to match exactly the cycle deman-
ds. This was achieved using an elec-
tronically regulated variable-displa-
cement pump that proportionally 
sets the position on its p-Q curve 
following machine electronics.

The drawback of variable-displa-
cement pumps is their cost which 
increases significantly with pump 
size especially if the flow needed 
exceeds the range that is frequently 
used. The solution is that variable 
displacement is used only in the 
flow range that needs to be regula-
ted and the remaining flow is assu-
red by a fixed-displacement pump. 
In our case, switching to high flow 
is needed for dead stroke and re-
turn stroke, which both happen at 
a lower pressure. Therefore a fixed-
-displacement pump can be simple 
and cost efficient.
 
One of the advantages of proporti-
onal flow control is also the possibi-
lity to support soft shifting of large 
cylinders. The main control mani-
fold switches with on-off logic ele-

Figure 8. Test bench for manifolds and main hydraulic manifold during testing on test bench 

 
Figure 7: 3D CAD model of machined block 
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Figure 9. Variable-displacement pump with electronic p-Q control and ad-
ditional fixed-displacement pump 

 
Figure 9: Variable-displacement pump with electronic p-Q control and additional fixed-

displacement pump 

 

Figure 10: Offline circuit for filtration and cooling 
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ments and this causes immediate 
blocking of the cylinder movement. 
At larger speeds and weights high 
pressure peaks can show up during 
the switching of movement with a 
devastating effect on the system’s 
operating life. Some dampening 
can be achieved with specially sha-
ped poppets, but its effect is limi-
ted. With an electronically control-
led pump its flow can be decreased 
anytime in the cycle causing the 
slowing down of the cylinder. This 
slow-down can happen right before 
the switching of the control mani-
fold. Decreased speed of the cylin-
der means less kinetic energy that 
has to be absorbed by the system 
when the control valves stop the 
load movement.

 ■ 2.3 Filtration and 
cooling of hydraulic fluid
Poclain Hydraulics d.o.o. has  many 
years of experience in fluid con-
tamination management. A large 
part of it comes from projects built 
for demanding industrial applica-
tions. But deeper knowledge was 
created when fluid cleanliness was 
studied and monitored on hydrau-
lic test benches in the company’s 
production. This application is very 
interesting from the fluid cleanli-
ness perspective as the demands 
for clean fluid are very high but 
the system suffers from constant 
pollution ingression coming from 
new parts. Proven solutions were 
then standardized and implemen-
ted also on hydraulic power units 
offered on the market.

Oil cleanliness is crucial for a relia-
ble operation of hydraulic systems 
especially in applications where the 
system is heavily loaded in terms of 
system pressure, switching frequen-
cy and duty cycle. Good filtration 
and humidity removal used in air 
breathers, tight oil tank cover sea-
ling and effective cylinder scrapper 
seals are critical to prevent external 
contamination ingression during 
operation.

Filtering using in-line or return-line 
filters was not recognized as opti-
mal for such a bailer-press hydrau-

lic system. In-line filters working at 
high flow and pressure are expen-
sive and together with piping they 
can take a lot of space. Another 
problem is the high fluctuation of 
the flow rate which decreases the 
filtration effectiveness. This is even 
more obvious when return-line fil-
ters are used in combination with 
differential cylinders.

Offline filtration with constant flu-
id flow is used as the main and 
only filtration of fluid in the sy-
stem. This means that a separate 
low-pressure circuit leads fluid 
through the filter and assures that 
dirt extraction in the filter is ha-
ppening at a constant pressure 

and flow. The filter has a fine fil-
tration ratio of 5μm and is oversi-
zed considering the input flow in 
order to make sure that also the 
smallest particles are extracted by 
sticking on the filter fibres at very 
low fluid speed.
 
The offline filtration circuit is com-
bined with an air-oil heat exchanger 
to maintain the fluid temperature 
in proper range. Fluid temperatu-
re is measured in the oil tank and 
the cooling fan is switched on and 
off by machine electronics. In such 
cases offline flow needs to be de-
signed to optimally fit filtering and 
heat exchanging needs of the sy-
stem.

Figure 10. Offline circuit for filtration and cooling 
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Figure 10: Offline circuit for filtration and cooling 
 

 

Figure 11: Filter and heat exchanger mounted on top of the oil tank 
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 ■ 2.4 Hydraulic system 
testing and commissioning 
on the machine
After production hydraulic systems 
are checked if they fit machine 
requirements.

Testing in the production is mainly 
focused on possible design and pro-
duction mistakes, component mal-
function and the main parameters 
of operation. Usually manifolds are 
the most complex sub-systems and 
are separately tested before being 
mounted into the system (see 2.1.2). 
Finally the complete system is tested 
and the real working parameters are 
simulated as much as possible.

Commissioning is done directly on 
the machine, if possible in its final 

working environment. This was also 
the case in the bailer press project. 
The machine cycle is monitored by 
Poclain Hydraulics specialists and 
adjustments can be done in hydrau-
lics and also electronics to optimize 
the operation considering the real 
loads and dynamics of the machine. 
Frequently such commissioning in-
dicates possibilities for further de-
velopment of the hydraulic system 
and respectively improvements of 
the machine itself.

 ■ 3 Conclusion

Every hydraulic system is somehow 
specific and challenges its designers 
to be innovative and to look for the 
best possible solutions. The bailer 
press hydraulic system project de-
scribed in this article is interesting 

as it demands solutions coping 
with high flow rates and dynamics 
assuring short machine cycle ti-
mes. On the other hand it has to be 
compact, reliable, cost efficient and 
needs to consider the smallest pos-
sible power input. We can say that 
it shows an example of engineering 
and production competences that 
were systematically developed in 
Poclain Hydraulics d.o.o. and are to-
day critical for the company’s com-
petitiveness in this product group.

The project built in close coopera-
tion with the customer – the bailer 
press builder – is now put in place 
winning also considerable satisfac-
tion from the final user of the ma-
chine and is a nice reference for fu-
ture business.

Hidravlični sistem za večje balirne stiskalnice – načrtovanje, izdelava in prvi zagon

Razširjeni povzetek: V prispevku je predstavljen projekt izvedbe hidravličnega sistema, ki je namenjen za 
pogon večjih balirnih stiskalnic. Opisane so vse faze projekta, od zasnove in proizvodnje do prvega zagona 
in testiranja sistema.

Zasnova hidravličnega sistema sledi strogim zahtevam glede produktivnosti in zanesljivosti stroja kot tudi 
potrebi po kompaktni izvedbi sistema, tudi pri pretočnih količinah, večjih od 1500 L/min. Za doseganje opti-
malne izrabe razpoložljivih moči so uporabljene posebne rešitve, ki omogočajo doseganje najvišjih možnih 
hitrosti pogona in sil kot tudi zagotavljanje visoke ravni energetske učinkovitosti.

Zaradi velikih pretočnih količin je hidravlično krmiljenje zasnovano in izvedeno z uporabo logičnih ele-
mentov (dvopotnih vgradnih ventilov). Kljub razmeroma zapleteni hidravlični shemi so vse glavne krmilne 
komponente integrirane zgolj v en večji ventilski blok. Ker hidravlični sistem balirne stiskalnice obratuje v 
relativno zahtevnem (grobem) okolju, je veliko pozornosti namenjene tudi zagotavljanju ustrezne stopnje 
čistoče tekočine.

Predstavljeni hidravlični sistem se je kot uspešen in učinkovit izkazal tudi v praksi, kar potrjuje kompetence 
podjetja Poclain Hydraulics, d. o. o., na področju hidravlične pogonske tehnike in sistemov. To ne velja samo 
za snovanje hidravličnih sistemov, temveč tudi glede njihove izdelave in praktične uporabe pri namenskih 
strojih s svojo specifiko. 

Ključne besede: balirna stiskalnica, hidravlični sistem, načrtovanje, izvedba, zagon
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konstrukcijski element nujno 
treba upoštevati že pri načrtova-
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kem jeziku. – Zal.: Vereinigte 
Fach verlage GmbH, Vertrieb, 
Post fach 10 04 65, 55135 Mainz, 
BRD; tel.: +06131/992-0, e-po-
šta: vertrieb@vfmz.de; ISBN: 978-
3-7830-03628; obseg: 144 strani; 
cena: 15,00 EUR.
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Avtor knjige, ki je ustrezno doku-
mentirana, je opravil temeljito pre-
iskavo nesreče. Najprej je analiziral 
potnike in se vprašal, kako lahko 
tako veliko letalo izgine brez sle-
du štiri ure in 14 minut po vzletu 
z mednarodnega letališča Galeao 
Antonio Carlos Jobin pri Riu de Ja-
neiru. Izginulo letalo je bilo oprem-
ljeno z najsodobnejšo avioniko. To 
pomeni, da je letalo upravljal raču-
nalnik, z drugimi besedami pove-
dano, da je letalo narejeno tako, da 
vsako napako v pilotiranju prepre-
či. Avtor nadaljuje z razmišljanjem 
o črni skrinjici, o napakah pilotov 
in Pitotovi cevi, ki je morda vzrok 
tragičnemu poletu AF 447. V vsa-
kem primeru je v središču pozor-
nosti pri takih nesrečah odnos med 
človekom in strojem. Zato je simu-

Roger Rapport, CRASH Rio – Paris, Les secrets d'une enquête, 
Editions ALTIPRESSE, november 2011, 249 strani

Založba ALTIPRESSE že nekaj 
časa izdaja temeljna dela s pod-
ročja letalstva. V zbirki je mogo-
če najti številne dokumentirane 
izdaje, ki se nanašajo na različne 
dogodke v letalstvu (nesreče, 
srečni pristanki, napake pilotov, 
črna skrinjica, neobvladljivi pot-
niki, letalske karte in podobno). 
Ena takih izdaj je posvečena tudi 
nesreči letala AIR FRANCE 447 
(Airbus330, registriran F-GZCP), 
ki je 31. maja 2009 strmoglavilo 
v Atlantski ocean. Avtor je Ame-
ričan, raziskovalni novinar, ki je 
opravil vzporedno preiskavo te 
tragične nesreče, v kateri je iz-
gubilo življenje 216 potnikov in 
12 članov posadke.

lacija nesrečnega poleta potreb-
na, čeprav piloti simulacij nimajo 
preveč radi (cit. str. 67: »Les pilotes 
détestent les simulateurs.«). Simu-
laciji sledi proučevanje pilotov. Če-
prav je po mnenju predstavnikov 
Evropske agencije za letalsko var-
nost (EASA) težko sklepati o tem, 
kaj se je dejansko dogajalo v kabini 
letala (kot je znano, so obe skrinjici 
že našli, vendar po izidu knjige), če 
ni podatkov iz snemalnika zvoka, 
t. i. »voice recorderja«, je vse bližje 
sklep, da je bila v tem primeru od-
ločilna človeška napaka.

Seveda se človek lahko vpraša, čemu 
tako velik interes ameriške javnosti. 
Med ponesrečenimi potniki sta bila 
tudi Američana. Po mednarodnem 
letalskem pravu je mogoče, da v 

preiskovalni komisiji sodelujejo tudi 
predstavniki držav, iz katerih so po-
nesrečenci. Ali so piloti res samo šo-
ferji taksijev in nič več, se sprašuje 
avtor? In dodaja: ali morda tehno-
logija presega človeško znanje/spo-
sobnost? Kaj pa glavni računalnik na 
letalu?

Zakaj ta ni preprečil napake in opo-
zoril pilota, kako naj pravilno vodi 
letalo? Nadaljuje z vprašanjem, po 
kakšnih pravilih se ravnamo pri pre-
iskovanju letalske nesreče v morju? 
Gre morda za kaznivo dejanje – kdo 
je kriv? In spet se postavlja vpraša-
nje: kaj se zgodi, ko se srečata civilna 
in kazenska preiskava letalske nesre-
če? Kdo ima prednost, kar z drugimi 
besedami pomeni iskati vzroke za 
nesrečo ali iskati krivce za nesrečo? 
Zdi se, da se v primeru letal četrte 
generacije postavlja vprašane, kdaj 
popolnoma odklopiti računalnik in 
kdaj mu popolnoma zaupati? Avtor 
se dotakne tudi poročanja medijev 
in se vpraša, ali je letalo narejeno 
tako, da ga je mogoče odkriti v vodi? 
Avtor zaključi knjigo s trditvijo, da je 
228 razlogov, da se spomnimo poleta 
letala Air France 447. »Mais n'était-ce 
qu'une erreur de pilotage.« Ali mor-
da res ni šlo za napako v pilotiranju? 
Knjiga, ki te drži v napetosti vse do 
konca, odličen študijski pripomoček, 
in knjiga, ki je ne bo mogoče prezre-
ti francoskim preiskovalcem nesreče 
letala Air France 447.
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