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Abstract: In the energy efficiency era, modern industry machinery demand now more than ever intelligent 
and efficient electronic control modules, in order to gradually increase their technical performances. Classic 
hydraulic driven machinery are complex and reliable but trying to reconfigure their schematic is a very hard 
to do process, in some cases impossible. Machine flexibility and energy efficiency are probably two of the 
most important concepts that govern the world of equipment – installation – machine design engineers. 
Solving this sort of demands certainly leads to a rapid increase in electronic control system complexity and 
designing new electro-hydraulic equipment that use modern concepts such as digital hydraulics. 
Nevertheless, complex electronic modules require adequate software development [1]. Referring to a 
narrower case, hydraulic P.E.T. waste presses, they are well acquainted for their productivity versus low cost 
classic hydraulics installation. Still, there remains another issue that needs to be taken into account: energy 
efficiency. In this paper, the authors have investigated the possibility of using the digital hydraulics concept in 
replacing classic electrohydraulic directional valves of a small capacity P.E.T. waste press from the energy 
consumption point of view. Also, there will be discussed main advantages and disadvantages of using digital 
hydraulics over classic hydraulics in the particular case of a P.E.T. waste press. 
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1. Introduction 

Digital hydraulics technical concept has entered the international scientific community around 
1999, as an alternative to classic hydraulic driving circuits using proportional or servo equipment. 
However, strong inertia of the scientific community made the concept to develop very slowly. In 
present, digital hydraulic valves are slightly to be found in the commercial offer of traditional 
hydraulic manufacturers, but there are several functional models ready to be delivered to the 
market. There are a few among large hydraulic manufacturers have technical knowledge and 
capabilities to produce custom digital hydraulics equipment. Research laboratories of universities 
or institutes are continuously trying to optimize existing valves, but the greatest challenge still 
remains the development of capable software control algorithms or proper adjustment of certain 
constructive parameters of valves or their electromagnets – depending on which technical solution 
is adopted. Digital hydraulics have two alternative solutions to classic equipment both having the 
benefit of reducing general energy consumption of the hydraulic driving system: high frequency 
PWM switching or parallel connection of several 2/2 hydraulic directional valves (very similar to 
valve-islands) electrically controlled independently. In the second case, the valves are smaller, 
having reduced installation and maintenance costs over proportional equipment. They are also 
robust. In P.E.T. waste presses, the main problem is energy management due to the fact that the 
hydraulic pumping module must always operate at almost full capacity. This means high energy 
consumption in normal operating mode even if there are certain functional phases that does not 
require so much energy. There are made some experimental studies (Finland) on a fully functional 
digital hydraulic equipment, mounted on an excavator boom that revealed an energy consumption 
reduction up to 70%, in some phases of the actuation cycle. In that case, digital hydraulics 
equipment was used to replace classic hydraulic LS (Load-Sensing) system of the excavator. 

2. State of the Art in Digital Hydraulics 

The investigation starts from the idea of finding a technical solution to replace hydraulic 
proportional directional valves with new digital valve-islands, having equivalent operation principle, 
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connected in parallel, with lower acquisition and maintenance costs, higher reliability and reduced 
overall energy consumption. It is a well-known fact that hydraulic proportional directional valves are 
expensive - looking, at least, from two points of view: acquisition and operation. This type of 
hydraulic valves is also very sensitive to the variations of some of the working environment 
parameters, but all of these have been somehow compensated using complex electronic modules 
and sensors. Furthermore, the reliability of hydraulic proportional valves is still a sensitive subject, 
referring mostly to the work cycle downtime, that in most cases require highly qualified personnel 
to diagnose and to repair – leading to increased personnel costs. Hydraulic proportional directional 
valves are demanding continuous operation of the pumping module in order to compensate 
internal losses of the directional valves. Besides these considerations, it must be taken into 
account that in most cases hydraulic proportional directional valves demand supplemental anti-
cavitation or compensation equipment which are expensive and have complex internal structure, 
contributing significantly to the overall energy consumption of the hydraulic driving system. 
 

  
a. physical equipment b. internal configuration 

Fig. 1. Direct operated hydraulic proportional valve 
with integrated electronics proportional control [5] 

 

As stated before, digital hydraulics valves are simpler being materialized by parallel connection of 
2/2 poppet valves. In theory, these types of hydraulic directional valves have zero losses, leading 
to the idea that is not necessary for the pumping module to operate continuously, reducing overall 
energy consumption. There is not needed anymore a large, complex and low-energy efficiency 
pumping module, where digital hydraulics valves can properly operate with smaller pumping 
modules having in their structure one or more hydraulic accumulators (pressure storage reservoir). 
From the start we can observe an improvement of the energy efficiency of the system. 
 

 
 

a. physical equipment b. inner schematic 

Fig. 2. Digital hydraulics valve [3] 
 

Hydraulic 2/2 poppet valves, main components of the valve-islands, have small physical 
dimensions, they are robust and having lower acquisition, maintenance and operation costs than 
the proportional valves. Supposing that one of the poppet valves in the valve-island is not 
functional anymore, the automated electronic driving module will dynamically reconfigure the 
remaining operational valves of the valve-island in order to maintain process parameters near the 
setpoint values. Considering the case of hydraulic proportional directional valves, when one valve 
is defective, in most cases, the entire process will be shut down or can cause serious damages or 
life-threatening situations. Supplemental safety equipment is required to reduce the risks on the 
environment and human or animal life – adding even more costs to the initial system configuration. 



ISSN 1453 – 7303                                                                   “HIDRAULICA” (No. 4/2017) 
Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics 

 

  
111 

 
  

Main technical challenges encountered in the discussion classic vs. digital valves will be described 
in the following. The size of digital hydraulic valves, as seen when comparing Fig. 1.a. and Fig. 
2.a., is a delicate issue being approximated three times larger than regular hydraulic proportional 
directional valves. There is an obvious need for several parallel connected valves to make a valve-
island in order to obtain the same operating function as in a hydraulic proportional directional valve 
[3]. A question arises over the reliability and cost factors of such a digital valve configuration. Being 
a relatively new concept, digital hydraulics equipment are highly priced and rare when referring to 
already existing models of hydraulic proportional valves. On long term this drawback will be 
overcame due to the benefits of mass production, but nowadays it is very important to take into 
consideration that digital hydraulics is a pioneering field of science and technology. Having a 
relatively large number of valves in the valve-island configuration that need to be controlled 
independently, it is required to develop a proper model control strategy, directly dependent to the 
number of poppet valves in the valve-island. Considering that n is the number of parallel poppet 
valves in the valve-island configuration, there will be a maximum of 2n possible control values for 
main digital valve’s output. In the first place, main problem here will not be the value of n, but the 
speed of the electronic controller module when computing and trying to obtain an optimum 
combination of control values for a certain given state of the hydraulic system. 
 

   

a. proportional valve b. digital valve 
n = 4 

c. digital valve 
n = 6 

Fig. 3. Influence of n on valve’s output [2] 
 

As can be seen in Fig.3, there is a direct correlation between the value of n and valve’s output, a 
large number of parallel valves in the construction of the digital valve result in a large range of 
possible output values, in the same time directly influencing the characteristic curve of the digital 
valve. The digital valve will always have an exact number of outputs that will always be obtained in 
the same conditions thus improving precision. In Fig.3.a, the valve characteristic is affected by 
hysteresis, while in the case of digital valves, Fig.3.b and Fig.3.c, the hysteresis does not exist. 
Optimal control is also a delicate issue in digital hydraulics: when defining the objective functions it 
can be found that these are pursuing opposite goals, such as a short transient regime of the 
working pressures, higher output flow resolution, higher energy efficiency, lower market costs – still 
an important aspect due to the novelty degree of the digital hydraulics field (implying higher costs), 
lower noise and vibration generated by the poppet valves themselves, being in a continuous 
switching working regime – where the amplitude value of the switching noise is relatively close to 
the value of response time. Referring to the case of classic hydraulic proportional directional 
valves, the switching noise is given by the constructive particularities of those.  
Probably one of the most important advantages of digital valves over classic valves is their 
programmability, meaning that same digital valve can be used for different purposes [2], by simply 
reprogramming its software controller. In the case of digital valves, available number of functions 
that a valve can perform depends mostly on the software than its mechanical structure. Control 
software can be easily updated to give new functionalities to the valve. This new concept of digital 
hydraulics, has the benefits of working in real time and hydraulic losses reducing, depending on 
the application, digital valve reduces losses 30-98% [2]. In the Figure below, it is shown a very 
short technological progress of the hydraulics field over the years. From the 1960’s where the 
energy losses were significantly higher than the useful work, energy efficiency was at a maximum 
value of 10%, the technical field of hydraulics has progressed towards LS (Load Sensing) systems 
and officially starting from year 2006 towards Digital Hydraulics. A load-sensing hydraulic pump will 
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always operate in a negative feedback control loop, establishing a new pressure drop every time 
the value of load pressure is changing. 
 

 

Fig. 4. Relative energy usage in hydraulics [2] 

 

Digital hydraulics has already encountered three phases of scientific and technical development, 
progressively reducing the energy losses, obtained through scientific research and laboratory 
experiments. Limitations of current approaches in the digital hydraulics field are directly related to 
the novelty degree of the thematic, causing in the same time inertia in the scientific community, still 
adherent to classical hydraulics solutions. There are known very strong opinions that criticize the 
digital hydraulics field, on the difficulty to develop a highly intelligent control algorithms for digital 
hydraulics valves, on the limited valve resolution given by the limited number of directional valves 
in the valve-island, or on the still large physical dimensions vs. weight of the valve-islands or 
number of electrical wires and hydraulic hoses. The general trend of the industry is to miniaturize 
its equipment and digital hydraulics is not – nowadays – a part of that trend. 
Some of the current technical approaches suggest instead of reinventing the field of hydraulics 
through digital hydraulics concept, to properly adjust the functional parameters of the existing 
hydraulic equipment available on the market, while promoting new functional models and intelligent 
control techniques in order to gain on the energy efficiency field. However, digital hydraulics tends 
to replace classic hydraulic circuits with their digital equivalent, using switching equipment and 
having significantly lower costs and higher efficiency. More or less, the limitations of the current 
approaches in digital hydraulics field are directly related to the costs of researches, still in the state 
of development and improvement, which implies the allocation of important funding of R&D 
departments of traditional hydraulic equipment manufacturers. 

3. Digital Hydraulics and Baling Presses 

Here, a question arises related to the necessity of retrofitting a hydraulic P.E.T. baling press when 
there are available on the market many constructive solutions with various degrees of automation 
and energy efficiency. In authors’ opinion, baling presses are going to gain much more on the next 
years, knowing that every year thousands tones of used P.E.T. bottles from households of industry 
accumulate on waste management sites. The quantities are going to increase in the future, 
therefore the need of energy efficient pressing solutions will also increase, having direct impact on 
bales sizes, indirectly on pressed waste warehousing. Maximum working hydraulic pressure of a 
baling press is not always a fine measurement of its pressing efficiency, a more practical criteria is 
the compression degree of waste bales. Highly compressed bales can be stacked higher and safer 
in warehouses, also resulting in fewer bales, which reduces binding wire costs. On the logistics 
point of view, bales loading traffic and faster bales loading are also other benefits of energy 
efficient pressing. 
The idea of replacing main hydraulic directional valve of one P.E.T. waste baling press, started 
from observing the functional cycle of an existing press in one of the laboratories of Faculty of 
Biotechnical Systems. The baling press construction is relatively simple, having a double metallic 
door design, self-latching closing technology, electro-hydraulic driving system, automated pressing 
cycle using sensors and microcontroller electronic board and a patented “rapid motion technology” 
that the manufacturer claim to reduce power consumption and to improve the cycle time by up to 
40% compared to conventional drives [11]. There were made some improvements to the hydraulic 
power-pack, the pumping noise was reduced, with strong positive impact on both the human 
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operator and environment. Replacing the main hydraulic directional valve with a digital hydraulic 
valve (island-valve construction) it is supposed to overcome a major drawback of classic hydraulic 
directional valves as poor energy efficiency. Besides digital hydraulics, another solution is using 
load-sensing pumps, but these have high acquisition and operating costs. Of course, digital 
hydraulics is not probably the best cost-efficient solution (being an in-development technology), but 
in terms of energy it is. Another option in energy reduction is using distributed valves that are 
proven to reduce energy losses up to 50% in best cases. 
 

 

Fig.5. Hydraulic baling press – studied model, 
available in one laboratory of Faculty of Biotechnical Systems 

When thinking in terms of baling press modernization, besides energy efficiency improvements it 
must be taken into consideration the period of time in which the investment amortization costs will 
payback [12]. Looking from the economic environment point of view, this period of time must be 
short and bring also an increased productivity. In addition, baling press downtime, that is the 
retrofitting time, must also be close to a minimum – the best solution here is using distributed 
valves, not load-sensing. This is implying parallel connected on/off directional valves [13], having 
the benefits of fast switching times and redundancy. Another positive issue of using 2/2 valves is 
their so-called “immunity” against hydraulic oil impurities. In hydraulic systems the power supply 
unit is centralized having, in most of the cases, the directional valves mounted nearby and 
transmitting power to system’s motors, rotary or linear, through hoses or pipes that sometimes 
have considerable lengths. Statistics tell us that a large percent of hydraulic systems failures are 
related to hoses. Referring to Fig. 2.a, it can be seen that hydraulic hoses and digital hydraulics 
valves are very well acquainted to each other, meaning that in the digital case there will be used a 
significantly larger number of hydraulic hoses than the classic or proportional hydraulics case, to 
obtain a similar function. A larger number of hydraulic hoses implies a larger percent of failure.  
Not only physical dimensions and number of hoses is the problem of a digital hydraulics system: 
each one of the 2/2 valves that are constructing the digital valve-island must be driven by an 
electromagnet. Available models of electromagnets used on commercial hydraulic equipment are 
not fast enough for digital hydraulics – opening and closing too slowly, far away from what it was 
intended to obtain. The electromagnets were redesigned in order to meet the speed demands of 
digital hydraulic valves. All led to an increase in control voltage. Again, referring to retrofitting the 
P.E.T. baling press, the electromagnets must be provided with voltage boosters and new control 
module. Wiring the electromagnets is another issue, both on the total electric cable length and total 
electrical current when all the electromagnets of the digital valve are switched on. Referring to Fig. 
3 and considering a number of n = 6  parallel poppet valves in the valve-island configuration and 
knowing that each electromagnet draws from the electrical power supply a current of almost 1A, 
we have a total of 6A when all electromagnets are ON. In case of a larger digital valve, for example 
the one shown in Fig. 2.a, a total of 27 A are needed form the electrical power supply. These 
values of electrical current are fair, but an electromagnet of a hydraulic proportional directional 
valve draws up to 800mA maximum from the electrical power supply. Considering a larger number 
of n, the larger the current needed when all electromagnets are switched on, in a worst case 
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scenario, a digital valve with a number of 100 2/2 valves will require 100 A! In that case, usual 
cables are not an option, so they need to be redesigned. 

4. Conclusions 

Authors’ current researches in the field of efficient P.E.T. waste pressing led to analyzing the idea 
of retrofitting a classic hydraulic baling press, using the digital hydraulics concept. Digital valve-
islands made of 2/2 hydraulic directional valves seems to be a feasible solution over heavy and 
expensive load-sensing systems. The field of digital hydraulics is still in pioneering, researchers 
are still performing laboratory tests and formulating scientific hypotheses, their focus being on the 
development of optimal control strategies and valve development.Digital hydraulics can find the 
answer to some existing problems in hydraulics field, especially in energy efficiency and in the near 
future will replace available solutions. Still, digital hydraulics systems are using only one digital 
equipment in their configuration, such as directional valves, motors or pumps, and the others are 
classic or proportional equipment. When retrofitting an existing hydraulic system, fixed or mobile, it 
must be taken into account technical criteria such as available sensors, valves, power generators, 
functioning cycles, energy efficiency, control strategies, but also the economic criteria such as total 
cost control of the retrofitting and payback time. As a general conclusion, digital hydraulics has two 
strong advantages over classic hydraulics: energy efficiency and higher reliability. 
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