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Abstract 

 
In modern hydraulic control systems, the trend in hydraulic power applications is to improve efficiency and 

performance. “Proportional valve” is generally applied to pressure, flow and directional-control valves which 

continuously convert a variable input signal into a smooth and proportional hydraulic output signal. It creates a variable 

resistance (orifice) upstream and downstream of a hydraulic actuator, and is meter in/meter out circuit and hence 

pressure drop, and power losses are inevitable. If velocity (position) feedback is used, flow pattern control is possible. 

Without aforementioned flow pattern, control is very “loose” and relies on “visual” feed back by the operator. At this 

point, we should examine how this valve works and how can use it in electro-hydraulic circuit designs.  

In this paper, constructed and compared velocity control cylinder (VCC) by using a proportional flow control valve 

(PFCV) and with a fine throttle valve. With the aid of a check valve and that check valve, the proportional valve can be 

made to act in the “lift” direction, and the fine throttle in the “lower” direction. As with all proportional valves, there is 

also some hysteresis in a proportional flow control valve. The valve used in this work with a hysteresis of <±1% of

maxQ  . The repetition accuracy is quoted in data sheet as < 1% of maxQ . The inferential results are good, acceptable and 

useful for designers which are working at hydraulic proportional field.  

    
Keyword: PFCV, VCC, Experimental, Investigation. 

 

1. Introduction 

 
Proportional valve technology exactly does 

mean in hydraulic systems; An electrical input 

signal in the form of a voltage (mostly between 0 
and+ 10V) is converted into an electrical current 

in an electronic amplifier corresponding to the 

voltage level, e.g.1 mV= 1 m A. proportionally to 

this electrical current as the input variable, the 
proportional solenoid produces the output 

variable-force and travel. These variables, i. e. 

force or travels, acting as the input signal for the 
hydraulic valve, signify proportionally a certain 

volumetric flow or pressure. For the consumer 

and therefore also for the working element of the 

machine this means , in addition to directional, 
steplessly variable control of speed and force. 

Simultaneously, acceleration or deceleration can 

be steplessly varied, e. g. change in volumetric 

flow with respect to time [1]. Hydraulic actuators 

are widely used on mobile equipment and robots, 

due to their high power density, environment 
tolerance, and compact size. One of the 

fundamental tasks in designing hydraulic 

actuating systems is the development of effective 

velocity control of the actuator using a control 
valve [2]. A practical approach to design a feed 

forward-plus-proportional-integral- derivative 

(FPID) controller for accurate and smooth 
velocity control on a hydraulic linear actuator is 

presented [3,4,5,6,]. Modeling and simulation a 

hydraulic servo system (HSS) presented and 

describes the design and implementation of a 
control system for the operation of a electro 

hydraulic systems [3, 7, 8]. 

This paper presents explain and discus the 

2-way proportional flow control valve to 

controls a flow rate depending on the set 
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electrical signal value, independently of 
pressure and viscosity. This means, for example, 

that a cylinder extends with constant velocity 

despite occurring interference variables (different 
loads).  

In the experimental work we will build a 

circuit in which the extension velocity of a 
cylinder can be changed the aid of a 2-way 

proportional flow control valve. The load 

independence of this circuit will be demonstrated 
on test bench Figure (2) with the aid of the weight 

(30 kg).  

 

 

2. Steady State Modeling 
 

Generally, the steady state analysis cannot 

determine the complete performance of a valve 

because flow control valves contain moving parts. 
It used to obtain an estimate of valve 

characteristics. Figure (1) explains the physical 

configuration of flow control valve. There are two 
orifices in valve. The first is constant size. The 

second is varying in size as the pressure drop 

across the spool,(𝑝𝑠 − 𝑝𝑣), changes. The spool 

has a spring force 𝑘𝑥  and preload force (F) [9, 10, 

11, and 12]. 

 

QL

Ps Qs

PL

kx F

         

Av  Pv

Pv

Variable orifice 

w(l.-x)

Av Ps

x

 
 

Fig. 1. Schematic of physical analysis of flow control 

valves. 

 
 

The flow rate through the constant orifice is 

given by: 

𝑄𝐿 = 𝐶𝑑𝐴𝑐 
2(𝑝𝑠−𝑝𝑣)

𝜌
                                     … (1) 

And flow rate through the constant orifice is given 

by:  

𝑄𝐿 = 𝐶𝑑𝑤(𝑙𝑖 − 𝑥) 
2(𝑝𝑠−𝑝 𝑙)

𝜌
                          … (2) 

Combine equations (1, 2)   yield an expression 

for  𝑝𝑣 : 

𝑝𝑣 =
𝑨𝒄
𝟐𝑷𝒔−(𝝎 𝒍𝒊−𝒙 )𝟐𝑷𝑳

𝑨𝒄
𝟐+(𝝎 𝒍𝒊−𝒙 )𝟐

                                   … (3)     

 Static equilibrium for spool valve is: 

𝑝𝑠𝐴𝑣 = 𝑝𝑣𝐴𝑣 + 𝐹 + 𝑘𝑥                                  … (4) 

𝑝𝑣 =
𝑝𝑠𝐴𝑣−𝐹−𝑘𝑥

𝐴𝑣
                                              … (5) 

From equations (3 and 5) yield an expression: 

  
𝑃𝑠𝐴𝑣−𝐹−𝑘𝑥

𝐴𝑣
−

𝐴𝑐
2𝑃𝑠−(𝜔 𝑙𝑖−𝑥 )2𝑃𝐿

𝐴𝑐
2+(𝜔 𝑙𝑖−𝑥 )2 = 0                … (6)  

Solve equation (6) explicitly in the form cubic 
polynomial in x. 

When 𝐹 =  𝑚(𝑚𝑎𝑠𝑠) ×  𝑔(acceleration) 

After calculating the spool displacement, x, at 

different of ps  values, and from combining 

equations (1, 2) yield:  
 

𝑄𝐿 =  𝐶𝑑  
1

 
1

𝐴𝑐°
2 +

1

(𝜔 𝑙𝑖−𝑥 )2

 
2(𝑃𝑠−𝑃𝐿)

𝜌
                 … (7)  

Where  
 𝐴𝑐      𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡  𝑜𝑟𝑖𝑓𝑖𝑐𝑒 𝑎𝑟𝑒𝑎                     𝑚2  

𝜔        𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑜𝑟𝑖𝑓𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡     𝑚2/𝑚          
 𝑘𝑥      𝑆𝑝𝑟𝑖𝑛𝑔  𝑟𝑎𝑡𝑒                                           𝑁/𝑚           
𝐶𝑑       𝑂𝑟𝑖𝑓𝑖𝑐𝑒 𝑑𝑖𝑠𝑐𝑎𝑟𝑔𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡              
 𝑙𝑖        𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑟𝑖𝑏𝑙𝑒 𝑜𝑟𝑖𝑓𝑖𝑐𝑒 𝑜𝑝𝑒𝑛𝑖𝑛𝑔      𝑚 
 𝜌       𝐹𝑙𝑢𝑖𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦                                        𝑘𝑔 𝑚3        
 𝑃𝐿       𝐿𝑜𝑎𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒                                    𝑃𝑎𝑠𝑐𝑎𝑙  
 𝑃𝑠        𝑆𝑦𝑠𝑡𝑒𝑚 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒                               𝑃𝑎𝑠𝑐𝑎𝑙  
 𝑄𝐿       𝐿𝑜𝑎𝑑 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒                                 𝑚3 𝑠    
 

 

3. PFCV (2 FRE 6 B-

2X/...K4RV)TECHNOLOGY 

    
Proportional flow control valves Model 2 FRE 

are 2-way valves as shown in Figure (2), they 

allow a preset electrical signal to control an oil 
flow independent of pressure and temperature 

variation [13]. The assembly consists of a housing 

(1), a proportional solenoid with inductive 

positional transducer (2), measuring orifice (3), 
pressure compensator (4) and check valve (5), if 

required. The oil flow required is set using a 

potentiometer (0 ... 100 %), which in turn gives an 
input value to amplifier type VT 5010. This in 

turn controls the orifice (3) via the proportional 

solenoid. The position of the orifice (3) is 

determined by the inductive positional transducer, 
and any difference from the given input value is 

then corrected by the control system. The pressure 

drop across the measuring orifice (3) is held 
constant by the pressure compensator (4). The oil 

flow is therefore independent of load. The low 

temperature drift is achieved by suitable design of 
the measuring orifice. At an input level of 0 % the 

measuring orifice is closed. In the event of 

electrical failure, or if the wire to the positional 
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transducer should break, the measuring orifice 
closes. A jump-free start is possible from the input 

value 0. The orifice may be opened and closed 

gradually by two ramps in the electronic 
amplifier. Free flow from B to A is possible via 

the non-return valve (5). With an additional 

rectifier sandwich plate Model Z4 S 6- mounted 

controlled both in meter-out and meter-in modes 
[14,15]. 

 

 

 
 

Fig. 2. Proportional flow control valve 2FRE 6 B-

2X/…4RV [15 ]. 

 

 

4. Experimental Work 

 
The hydraulic test bench shows in Figure (3) 

have been proportional flow control valve. 

 

 
 

Fig. 3. Photograph of electro- hydraulic control unit 

test bench [15]. 

 

4.1. Electro- Hydraulic Control Circuit 

 
Complete the circuit diagram as shown in 

Figure (4) so that the extension velocity of the 

cylinder can be controlled with the aid of a 

proportional flow control valve. It should be 
possible to alter the retraction velocity with the 

fine throttle. Limit the system pressure with a 

suitable pressure relief valve direct operated (50 

bar). 
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Fig. 4. Schematic diagram of connection Electro-

hydraulic control circuit. 

 

 

4.2. Electronic Control Circuit 

 
Figures (5) explain the terminal connections / 

block circuit diagram electronic control: 
Amplifiers Model VT 5010 for velocity control.  

Supposed and information for workers and 

engineers in the field of electro hydraulic control 
systems have special sciences facts. Each servo or 

proportional valves has amplifier card. Each 

company that produces these valves can product 

an electronic amplifiers card for its [15]. 
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Fig. 5. Terminal Connections / Block Circuit Diagram Electronic control: Amplifiers Model VT 5010 for velocity 

control [15].  

 

 

5. Dynamic Considerations 

 
Figure (6) is model of a 2-way proportional 

flow control valve. The 2-way proportional flow 
control valve is a self-contained closed control 

loop. The dynamics of such a closed control loop. 

A possible way of measuring the dynamic 
behavior of the flow control valve is to examine 

the so-called step-function.  Two possibilities are 

available: the stepwise change of specified signal 
value and the stepwise change of the interference 

variable (load pressure). Step of interference 

variables can be subdivided into load steps and 

starting steps. By the term load steps is meant 
stepwise changes in load pressure that occur 

within the control range of a valve Figure (7) 

range B, whilst starting steps are changes in load 
starting from the work points, that lie within the 

minimum pressure difference minp Figure(7) 

range A. The greatest starting step occurs when 

the load connection of the flow control valve is 

opened. Figure (8) shows a step response o a 2-

way flow control valve to a load step. The load 

pressure 2p  acting on the valve is then suddenly 

reduced by opening the second throttle, which is 

connected in parallel. This leads to a temporarily 

increased flow rate because the valve requires a 
certain time (transient process) to match itself to 

the changed load pressure conditions (closed loop 

control) [9].   

A further criterion of the dynamic behavior is 
the measurement of the frequency response. Here, 

too, one distinguishes between change of signal 

value (control frequency response) and change of 
load (load pressure, interference frequency 

response). In measuring the control frequency 

response, the frequency of the control signal is 

continuously increased to “amplitude drop”, and 
produced consequent change of phase (phase lag). 

In concrete terms, this means ; the valve cannot 

longer follow the specified signal value above a 
certain frequency. In control engineering the term 



Majid Ahmed Oleiwi                    Al-Khwarizmi Engineering Journal, Vol. 12, No. 2, P.P. 115- 123(2016) 
 

 119 

“corner frequency” is introduced at this point. The 
comer frequency is that frequency at which the 

amplitude drop is 3 dB. In measuring the 

interference frequency response for the control 
signal is held constant. For example in the flow 

control valve, the load pressure (interference 

variable) is varied. Above a certain frequency of 

the interference variable, valve cannot longer able 
to compensate the interference variable when an 

amplitude drop and phase lag occurs [16, 17, 18, 

and 19].  

 

P2 , Q
A

Ps

U signal

Ff

Pmin = Ps - P1 = Ff

P1

 
 

Fig. 6. Model of a 2-way proportional flow control 

valve.  

 

 

 
 

 

Fig. 7. Qualitative characteristic curve of a flow 

control valve [16]. 

 

 

 

 
 

 
 

Fig. 8. Step response of a flow control valve to a step 

load [16]. 

 
6. Result and Discussion   

 
All of evaluation experimental work data 

explain in tables (1, 2, 3, and 4). And 

Characteristic curves (measured at   = 

36 𝑚𝑚2 𝑠   and T = 50 °C. Explanation of 
experimental results: figure (9) explain the 

characteristic curves for tables (1, 3).  Considering 

the two curves of characteristic curves 1, it is 
clear that the extension velocity is independent of 

the load (the two curves are practically identical). 

By adjusting the potentiometer and thereby the 

proportional flow control valve, the extension 
velocity can be changed independent of load 

according to characteristic curve (6 Q) in figure 

(10). The velocity changes not proportionally, but 
progressively with the signal value. This 

characteristic curve, however, permits a finer 

adjustment of the velocity in low velocity ranges. 
Figure (11) explain the characteristic curves for 

tables (2, 4).  The curves of characteristic curves 2 

are not dependent on the setting of the 

proportional flow control valve but only on the 
setting of the fine throttle.  

It can be clearly recognized that the retraction 

velocity with load is greater than that with no 
load. Compare the two diagrams; then you can see 

the effect of the velocity control with the 2-way 

proportional flow control valve and the effect of 
velocity control with the fine throttle. With 

proportional flow control valve is load 

independent but with throttle load dependent. 
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Table 1,  

Extension hydraulic cylinder with no load. 

Signal value of 

flow control valve 

(2 FRE) 

    0     1      2      3     4     5     6 Volt 

Time without 

load 

 215.00 48.00 19.00 10.00 7.00  4.40 Sec 

Velocity  without 

load 

 0.00  0.15  0.66  1.68  3.12  5.18  7.25 cm/s 

 
Table 2,  

Retraction hydraulic cylinder with no load. 

Signal value of 

throttle 

0 1 2 3 4 5 6 setting 

Time without 

load 

135.00 39.00 12.00 7.00 4.00 3.00 2.90 Sec 

Velocity  without 

load 

0.00 0.80 2.65 5.19 7.97 9.71 11.09 cm/s 

 
Table 3,  

Extension hydraulic cylinder with load. 

Signal value of 

flow control valve 

(2 FRE) 

0 1 2 3 4 5 6 Volt 

Time with  

load 

 207.00 47.00 19.00 11.00 6.5 0 4.50 Sec 

Velocity  with 

load 

 0.00  0.16  0.67 1.68 3.12 5.00 7.40 cm/s 

 
Table 4,  

Retraction hydraulic cylinder with load. 

Signal value of 

throttle 

0 1 2 3 4 5 6 setting 

Time with  

load 

103.00  29.00 10.00 5.50 4.00 2.50 2.30 Sec 

Velocity  with 

load 

 0.00  1.12  3.45 6.91 10.71 12.94 14.78 cm/s 

 

 
 

Fig . 9. Characteristic curves for table 1 and 3. 

 

 
 

Fig. 10. Dependency flow rate on signal value 

voltage for different valve size [15]. 
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Fig. 11. Characteristic curves for table 2 and 4. 

 

 

7. Conclusions  

 
The results confirmed that the performance of 

velocity control cylinder (VCC) depends on the 

performance of the 2- way proportional flow 

control valve (PFCV) type (2FRE) 

 Any variation in the value of fin throttle valve 

will lead to a change of flow rate and velocity 

control cylinder (VCC). 

 Any variation in the input signal (volt) to 2- 

way proportional flow control valve (PFCV) 
type (2FRE) will leads to a variation of flow 

rate and velocity control cylinder (VCC). 

 The viscosity of hydraulic fluid is 

independence of the 2-way proportional flow 

control valve achieved because the form of the 
metering orifice. 

The velocity control cylinder (VCC) depends 

on measuring orifice of the 2-way proportional 
flow control valve  

 The measuring orifice can be opened and 

closed with a delay two ramps in the electronic 

amplifier for 2- way proportional flow control 

valve (PFCV) type (2FRE). 

 Through the use of different measuring orifice, 

various maximum flow rates can be achieved 

at 100% input signal value. 

 The characteristic flow curves progressive 

depending on the shape of the measuring 
orifice. 

 When comparing characteristic flow curves for 

this work with the manufacturer company of 

(PFCV) show that there is a difference. The 
reason for this lies in the additional flow 

resistances of hoses, pipes and quick release 

coupling.   

To ensure is perfect operation of 2-way 
proportional flow control valve. We must make 

sure of the following notes; 

 It is necessary to bleed the solenoid of the 2-

way proportional flow control valve at the 
highest point of the valve during initial 

operation. 

 Under certain installation conditions, the tank 

line must be prevented from running empty by 
the installation of a preload valve. 

 The actuator (cylinder) can be controlled both 

in meter-out and meter-in modes. 
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تحكن بالتذفق لل تناسبً اسطوانت باستخذام صوام ةاداء سرع للسٍطرة على العولًالتحقق 

 (2FRE) بطرٌقٍٍن نوع 
 

 هاجذ احوذ علٍوي
اندبيعت انخكُٕنٕخٍت/ قسى ُْذست انسٍطشة ٔانُظى  

      majidoleiwi@yahoo.com : الانكخشًَٔ انبشٌذ  

 

 

 

 الخلاصت
 

انصًبو انخُبسبً بصٕسة عبيت  .انكفبءة ٔالأداء ْٕ ححسٍٍ انٍٓذسٔنٍكٍت حطبٍقبث انطبقت فًٔالاحدبِ انعبو  فً اَظًت انسٍطشة انٍٓذسٔنٍكٍت انحذٌثت 

احدبِ اندشٌبٌ ٔانزي ٌحٕل ببسخًشاساشبسة انذخم انًخغٍشة انى اشبسة خشج ٍْذسٔنٍكٍت حُبسبٍت غٍش -انخذفق –ٌسخخذو صًبيبث نهسٍطشة عهى انضغط 
 (.َبعًت)يصحٕبت ببسحدبج 

ٔيٍ ُْب  ( .دائشة انسٍطشة عهى سشعت الااسطٕاَت انٍٓذسٔنٍكٍت ) كزنك انصًبو انخُبسبً يقبٔيت يخغٍشة ضذ ٔيع اندشٌبٌ لاي يسخخذو ٍْذسٔنٍكً 

فًُٕرج انسٍطشةعهى انخذفق ( انًٕضع)اٌ اسخخذاو انصًبو نخغزٌت يشحذة نهسٍطشة عهى انسشعت . انخغٍشاث ببنضغط ٔفقذاٌ انقذسة حخًٍت ٔيٍ انًخعزس اخخُببٓب

ٌدب عهٍُب  ُْبيٍ (. شٍئٍت)يحكًت ٔكزنك انخغزٌت انًشحذة حكٌٕ نهًشغم غٍش ٔاضحت انًعبنى ٔبذٌٔ ًَٕرج انخذفق انًزكٕس اَفب حصبح انسٍطشة غٍش . يًكٍ

فً ْزا انبحث انذائشة انًصًًت ٔانًبٍُت حدٍز انسٍطشة نُب عهى انسشعت . اخخببس عًم انصًبو ٔكٍفٍت اسخخذايّ فً انذٔائش انكٓشٍْٔذسٔنٍكٍت انًصًًت

. ٔبًسبعذة حٕحٍذ انصًبو انلاسخعً يع انصًبو انخُبسبً نهخحكى ببنخذفق . يع صًبو خبَق دقٍق ٔانًقبسَت بًٍُٓب ببسخخذاو صًبو حُبسبً نهخحكى ببنخذفق

كم انصًبيبث انخُبسبٍت ٔكزنك (. نلاسطٕاَت)ٌسخطٍع انصًبو انخُبسبً اٌ ٌؤثش عهى احدبِ انحشكت نلاعهى ٔانصًبو انخبَق انذقٍق عهى احدبِ انحشكت نلاسفم 

ل انششكت َبسبً نهخحكى ببنخذفق ححصم فٍٓب حخهفٍت ٔانصًبو انًسخخذو فً ْزا انعًم فٍّ حخهفٍت ٔيعذل دقت انخكشاسبًقبدٌش يعٍُت حسخُبط  يٍ خذأانصًبو انج

 .انًصُعت نهصًبو 

 .س انٍٓذسٔنٍكٍت انخُبسبٍتانُخبئح انعًهٍت انًسخُبطت يٍ ْزا انبحث خٍذة ٔيقبٕنت ٔيفٍذة خذا نهًصًًٍٍ ٔانعبيهٍٍ فً حُفٍز  حصبيٍى انذٔائ
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