
SOLUTION 9 
 
 
Initial values: 
 
Pump: 
 

rcmV pg /75 3
, =    Displacement 

95,0, =phmη    Hydromechanical efficiency 

90,0, =pvη     Volumetric efficiency 

86,0,,, =⋅= phmpvpt ηηη   Total efficiency 
 
 
Electric motor: 
 

min/1500rnp =   Rotational speed 
 
Cylinders: 

mmdc 801 =    Cylinder1:  piston diameter 

mmdc 632 =    Cylinder2:  piston diameter 

mmdcr 501 =    Cylinder1:  piston rod diameter 

mmdcr 452 =    Cylinder2:  piston rod diameter 
 

kgm 50001 =    Load mass on cylinder 1 

kgm 30002 =    Load mass on cylinder 2  
 

0,11, =chmη    Cylinder1:  hydromechanical efficiency 

0,11, =cvη    Cylinder1:  volumetric efficiency 

0,12, =chmη    Cylinder2:  hydromechanical efficiency 

0,12, =cvη    Cylinder2:  volumetric efficiency 
 
 
 
 
Throttle: 

mmdt 3=    diameter 
 
 
Additional: 
 

7,0=qC  
3/860 mkg=ρ  

2/82,9 smg =  
 



Let us start with Cylinder1:  the pressure needed to overcome the load: 
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and next Cylinder2:  the pressure needed to overcome the load: 
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Based on these pressures we’ll have to assume that the sequence of the cylinders is: first 
cylinder C1, then cylinder C2. 
 
When the cylinder C1 moves the exiting flow is  
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In throttle this would induce a pressure loss of 
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Which is reduced into pressure in the piston side using the piston area ratio (in form of 
diameters). This results into pressure difference: 
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This would mean that the pressure for operating C1 alone would be 

barppp redtc 86,210,1 =+=  
 
This pressure would be sufficient to also operate Cylinder C2, and hence we can deduce that the 
cylinders operate simultaneously and the maximum system pressure is roughly 193 bar (= pc2). 
Therefore the setting pressure of pressure relief valve should be at least pprv = 193 bar 
 
 
 
 
 
 



The velocities of cylinders can be solved with the help of pressures; the pressure at the piston 
side chamber of Cylinder C1 is 193 bar, of which about 97,7, bar is needed to overcome the load, 
and therefore (193-97.7 bar =) 95.3 bar is left for the throttle induced internal load. When this 
pressure is reduced to the piston rod side pressure of Cylinder C1, this reduced pressure is also 
the pressure difference across the throttle, since after the throttle valve there are no other 
pressure loss inducing components.  
 

barppp ccredt 3,9512, =−=∆  
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This pressure loss in throttle yields to flow of  
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Resulting Cylinder S1 velocity  
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Flow entering Cylinder C1 (reduced from known output flow = flow through throttle) 
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Flow entering Cylinder C2 qV,c2m = qV,p – qV,c1p (pumps output flow minus flow to Cylinder S1) 
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Resulting Cylinder C2 velocity  
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SOLUTION 10 
 
 
Initial values 
 
Motors: 

rcmV mg /1000 3
1, =  

85,01, =mhmη  

90,01, =mvη   Leakage totally internal 

NmTm 15001 =  
 

rcmV mg /1000 3
2, =  

85,02, =mhmη  

90,02, =mvη   Leakage totally external 

NmTm 7002 =  
 

rcmV mg /500 3
3, =  

85,03, =mhmη  

90,03, =mvη   Leakage totally internal 

NmTm 3003 =  
 
Pump: 

min/8, lq pV =  
 
Additional: 

mmdt 5,0=  

7,0=qC  
3/860 mkg=ρ  

 
Cracking pressure of pressure relief valve: 
 
Required pressure differencies across motors: 
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Motor 1: 
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Motor 2: 

bar
V

T
p

mhmmg

m
m 7,51

2

2,2,

2
2 ≈

⋅
⋅⋅

=∆
η

π
 

 
Motor 3: 
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Cracking pressure of pressure relief valve: 

barpppp mmmPRV 207321 ≈∆+∆+∆=  
 
 
Rotational speed of motors: 
 
Part of the flow rate is diverted to tank before entering motors 2 and 3, so the flow through them 
is lesser than through motor 1. Let us calculate the flow through the bypass route (through the 
throttle valve): 
 
Pressure difference across the throttle: 

23 mmt ppp ∆+∆=∆  
 
Flow through the throttle: 
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Rotational speeds of motors: 
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- Motor 1 receives the total pump flow 
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- Motor 2 receives pump flow – throttle flow 
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- Motor 3 receives pump flow - throttle flow – external leakage of motor 2 



 

 

𝑛𝑚3 =  
𝑞𝑉,𝑃 − 𝑞𝑉,𝑡 − (1 − 𝜂𝑣,𝑚2)(𝑞𝑉,𝑃 − 𝑞𝑉,𝑡)

𝑉𝑔,𝑚3
 ∙ 𝜂𝑣,𝑚3 

𝑛𝑚3 =  
𝑞𝑉,𝑚3

𝑉𝑔,𝑚3
 ∙ 𝜂𝑣,𝑚3 = 10,96 r/min 

OR 


