
Sizing and Design of Hydraulic Positioning Systems

Prof. Marcos Paulo Nostrani, D. Eng.

Prof. Victor Juliano De Negri, D. Eng.

Federal University of Santa Catarina
Department of Mechanical Engineering

LASHIP - Laboratory of Hydraulic and Pneumatic Systems



2
Sizing and Design of Hydraulic Positioning Systems – Marcos P Nostrani

Agenda

▪1. Electro-Hydraulic Positioning Systems

▪2. Design Methodology of Technical Systems

▪3. Design Method of Hydraulic Positioning Systems

• 3.1. Step 1: Static and Dynamic Sizing

• 3.2. Step 2: Catalog Data Conversion

• 3.3. Step 3: Dynamic Modelling and Simulation

▪4. Using the Design Method

▪5. Particularities:

• 5.1. Cylinder and Valve Matching

• 5.2. Influence of the Valve Flow Coefficient

• 5.3. Correlation between Natural Frequencies



3
Sizing and Design of Hydraulic Positioning Systems – Marcos P Nostrani

Electro-Hydraulic Positioning Systems

▪ Electro-hydraulic positioning systems (EHPS):

• For driving and controlling high loads with reliability, speed, and accuracy

▪ Main components:

• Electrically modulated hydraulic control valve

• Servovalves, Proportional valves

• Cylinder

• Controller

pS

xPosition sensor

Actuator

 

Valve

AA AB

Ur

UC

Us

Controller 

pT



4
Sizing and Design of Hydraulic Positioning Systems – Marcos P Nostrani

Electro-Hydraulic Positioning Systems

▪ Control valves:

• Pressure dependence of the valve flow rate

• Dead zone

• Variable dynamic behavior

• Operating limits
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Electro-Hydraulic Positioning Systems

▪ Cylinder + load

• Non-linear friction
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• Asymmetrical cylinder + asymmetrical valve

• It is also usual: Asymmetrical cylinder + symmetrical 

valve

Electro-Hydraulic Positioning Systems

▪ System configurations:

• Symmetrical cylinder + symmetrical valve
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Electro-Hydraulic Positioning Systems

▪ System configurations:

• Asymmetrical cylinder (single effect) + 3 port valve.
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Electro-Hydraulic Positioning Systems

▪ Poorly designed system:

• Oscillations, noise, and inadequate static and/or dynamic responses

• Cause a negative understanding about the EHPS applicability

▪ Well-designed system:

• Consistent, reliable, durable, smooth, and noiseless system

▪ Design of a Electro-Hydraulic Positioning System Controlled by 

Valve

• Definition of the system configuration:

• Symmetrical cylinder + symmetrical valve

• Asymmetrical cylinder + asymmetrical valve

• Asymmetrical single effect cylinder + 3 port valve

• Component sizing

• Valve, cylinder

• Control strategy and controller synthesis
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Design Methodology of Technical Systems
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Design Methodology of Technical Systems
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Design Method of Hydraulic Positioning Systems
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Static and Dynamic Sizing
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Static and Dynamic Sizing
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Static and Dynamic Sizing
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Static and Dynamic Sizing
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Static and Dynamic Sizing
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 𝜔𝑛_𝑚𝑖𝑛 =  
𝛽𝑒

𝑀𝑡

 
𝐴𝐴
𝑙𝐴

+
𝐴𝐵

𝑙𝑡 − 𝑙𝐴
  

1
2ൗ

 𝜔𝑛_𝑚𝑖𝑛 =  
𝛽𝑒  𝐴𝐴

2

𝑀𝑡  𝑉𝐴
 

1
2ൗ

 

?

𝜔𝑛_𝐴 ≥ 5 𝜔𝑛_𝑆 𝜔𝑛_𝑉 ≥ 5 𝜔𝑛_𝑆  𝜔𝑛_𝑉 ≥ 5 𝜔𝑛_𝐴 

Yes

No

𝑡𝑠_𝑉 =
4

𝜁𝜔𝑛_𝑉

= 
5.7

𝜔𝑛_𝑉

 

𝜁 = 0.7 

with 𝑙𝐴 =
𝐴𝐴 𝑙𝑡

𝐴𝐴 − 𝐴𝐵
 1 −  

𝐴𝐵
𝐴𝐴
 

1
2ൗ

  

𝑝𝐿 = 𝑝𝐴 −
1
𝑟𝐶 
ൗ 𝑝𝐵  

𝑟𝐶  = 𝐴𝐴/𝐴𝐵 

𝛽
𝑒
 

C
yl

in
d
e
r 

S
tr

o
k
e

B
u
lk

 M
o
d

u
lu

s

𝑙 𝑡
 

END

Step 1

Static and 

Dynamic Sizing

Step 2

Catalog Data 

Conversion

Step 3

Dynamic 

Modeling and 

Simulation
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Symmetrical cylinder

Asymmetrical cylinder

Asymmetrical cylinder - Single effect

Implementation
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System
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Catalog Data Conversion

Design data & 
specifications

Conceptual 
model

Definitive
model

EMBODIMENT

DESIGN

Static and Dynamic 

Sizing

Data Conversion 

from Catalogs

Dynamic Modeling 

and Simulation

Parameters & 

Cylinder Spec.

Valve Specification

Catalogs

Conceptual 
Hydraulic Circuit

Behavioral 
specifications

Definitive
Hydraulic Circuit

Phase Steps

Tasks

Flow Coefficient

Valve Total 

Pressure Drop

1

2 𝑘𝑉  

Catalog Flow 

Coefficient

3 𝑘𝑉_𝑐𝑎𝑡  

START

Verify Operating 

Limits & Dynamics

4 𝑞𝑉𝑥∆𝑝𝑝  

END

∆𝑝𝑡  
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Catalog Data Conversion

TOTAL pressure drop:  pt

P => A + B => T or P => B + A=>T

PARTIAL pressure drop: pp

P => A or B => T       P => B or A => T

Valve Total 

Pressure Drop

1

START

∆𝑝𝑡  

𝑣𝑚𝑎𝑥

T      P     T

A     B

𝐴𝐴𝑝𝐿 = 𝐵𝑡𝑣𝑚𝑎𝑥 + 𝐹𝐿 @𝑣𝑚𝑎𝑥  

∆𝑝𝑡 =
2𝑝𝑆 − 4 𝑝𝐿_𝑣𝑚𝑎𝑥

 

3
 

∆𝑝𝑡 = 2  
𝑝𝑆
2
−  𝑝𝐿_𝑣𝑚𝑎𝑥

   

Valve 
Configuration

START

∆𝑝𝑡 = 2 ∆𝑝𝑝  

4 Ports Sym.

∆𝑝𝑡 = 𝑝𝑆 − 𝑝𝐿_𝑣𝑚𝑎𝑥
 

∆𝑝𝑡 =
4𝑝𝑆 − 4𝑝𝐿_𝑣𝑚𝑎𝑥

3
 

Direction
Extend Retract

@ MAXIMUM SPEED

(𝑟𝐶  = 𝐴𝐴/𝐴𝐵=2) (𝑟𝐶  = 𝐴𝐴/𝐴𝐵=2) 3 Ports 4 Ports Asym.
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Catalog Data Conversion

VERIFY IF CONDITION 

                   IS WITHIN 

OPERATING LIMITS

𝑞𝑉 𝑚𝑎𝑥  × Δ𝑝𝑝_𝑣𝑚𝑎𝑥
 

1

2

3

Δ𝑃𝑃 

𝑞𝑉 

END

VERIFY DYNAMIC RESPONSE

𝜔𝑛_𝑉_𝑐𝑎𝑡 ≥ 𝜔𝑛_𝑉  Verify Operating 

Limits & Dynamics

4 𝑞𝑉𝑥∆𝑝𝑝  

END
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Catalog Data Conversion

Flow Coefficient

Valve Total 

Pressure Drop

1

2 𝑘𝑉  

Catalog Flow 

Coefficient

3 𝑘𝑉_𝑐𝑎𝑡  

START

Verify Operating 

Limits & Dynamics

4 𝑞𝑉𝑥∆𝑝𝑝  

END

∆𝑝𝑡  

VERIFY IF CONDITION 

                   IS WITHIN 

OPERATING LIMITS

∆𝑝𝑡 =
2𝑝𝑆 − 4 𝑝𝐿_𝑣𝑚𝑎𝑥

 

3
 

∆𝑝𝑡 = 2  
𝑝𝑆
2
−  𝑝𝐿_𝑣𝑚𝑎𝑥

   

Valve 
Configuration

START

∆𝑝𝑡 = 2 ∆𝑝𝑝  

4 Ports Sym.

∆𝑝𝑡 = 𝑝𝑆 − 𝑝𝐿_𝑣𝑚𝑎𝑥
 

∆𝑝𝑡 =
4𝑝𝑆 − 4𝑝𝐿_𝑣𝑚𝑎𝑥

3
 

Direction
Extend Retract

𝐾𝑉 =
𝑞𝑉_𝑚𝑎𝑥

 ∆𝑝𝑡_𝑣𝑚𝑎𝑥

 

Selec Valve with:

Total Pressure 

Drop

Partial Pressure 

Drop
Valve Catalog

𝐾𝑉
2ൗ ≤ 𝐾𝑉𝑐𝑎𝑡 ≤ 2 𝐾𝑉 

𝐾𝑉𝑐𝑎𝑡 =
𝐾𝑉_𝑝_𝑐𝑎𝑡

 2
 

@ MAXIMUM SPEED

𝜔𝑛 _𝑉_𝑐𝑎𝑡 ≥ 𝜔𝑛_𝑉  

𝑞𝑉 𝑚𝑎𝑥  × Δ𝑝𝑝_𝑣𝑚𝑎𝑥
 

1

2

3

Δ𝑃𝑃 

𝑞𝑉 

END

(𝑟𝐶  = 𝐴𝐴/𝐴𝐵=2) (𝑟𝐶  = 𝐴𝐴/𝐴𝐵=2) 3 Ports 4 Ports Asym.

VERIFY DYNAMIC RESPONSE

𝜔𝑛_𝑉_𝑐𝑎𝑡 ≥ 𝜔𝑛_𝑉  

Step 1

Static and 

Dynamic Sizing

Step 2

Catalog Data 

Conversion

Step 3

Dynamic 

Modeling and 

Simulation
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Implementation
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r
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U
sControlle
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p

T

Real 
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Estimated 

Response

System

Requirements

Parameters & 

Cylinder Spec.

Valve

Specification

Definitive

Circuit

System

Operation
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𝐾𝑉 =
𝑞𝑉_𝑚𝑎𝑥

 ∆𝑝𝑡_𝑣𝑚𝑎𝑥

 

Selec Valve with:

Total Pressure 

Drop

Partial Pressure 

Drop
Valve Catalog

𝐾𝑉
2ൗ ≤ 𝐾𝑉𝑐𝑎𝑡 ≤ 2 𝐾𝑉 

𝐾𝑉𝑐𝑎𝑡 =
𝐾𝑉_𝑝_𝑐𝑎𝑡

 2
 

𝜔𝑛 _𝑉_𝑐𝑎𝑡 ≥ 𝜔𝑛_𝑉  

Catalog Data Conversion

Flow Coefficient

2 𝑘𝑉  

Catalog Flow 

Coefficient

3 𝑘𝑉_𝑐𝑎𝑡  

𝐾𝑉_𝑐𝑎𝑡 =
𝑞𝑉_𝑛

 ∆𝑝𝑡_𝑛

 

𝐾𝑉_𝑝_𝑐𝑎𝑡 =
𝑞𝑉_𝑛

 ∆𝑝𝑝_𝑛
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Step 1

Static and 

Dynamic Sizing

Step 2

Catalog Data 

Conversion

Step 3

Dynamic 

Modeling and 

Simulation
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Symmetrical cylinder

Asymmetrical cylinder

Asymmetrical cylinder - Single effect

Implementation

Desired

Response

p

S

x
Position 

sensor

Actu

ator

 Val

ve

A

A

A

B

U
r

U
C

U
sControlle
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p

T

Real 

Response

Estimated 

Response

System

Requirements

Parameters & 

Cylinder Spec.

Valve

Specification

Definitive

Circuit

System

Operation

Using the Design Method

Requirements Value

Settling time 0.13 s

Displacement 0.05 m

Overshoot? No

Supply pressure 7×106 Pa

Mass 76.5 kg

Stiffness 2618.4 N/m

External Load 440 N

Friction

Coefficient
730 Ns/m

Buck Modulus 1×109 Pa

▪ System configurations:

• Symmetrical cylinder + symmetrical valve

pS

X
A1

qva

V1

Position transducer 

Atuador

 

Valve

AA AB

Me

S1

A1

XV1

U
U

V1

Z1

U
S1

Controller
Z1

BC

KC

FC

qvb=qva

rA=AA/AB

rA=1
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Step 1

Static and 

Dynamic Sizing

Step 2

Catalog Data 

Conversion

Step 3

Dynamic 

Modeling and 

Simulation
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Symmetrical cylinder

Asymmetrical cylinder

Asymmetrical cylinder - Single effect

Implementation

Desired

Response

p

S

x
Position 

sensor

Actu

ator

 Val

ve

A

A

A

B

U
r

U
C

U
sControlle

r 

p

T

Real 

Response

Estimated 

Response

System

Requirements

Parameters & 

Cylinder Spec.

Valve

Specification

Definitive

Circuit

System

Operation

Using the Design Method

Yes No

𝜔𝑛_𝑆 =
4

𝜁𝑡𝑠_𝑆

 

𝜁 = 0.7 

𝜔𝑛_𝑆 =
6

𝜁𝑡𝑠_𝑆

 

𝜁 = 1 

Overshoot?
System 

Settling 

Time

𝑡𝑠_𝑆  

START

𝜔𝑛_𝑆 =
6

0.13
= 46.15 rad/s

𝜁 = 0.7 𝜁 = 1 

  

  

 

 

𝑣𝑚𝑎𝑥 = 0.37 𝑥d 𝜔𝑛_𝑆 

𝑎𝑚𝑎𝑥 − = −0.21 𝑥d 𝜔𝑛_𝑆
2 𝑎𝑚𝑎𝑥 − = −0.13 𝑥d 𝜔𝑛_𝑆

2 D
e
s
ir
e

d
 

S
te

p
 

O
u

tp
u
t

𝑥
𝑑

 

MAXIMUM 

SPEED

MAX. NEGATIVE 

ACCELERATION

𝑣𝑚𝑎𝑥 = 0.46 𝑥d 𝜔𝑛_𝑆 

𝑣𝑚𝑎𝑥 = 0.37 × 0.05 × 309 = 0.853 m/s

𝑎𝑚𝑎𝑥 = −0.13 × 0.05 × 3092 = −13.8 m/s2

Requirements Value

Settling time 0.13 s

Displacement 0.05 m

Overshoot? No

Supply pressure 7×106 Pa

Mass 76.5 kg

Stiffness 2618.4 N/m

External Load 440 N

Friction

Coefficient
730 Ns/m

Buck Modulus 1×109 Pa
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Static and Dynamic Sizing

Cylinder Area and 

Load Pressure

3 𝐴𝐴 

S
u
p

p
ly

 P
re

s
s
u
re

In
it
ia

l 
P

o
s
iti

o
n

LOAD PRESSURE @ MAXIMUM POWER

4 Ports Sym  𝑝𝐿_𝑃𝑚𝑎𝑥 = 2/3𝑃𝑠  
3 Ports Asym  𝑝𝐿_𝑃𝑚𝑎𝑥 = 1/3𝑃𝑠 

4 Ports Asym  𝑝𝐿_𝑃𝑚𝑎𝑥 = 4/3𝑃𝑠  (Extend) 

4 Ports Asym  𝑝𝐿_𝑃𝑚𝑎𝑥 = 1/3𝑃𝑠  (Retract) 

𝑝
𝑆
 

L
o

a
d

in
g

𝑀
𝑡
 

𝐾
𝑡
 

𝐵
𝑡
 

𝐹
𝐿
 

𝑥
𝑖 

Cylinder 

Catalog

CALCULATE 𝑀𝐴𝑋(𝐴𝐴 ) 

𝐴𝐴𝑝𝐿 = 𝐵𝑡𝑣𝑚𝑎𝑥 + 𝐹𝐿 

@𝑥𝑚𝑎𝑥  

𝐴𝐴𝑝𝐿 = 𝑀𝑡𝑎𝑚𝑎𝑥 + 𝐹𝐿 

𝐴𝐴𝑝𝐿 = 𝐾𝑡𝑥𝑚𝑎𝑥 + 𝐹𝐿 
𝑥𝑚𝑎𝑥 = 𝑥𝑖 + 𝑥𝑑  

@𝑣𝑚𝑎𝑥  

@𝑎𝑚𝑎𝑥  

with 𝑝𝐿 = 𝑝𝐿_𝑃𝑚𝑎𝑥  

CALCULATE 𝑀𝐴𝑋(𝑝𝐿  ) 

with 𝐴𝐴 

Known 

Area?

Another

Area?

𝐴𝐴 DEFINED! 

𝑝𝑆  

INCREASE

No

Yes

Yes

>
𝑀𝐴𝑋(𝑝𝐿 ) 

𝑝𝐿_𝑃𝑚𝑎𝑥 ? 
NoYesNo

𝑝𝐿 = 𝑝𝐴 −
1
𝑟𝐶 
ൗ 𝑝𝐵  

𝑟𝐶  = 𝐴𝐴/𝐴𝐵 

qv

0

P qVc at xn

P at xn

12/30

pL= pS

qvmax Pmax

pL

pS

pt

pS1 1/3

pt= pS

dP

dpL

= 0

𝑝𝐿_𝑃𝑚𝑎𝑥 =
2

3
𝑝𝑆 =

2

3
70 × 105= 46.7 × 105 Pa

@𝑥𝑚𝑎𝑥  

@𝑣𝑚𝑎𝑥  

@𝑎𝑚𝑎𝑥  

𝐴𝐴 =
2618.4×0.05+440

46.7×105
= 1.22 × 10−4 m2

𝐴𝐴 =
730×0.849+440

46.7×105
= 2.28 × 105 m2

𝐴𝐴 =
76.5×(−13.8)+440

46.7×105
= 1.32 × 105 m2
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N
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Symmetrical cylinder

Asymmetrical cylinder

Asymmetrical cylinder - Single effect

Static and Dynamic Sizing

Maximum Flow 

rate

4 𝑞𝑉 𝑚𝑎𝑥  

Cylinder Natural 

Frequency

5 𝜔𝑛_𝐶 

pA pB

AA AB

qV in Kx

FL

BL

x

MLMC

𝑣𝑚𝑎𝑥

𝑞𝑉 𝑚𝑎𝑥 = 𝐴A 𝑣𝑚𝑎𝑥  

      𝜔𝑛 _𝑚𝑖𝑛 =  
4 𝛽𝑒 𝐴𝐴

2

𝑀𝑡  𝑉𝑡
 

1
2ൗ

 𝜔𝑛_𝑚𝑖𝑛 =  
𝛽𝑒

𝑀𝑡

 
𝐴𝐴
𝑙𝐴

+
𝐴𝐵

𝑙𝑡 − 𝑙𝐴
  

1
2ൗ

 𝜔𝑛_𝑚𝑖𝑛 =  
𝛽𝑒  𝐴𝐴

2

𝑀𝑡  𝑉𝐴
 

1
2ൗ

 

with 𝑙𝐴 =
𝐴𝐴 𝑙𝑡

𝐴𝐴 − 𝐴𝐵
 1 −  

𝐴𝐵
𝐴𝐴
 

1
2ൗ

  

𝛽
𝑒
 

C
yl

in
d
e
r 

S
tr

o
k
e

B
u
lk

 M
o
d

u
lu

s

𝑙 𝑡
 

𝑞𝑉 𝑚𝑎𝑥 = 2.28 × 10−4 × 0.853 = 2 × 10−4 m3/s= 12 L/min

𝜔𝑛_ 𝑚𝑖𝑛 =
4×1×109× 2.28×10−4

2

76.5×1.14×10−4

Τ1 2

= 218.37 rad/s



33
Sizing and Design of Hydraulic Positioning Systems – Marcos P Nostrani

Static and Dynamic Sizing

Valve Natural 

Frequency

6 𝜔𝑛_𝑉  

Valve Settling 

Time

7 𝑡𝑠_𝑉  

END

?

𝜔𝑛_𝐴 ≥ 5 𝜔𝑛_𝑆 𝜔𝑛_𝑉 ≥ 5 𝜔𝑛_𝑆  𝜔𝑛_𝑉 ≥ 5 𝜔𝑛_𝐴 

Yes

No

𝑡𝑠_𝑉 =
4

𝜁𝜔𝑛_𝑉

= 
5.7

𝜔𝑛_𝑉

 

𝜁 = 0.7 

END𝜔𝑛_𝐴 = 218.37rad/s 𝜔𝑛_𝑆 = 46.15 rad/s≥

𝑡𝑠_𝑉 =
5.7

5×𝜔𝑛_𝐴
=

5.7

5×218.37
= 5 ms
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Catalog Data Conversion

Valve Total 

Pressure Drop

1

START

∆𝑝𝑡  

𝑣𝑚𝑎𝑥
𝐴𝐴𝑝𝐿 = 𝐵𝑡𝑣𝑚𝑎𝑥 + 𝐹𝐿 @𝑣𝑚𝑎𝑥  

∆𝑝𝑡 =
2𝑝𝑆 − 4 𝑝𝐿_𝑣𝑚𝑎𝑥

 

3
 

∆𝑝𝑡 = 2  
𝑝𝑆
2
−  𝑝𝐿_𝑣𝑚𝑎𝑥

   

Valve 
Configuration

START

∆𝑝𝑡 = 2 ∆𝑝𝑝  

4 Ports Sym.

∆𝑝𝑡 = 𝑝𝑆 − 𝑝𝐿_𝑣𝑚𝑎𝑥
 

∆𝑝𝑡 =
4𝑝𝑆 − 4𝑝𝐿_𝑣𝑚𝑎𝑥

3
 

Direction
Extend Retract

@ MAXIMUM SPEED

(𝑟𝐶  = 𝐴𝐴/𝐴𝐵=2) (𝑟𝐶  = 𝐴𝐴/𝐴𝐵=2) 3 Ports 4 Ports Asym.

∆𝑝𝑡= 70 × 105 − 46.63 × 105= 23.37 × 105 Pa
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𝐾𝑉 =
𝑞𝑉_𝑚𝑎𝑥

 ∆𝑝𝑡_𝑣𝑚𝑎𝑥

 

Selec Valve with:

Total Pressure 

Drop

Partial Pressure 

Drop
Valve Catalog

𝐾𝑉
2ൗ ≤ 𝐾𝑉𝑐𝑎𝑡 ≤ 2 𝐾𝑉 

𝐾𝑉𝑐𝑎𝑡 =
𝐾𝑉_𝑝_𝑐𝑎𝑡

 2
 

𝜔𝑛 _𝑉_𝑐𝑎𝑡 ≥ 𝜔𝑛_𝑉  

Catalog Data Conversion

Flow Coefficient

2 𝑘𝑉  

Catalog Flow 

Coefficient

3 𝑘𝑉_𝑐𝑎𝑡  

𝐾𝑉_𝑐𝑎𝑡 =
𝑞𝑉_𝑛

 ∆𝑝𝑡_𝑛

 

𝐾𝑉_𝑝_𝑐𝑎𝑡 =
𝑞𝑉_𝑛

 ∆𝑝𝑝_𝑛

 

𝐾𝑉 =
2×10−4

23.37×105
= 1.31 × 10−7 m3/(sPa1/2)

𝐾𝑉 =
12

23.37
= 2.48 L/(min. bar1/2)
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Step 1

Static and 

Dynamic Sizing

Step 2

Catalog Data 

Conversion

Step 3

Dynamic 

Modeling and 

Simulation
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Symmetrical cylinder

Asymmetrical cylinder

Asymmetrical cylinder - Single effect

Implementation

Desired

Response

p

S

x
Position 

sensor

Actu

ator

 Val

ve

A

A

A

B

U
r

U
C

U
sControlle

r 

p

T

Real 

Response

Estimated 

Response

System

Requirements

Parameters & 

Cylinder Spec.

Valve

Specification

Definitive

Circuit

System

Operation

Using the Design Method

Requirementv Value

Settling time 0.13 s

Displacement 0.05 m

Overshoot? No

Supply pressure 7×106 Pa

Mass 76.5 kg

Stiffness 2618.4 N/m

External Load 440 N

Friction

Coefficient
730 Ns/m

Buck Modulus 1×109 Pa

Parameter Value

System nat. freq. 46.15 rad/s

Max. Cyl. speed 0.849 m/s

Max. Negative Cyl. 

acceleration
-13.8 m/s2

Max. Power Load Pressure 4.67×106 Pa

Cyl. area 2.28×10-4 m2

Max. flow rate
2×10-4 m3/s

(12 L/min)

Cylinder nat. frequency 218.4 rad/s

Valve nat. frequency 230.75 rad/s
Parameter Value

Cylinder rod diameter 18 mm

Cylinder bore diameter 25 mm

Cylinder annulus area 2.364 cm2

Valve flow coefficient

1.31×10-7 

m3/s.Pa1/2

(2.48 L/min.bar1/2)

Selected components:
Bosch Rexroth CGT3MS2 25/18/200
Bosch Rexroth valve 0 811 404 038 (Kv = 2.68)
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▪ Symmetrical cylinder

Maximum deceleration

▪ Operating points:

• a = Retracting: Chamber A: higher pressure; Chamber B: lower pressure.

• b = Extending: Chamber A: lower pressure; Chamber B: higher pressure.

• Points A and B: maximum negative and positive external forces 

• c = Chamber B:  Retracting: lower pressure; Extending: higher pressure.

• d = Chamber A: Retracting: higher pressure; Extending: lower pressure

Cylinder and Valve Matching

Retracting Extending

Chamber B

Chamber A

T    P   T

A    B
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▪ Asymmetrical cylinder

Maximum deceleration

▪ Operating points:

• a = Retracting: Chamber A: higher pressure; Chamber B: lower pressure.

• b = Extending: Chamber A: lower pressure; Chamber B: higher pressure.

• Points A and B: maximum negative and positive external forces 

• c = Chamber B:  Retracting: lower pressure; Extending: higher pressure.

• d = Chamber A: Retracting: higher pressure; Extending: lower pressure

Cylinder and Valve Matching

Retracting Extending

Chamber B

Chamber A

T    P   T

A    B
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Non linear, Kv=1,13, Kp=15,0

Non linear, Kv=1,43, Kp=8,0

Non linear, Kv=2,48, Kp=4,0

Non linear, Kv=5,38, Kp=2,0

Influence of the Valve Flow Coefficient

▪ Results (M = 76.5 kg):

• Kv < 1.24 L/min.bar1/2 (50%)

• Higher controller gains are required

• Larger periods of valve saturation

• Tendency of instability

• Kv > 4.96 L/min.bar1/2 (200%)

• Smaller proportional gains

• No valve saturation

• Larger valves do not exhibit performance improvement

• Slower and expensive valve

Flow Coefficient (Κv)
Relative to 

selected value

L/min.bar1/2 ×10-7

m3/s.Pa1/2 %

1.13 0.60 ~ 40

1.43 0.76 ~ 50

2.48 1.31 Specified value

5.38 2.84 ~ 200
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Input signal

Non linear model, Kv=1,13, Kp=15,0

Non linear model, Kv=1,43, Kp=8,0

Non linear model, Kv=2,48, Kp=4,0

Non linear model, Kv=5,38, Kp=2,0
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Reference

Wn
v
 = 2 x Wn

sis

Wn
v
 = 3 x Wn

sis

Wn
v
 = 5 x Wn

sis

Correlation between Natural Frequencies

▪ Valve Natural Frequency x Positioning System Natural Frequency:

• Experimental system:

• Valve natural frequency = 440 rad/s (70 Hz)

• System natural frequency = 46.15 rad/s (7.3 Hz)

• Without load mass and coupled spring:

Ensure a high cylinder+load natural frequency

▪ With 

• The dynamic performance cannot be achieved

▪ With 

• The dynamic performance is effectively achieved

• Desired response without overshoot

𝜔𝑛_𝑉 ≈ 9.5 𝜔𝑛_𝑆

𝜔𝑛_𝑉 < 3 𝜔𝑛_𝑆

𝜔𝑛_𝐶 > 5 𝜔𝑛_𝑆

𝜔𝑛_𝑉 ≥ 5 𝜔𝑛_𝑆
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Correlation between Natural Frequencies

▪ Cylinder Natural Frequency x Positioning System Natural Frequency:

• Cylinder natural frequency = 220 rad/s (35 Hz)

• System natural frequency = 46.15 rad/s (7.3 Hz)

• Changing fluid volumes: 

▪ With 

• The dynamic performance cannot be achieved

▪ With 

• The dynamic performance is effectively achieved

• Desired response without overshoot
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Reference

Wn
a
 = 5 x Wn

sis

Wn
a
 = 3 x Wn

sis

Wn
a
 = 2 x Wn

sis

𝜔𝑛_𝐶 = 2 𝜔𝑛_𝑆 𝜔𝑛_𝐶 = 3 𝜔𝑛_𝑆

𝜔𝑛_𝐶 ≈ 5 𝜔𝑛_𝑆

𝜔𝑛_𝐴 < 3 𝜔𝑛_𝑆

𝜔𝑛_𝐴 ≥ 5 𝜔𝑛_𝑆
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