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Ground vibrations influencing machine accuracy 

DeBra (1992)  

 Ground vibrations distort the machine and results in loss of machining accuracy 

 Insulating the machine from its production environment is difficult 

 Hence, necessary to isolate machine from disturbances to maintain accuracy 
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Isolation range 

Vibration isolation: passive and/or active? 

Pass ive isolators : High damping and relatively low support stiffness 

 Passive isolators offer simple and effective isolation solutions  

 Dynamic instabilities like rocking due to the low support stiffness 

 Difficult to design when ground vibrates with unpredictable  

       waveform that has broadband spectrum 
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Active isolators and objectives of this work 

Controller 

Actuator  

(pneumatic; 

electromagnetic;  

piezoelectric;  

magnetorheological;  

or, hydraulic) 

Load 

Feedback  

transducer 

+ 
- 

∑ 
Command  

signal 

Motion 

Voltage 

 Pneumatic 

 Electromagnetic 

 Magnetorheological 

 Piezoelectric 

Unable to support high loads 

Low strokes 

Suffers from hysteresis 

Small deflection capacities 

Hydraulic actuators  

 High static stiffness 

 No hysteresis 

 Large deflection  

Actuating principles  
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Structure 

 Introduction and Motivation 

 Electro-hydraulic active isolator 

 Actuator working principle and dynamics 

 Experimental characterization 

 Active isolation of machine tools 

 Transmissibility of a flexible machine 

 Conclusions and outlook 
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Proposed electro-hydraulic isolation system @ IWU 

Working principle: displacement compensation 
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Actuator dynamics (without load and disturbance) 

Valve dynamics: 

𝐺𝑣𝑎𝑙𝑣𝑒 =
𝑥𝑣
𝑣
𝑠 = 𝐾𝑣

1

1 +
2𝜁
𝜔𝑛𝑣
𝑠 +

𝑠
𝜔𝑛𝑣

2  

Hydraulic and Piston dynamics: 

𝑄𝐿 = 𝐴𝑝𝑠𝑥𝑝 +
𝑉𝑡
4𝛽
𝑠𝑃𝐿 

𝐹𝑝 = 𝑃𝐿𝐴𝑝 = 𝑀𝑠
2𝑥𝑝 + 𝐶𝑠𝑥𝑝 + 𝐾𝐿𝑥𝑝 + 𝐹𝐿 

𝐺𝑎𝑐𝑡 =
𝑥𝑝
𝑥𝑣
=

𝐾𝑄/𝐴𝑝

s +
𝐾𝐶𝐾𝐿
𝐴𝑝
2
𝑠2

𝜔ℎ
2 +
2𝛿ℎ
𝜔ℎ
+ 1

 

𝑉𝑡 = 𝑉1 + 𝑉2 = 2𝑉0;
𝑃𝐿 = 𝑃1 − 𝑃2

 

𝜔ℎ =
4𝛽𝐴𝑝

2

𝑉𝑡𝑀
 𝛿ℎ = 

𝐾𝐶
𝐴𝑝

𝛽𝑀

𝑉𝑡
 

Hyd. stiffness and damping 

𝐺𝐸𝐻𝐴 =
𝑥𝑝
𝑣
= 𝐺𝑣𝑎𝑙𝑣𝑒𝐺𝑎𝑐𝑡 

𝑄𝐿 = 𝐾𝑄𝑥𝑣 − 𝐾𝐶𝑃𝐿; 

Meritt (1967);  

Jelali & Kroll (2003)  
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Unknown parameter identification 

𝐺𝑎𝑐𝑡 =
𝑥𝑝
𝑥𝑣
=

𝐾𝑄/𝐴𝑝

s +
𝐾𝐶𝐾𝐿
𝐴𝑝
2
𝑠2

𝜔ℎ
2 +
2𝛿ℎ
𝜔ℎ
+ 1

 

𝐺𝐸𝐻𝐴 =
𝑥𝑝
𝑣
= 𝐺𝑣𝑎𝑙𝑣𝑒𝐺𝑎𝑐𝑡 

𝐺𝑣𝑎𝑙𝑣𝑒 =
𝑥𝑣
𝑣
𝑠 = 𝐾𝑣

1

1 +
2𝜁
𝜔𝑛𝑣
𝑠 +

𝑠
𝜔𝑛𝑣

2  

min 𝑓𝑜𝑏𝑗𝑠 𝑥𝑑 = 𝑟𝑖
2

𝑛𝑝

𝑖=1

𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑙𝑏 ≤ 𝑥𝑑 ≤ 𝑢𝑏 

𝑟𝑖 = 𝐺𝐸𝐻𝐴𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝐺𝐸𝐻𝐴 𝑥𝑑  

𝑥𝑑 ⊂ 𝐾𝐿; 𝐶; 𝜔𝑛𝑣; 𝜁; 𝐾𝑄; 𝐾𝐶  

Jelali & Kroll (2003)  

Variable 
Intial 

value 

Identified 

value 

Viscous coefficient, C [Ns/m] 3900 1951 

Actuator static stiffness, KL [N/m] 6.8 × 108 6.8 × 108 

Flow gain coefficient, KQ [m
3/s/mA] 9.74 × 10−6 9.74 × 10−6 

Flow pressure coefficient, KC [ m
3/s/Pa] 7.15 × 10−11 6.6 × 10−11 

Valve Natural frequency, ωnv [rad/s] 628 524 

Damping ratio, ζ 0.48 0.65 

System identification: 
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Experimental characterization 
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Closed-loop dynamics of the actuator  
(without machine and external disturbance) 

Bandwidth: ~100 Hz 

Valve freq. Hyd. Freq. 



© Fraunhofer IWU 
 

11 

Structure 

 Introduction and Motivation 

 Electro-hydraulic active isolator 

 Actuator working principle and dynamics 

 Experimental characterization 

 Active isolation of machine tools 

 Transmissibility of a flexible machine 

 Conclusions and outlook 
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Active isolation of machine tools 

Transmissibility 
between ground 

and actuator 

𝑇𝑅𝑞𝑔 =
𝑥𝑞

𝑥𝑔
=
𝑥𝑝

𝑥𝑔
×
𝑥𝑞

𝑥𝑝
;       𝑝 = 1…4 

𝑇𝑅𝑡𝑔 =
𝑥𝑡
𝑥𝑔
=
𝑥𝑝

𝑥𝑔
×
𝑥𝑡
𝑥𝑝
;       𝑝 = 1…4 

Transmissibility between ground and table: 

Transmissibility between ground and tool point: 

Transmissibility 
between actuator 

and table 

Transmissibility 
between ground 

and actuator 

Transmissibility 
between actuator 

and tool point 
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Transmissibility betn actuator and table/tool point 

𝑇𝑅𝑡𝑝 𝜔 =
𝑥𝑡 𝜔

𝑥𝑝 𝜔
=
𝑥𝑡 𝜔 /𝐹𝑝 𝜔

𝑥𝑝 𝜔 /𝐹𝑝 𝜔
 

𝑇𝑅𝑞𝑝 𝜔 =
𝑥𝑞 𝜔

𝑥𝑝 𝜔
=
𝑥𝑞 𝜔 /𝐹𝑝 𝜔

𝑥𝑝 𝜔 /𝐹𝑝 𝜔
 

𝐻𝑖𝑗 𝜔 = 
𝛷𝑖𝑟𝛷𝑗𝑟

−𝜔2 + 𝑖𝑚2𝜁𝑟𝜔𝜔𝑛𝑟 +𝜔𝑛𝑟
2

𝑁𝑚

𝑟

 

TR betn actuator and table: 

TR betn actuator and tool point: 

wherein: 

=
𝐻𝑞𝑝 𝜔

𝐻𝑝𝑝 𝜔
;    𝑝 = 1…4 

=
𝐻𝑡𝑝 𝜔

𝐻𝑝𝑝 𝜔
;    𝑝 = 1…4 
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TCP - Front Left

TCP - Front Right

TCP - Rear Left

TCP - Rear Right
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Controlled transmissibility 

𝑇𝑅𝑞𝑔 =
𝑥𝑞

𝑥𝑔
=
𝑥𝑝

𝑥𝑔
×
𝑥𝑞

𝑥𝑝
;       𝑝 = 1…4 𝑇𝑅𝑡𝑔 =

𝑥𝑡
𝑥𝑔
=
𝑥𝑝

𝑥𝑔
×
𝑥𝑡
𝑥𝑝
;       𝑝 = 1…4 

TR between ground and table: TR between ground and tool point: 

Hydraulics 

Mechanics 
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Controlled transmissibility 
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Uncontrolled Controlled

0 20 40 60 80 100
-70

-60

-50

-40

-30

-20

-10

0

Freq. [Hz]

T
R

 [
m

/m
 i

n
 d

B
]

0 20 40 60 80 100
-40

-30

-20

-10

0

10

20

30

Freq. [Hz]

T
R

 [
m

/m
 i

n
 d

B
]

0 20 40 60 80 100
-40

-30

-20

-10

0

10

20

Freq. [Hz]
T

R
 [

m
/m

 i
n

 d
B

]

0 20 40 60 80 100
-70

-60

-50

-40

-30

-20

-10

0

Freq. [Hz]

T
R

 [
m

/m
 i

n
 d

B
]

 

 

Uncontrolled Controlled
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TR between ground and table TR between ground and tool point 

Front left mount 

Rear left mount 

Front right mount 

Rear right mount 

~20 dB 

~7 dB 

~35 dB 

~25 dB 

~10 dB 

~7 dB 

~8 

 dB 

~25 dB 

~10 dB 
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Summary 

 Designed and developed a novel electro-hydraulic isolator 

 Actuator has a high static stiffness to support large inertial loads 

 Controlled closed-loop transmissibility shows actuator: 

 Has a high bandwidth (~100 Hz) 

 Can attenuate ground motion transmitted to the tool/table up to 35 dB 

Future work 

 Further experimental characterization of actuator   

 Investigate advanced control strategies 
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