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A	
  typical	
  hydraulic	
  system	
  

1 – pump 
2 – oil tank 
3 – flow control valve 
4 – pressure relief valve 
5 – hydraulic cylinder 
6 – directional control valve 
7 – throttle valve 



hJp://www.youtube.com/watch?v=wm-­‐E_YNv0ek	
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Advantages	
  of	
  hydrosta6c	
  drives	
  

  Simple	
  method	
  to	
  create	
  linear	
  movements	
  

  Crea4on	
  of	
  large	
  forces	
  and	
  torques,	
  high	
  energy	
  density	
  
  Con4nuously	
  variable	
  movement	
  of	
  the	
  actuator	
  

  Simple	
  turnaround	
  of	
  the	
  direc4on	
  of	
  the	
  movement,	
  star4ng	
  
possible	
  under	
  full	
  load	
  from	
  rest	
  

  Low	
  delay,	
  small	
  4me	
  constant	
  because	
  of	
  low	
  iner4a	
  

  Simple	
  overload	
  protec4on	
  (no	
  damage	
  in	
  case	
  of	
  overload)	
  

  Simple	
  monitoring	
  of	
  load	
  by	
  measuring	
  pressure	
  

  Arbitrary	
  posi4oning	
  of	
  prime	
  mover	
  and	
  actuator	
  

  Large	
  power	
  density	
  (rela4vely	
  small	
  mass	
  for	
  a	
  given	
  power	
  
compared	
  to	
  electrical	
  and	
  mechanical	
  drives)	
  

  Robust	
  (insensi4ve	
  against	
  environmental	
  influences)	
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Disadvantages	
  of	
  hydrosta6c	
  drives	
  

  Working	
  fluid	
  is	
  necessary	
  (leakage	
  problems,	
  filtering,	
  etc.)	
  

  It	
  is	
  not	
  economic	
  for	
  large	
  distances	
  



Conventional pitching test: 

experimental result (ec290) 

Max. CWT displacement:  

55mm, ~1.5 Hz. 
Pitching motion 

Counter weight displacement  

A New Excavator without vibration 
problem? 



Pilot _up


Pump2
Pump1


Pilot_ down 


BM_low


Fcontrol_1

Fcontrol_2


EG


BM_up


BM_input


Experimental data acquisition


  Sensor	
  distribu4on	
  map	
  for	
  the	
  pitching	
  data	
  acquisi4on	
  	
  



BM_stroke


BM_low


BM_up


CWT_dis


Pilot_up


1st pitching motion
 2nd pitching motion


Pitching motion detection


Experimental data analysis




►  Pitching	
  mo4on	
  mechanism	
  –	
  boom	
  li`ing	
  mechanism	
  	
  

►  Frequency	
  response	
  of	
  the	
  system	
  

►  Time	
  delay	
  analysis	
  

►  Op4mum	
  sensor	
  loca4ons	
  to	
  detect	
  pitching	
  mo4on	
  :	
  	
  
	
   	
  Boom_upper	
  and	
  Boom_lower	
  chamber	
  pressures	
  

Experimental data analysis


CWT


Boom 
cylinder


Attachment


Energy flow 


Kinetic energy of the CWT


Potential energy of the boom 
cylinder


Kinetic energy of the 
attachment


►  Pitching	
  mo4on	
  mechanism	
  

M’


M’’




Dynamic model for pitching motion


  Prototype	
  schema4c	
  diagram	
  to	
  represent	
  the	
  pitching	
  mo4on	
  

y2


y1

M1


M2


F(t)


b1


K2


K1


b2




Design and fabrication of a DSP-based digital controller


  TI	
  TMS320	
  chip,	
  	
  

	
  Realsys-­‐DSP33-­‐PLUSE	
  

  ADC:12bit	
  8Ch	
  DAC	
  :12bit	
  2Ch	
  

  ~$1000	
  

  Appropriate	
  for	
  experimental	
  
implementa4on	
  

  C	
  program	
  

  Inexpensive	
  DSP	
  is	
  desirable	
  

	
  VOLVO	
  custom	
  design	
  



Labview test 


  Simulated	
  sensor	
  signals	
  to	
  the	
  DSP	
  
	
  Voltage	
  signal	
  from	
  D/A	
  converter	
  to	
  the	
  DSP	
  

  To	
  test	
  the	
  control	
  program	
  of	
  the	
  DSP	
  
	
  Voltage	
  signal	
  from	
  DSP	
  to	
  A/D	
  converter	
  
	
  Various	
  control	
  environments	
  

BM_low signal


DSP signal


BM_up signal




Control schematic diagram




Input shaping Experiment


  Pressure	
  sensors	
  

	
  Boom-­‐up	
  chamber	
  
	
  Boom-­‐low	
  chamber	
  

  Boom	
  stroke	
  sensor	
  



Input shaping Experiment


  DSP	
  controller	
  

  Solenoid	
  actua4on	
  controlled	
  by	
  DSP	
  



Input shaping Experiment


Non-controlled pilot pressure and CWT displacement


Controlled pilot pressure and CWT displacement




What	
  are	
  pneuma4cs	
  

•  Mechanisms	
  which	
  use	
  
air	
  pressure	
  to	
  apply	
  
mechanical	
  force	
  and	
  
displacement	
  (work)	
  

•  The	
  pneuma4c	
  devices	
  
we	
  use	
  are	
  basically	
  
binary	
  actuators	
  –	
  either	
  
retracted	
  or	
  	
  	
  extended	
  

Retracted	
  
Cylinder	
  

Extended	
  
Cylinder	
  



Pneuma4c	
  Actua4on	
  



Pneuma4c	
  Control	
  Valve	
  





Strengths	
  

•  Simple	
  

•  Easy	
  to	
  control	
  
•  Can	
  apply	
  a	
  lot	
  of	
  force	
  from	
  a	
  small,	
  light	
  package	
  
•  Force	
  is	
  limited	
  by	
  air	
  pressure	
  and	
  cylinder	
  
diameter	
  

•  No	
  adverse	
  consequence	
  if	
  cylinder	
  is	
  stopped	
  (no	
  
stalled	
  motors)	
  or	
  reversed	
  –	
  compressed	
  air	
  is	
  a	
  
spring	
  



Drawbacks	
  

•  Cylinders	
  can	
  be	
  subject	
  to	
  damage	
  	
  
•  Repair	
  impossible	
  

•  Not	
  well	
  suited	
  for	
  non-­‐binary	
  actua4on	
  



The	
  pneuma4c	
  system	
  
(the	
  solenoid	
  valve)	
  

Air	
  Supply	
  
(Pressure)	
  

Vent	
  B	
  

Vent	
  A	
  

Port	
  A	
  

Port	
  B	
  

A	
   B	
  

V	
   P	
   V	
  

State	
  A	
  
A	
   B	
  

V	
   P	
   V	
  

State	
  B	
  

All	
  ports	
  
⅛”	
  NPTF	
  



The	
  pneuma4c	
  system	
  
(device	
  control)	
  

Spike	
  Controller	
  

Air	
  
Pressure	
  

A	
  restrictor	
  valve	
  in	
  Vent	
  B	
  
slows	
  extension	
  speed	
  
without	
  affec4ng	
  retrac4on	
  
speed	
  	
  

¼”	
  flexible	
  tubing	
  

State	
  A	
  –	
  Extends	
  rod	
  
State	
  B	
  –	
  Retracts	
  rod	
  


