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Excavator hydraulics
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A new “meter-less” architecture would
allow flow from several smaller pumps to
bo paired with each individual actuator,
thus eliminating the main control valve
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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
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http://www.youtube.com/watch?v=wm-E_YNvOek
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Advantages of hydrostatic drives

Simple method to create linear movements
Creation of large forces and torques, high energy density
Continuously variable movement of the actuator

Simple turnaround of the direction of the movement, starting
possible under full load from rest

Low delay, small time constant because of low inertia
Simple overload protection (no damage in case of overload)
Simple monitoring of load by measuring pressure

Arbitrary positioning of prime mover and actuator

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

Robust (insensitive against environmental influences)



Disadvantages of hydrostatic drives

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

$ It is not economic for large distances



A New Excavator without vibration

problem?
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Conventional pitching test:

experimental result (ec290)

Max. CWT displacement:
55mm, ~1.5 Hz.



» Sensor distribution map for the pitching data acquisition
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»  Pitching motion mechanism — boom lifting mechanism

»  Frequency response of the system

»  Time delay analysis

»  Optimum sensor locations to detect pitching motion :
Boom_upper and Boom_lower chamber pressures
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» Prototype schematic diagram to represent the pitching motion




TI TMS320 chip,
Realsys-DSP33-PLUSE

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

~$1000

Appropriate for experimental
implementation

C program

Inexpensive DSP is desirable
VOLVO custom design
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» 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

‘ > volvo_real_data_Inpuc.i =L X]
1EV°|V°_rea|.data_i“pUt-ViDiagram* EE j .J.Em File Edt Operate Tooks Browse Mindow Help E[L
Fle Edt Operate Toos Bowse Wndow e E& 0[] [m it et |88+ !
@@E@Dir|13pmpp\icationhnt vl Ul (ﬁv' T 4
[

Power. Redording Sensor_upper
sensor_lower i

DSP SignaID DSP control

BM_low signal)>

n N:on
Priol plia» n

A Hoocunents end SettmgsWNanoWDeshoEWMEEer o data.txtl e

' olumnt: upper_raw_data
olumn?: lower raw_data
olumn3: control signal

]

aly
B Eower. Redordinﬁ =
4 W0ocuments and Setings Weno W0esttopHhower rom gkt 1 BM_u p-sign alp

16|29 3227
v
{ Ld K| M




sensor 2

Bu_down@/

Pilot_down

Main hydraulic line

Pilot hydraulic line
Electric line | I

Main pump

~ Pressure — —
~ X5 sensor 1 = — e
> = IS ﬁ‘ 91
e 5,::.!_1[ AL A2 A I A 2 A2\ -_»_.;"

Solenoid valve

................ A
': » -rrnnnn
DSP R T

H

RCY



» Pressure sensors
Boom-up chamber
Boom-low chamber

» Boom stroke sensor




» DSP controller

» Solenoid actuation controlled by DSP




. Non—controlled pilot pressure and CWT displacement)




What are pneumatics

Mechanisms which use

air pressure to apply
. Retracted
mechanical force and Cylinder

displacement (work)

The pneumatic devices
we use are basically

binary actuators — either
retracted or extended

Extended
Cylinder



Pneumatic Actuation
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Pneumatic Control Valve
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Reading Pneumatic Schematic Symbols

The Block The Arrows

The Arrow zymbol: illustrate che direction of

The block symbokze: the potuble valve function: or
position:. Example: A 5/7 valve schematic will be gasses flowing into and ouc of che valve pore:. Gas
illuserared with 2 blocks describing cwo valve funcnoas A B i1 prezsure &z tupplied from pore P. Depending oz
or positions. A 5/3 valve schematic will show three which of the valve blocks 1t in funcfion, the gaz it
blocks: dezcribing 3 poszible valve function: or directed to port A or B as zhown by the arrow:.

position:. /
The Return S l"illg

The Actuator ?
(Soleuoid) S}'mbol v @ v The spring zymbol define: rhe “at rezt” pozition of the

EA P EB : : R
zolenodd valve. The zpring "Puche:" from the side it 2z drawn
on and place: the right zide block diagram of che valve in

Poeumatic valves can be operated in 5/2 Valv as S IS ¢ - 1 ition: 2
5/2 Valve has 5 ports and 2 possible conditions fusction.
several wayz. Hand operared ( including —|—
lever: and puthk and or push pull button:) ; 2 : . :
Air piloted (Operated remotely by 1.) B is pressurized and A is exhausted. The T Symbel
passmatic dyasts]. Selmal (Srcly 2.) A is pressurized and B is exhausted. Thiz zymbol indicates that a port it closed

3 3¢ signals
Scfued with lectrmmsc vignsk) axnd iz neither pazzing or exkausdng gaz.

Vv N When the solenoid is NOT energized the B port is
IA =B

pressurized. The spring svmbol defines the valve R e (L

Exhaust Port Symbol position at rest. P )

Supply Symboeol

Thiz symbol indicate: the air zupply port
The wverted triangle symbol denoce: an exhaust In addicon to thiz symbel the letter P or
pore. The lecterz EA indicate this s the exhause the number 1 al:o indicates the air supply
port for the A circuit. Ebin turn indicates the pert.

exhaust port for the B circuie.



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



The pneumatic system
(the solenoid valve)
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The pneumatic system
(device control)

State A — Extends rod
State B — Retracts rod

%~ flexible tubing

Air
/ Pressure

\ A restrictor valve in Vent B

slows extension speed
without affecting retraction
speed




