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* Actuation Systems
1

o Definition

+ The elements of control systems which are responsible for
transforming the output of a microprocessor or control system into

a controlling action on a machine or device

o Pneumatics

+ Compressed air is used

o Hydraulics

+ Liquid, typically oil, is used




! Actuation Systems

o Pneumatics (compressed air)

+ Drawback

o Compressibility of air, difficult to control

accurately
o Hydraulics (liquid, typically oil)
+ High power, large force in a compact
package

+ Drawback

o Oil leak

. Gincs Q oo .
o Lots of equipment (pumps, accumulators, %G?f%?‘g".‘z- “'q

hoses, servo valves...), kind of messy
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! Hydraulic Systems -1

o Hydraulic power supply

Gas-charging
valve

Accumulator
Pressure-

relief valve
—c m_——

Non-return

valve
T — Bladder
Pump l - H.\'.dr;lu]ic
fluid
-~

Oil Sump

Accumulator

Accumulator: To smooth out any short-term

fluctuations in the output oil pressure
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! Hydraulic Systems -2

o Pumps

+ Gear pump ( B5%f )
o Low cost and robust

» ~15MPa, 0.5 m3/min

> Leakage
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Fluid discharged Outlet port Fluid transported
to outlet T round between teeth

Intermeshing l f I
gears Inlet port

Fluid trapped

Gear pump

! Hydraulic Systems -3

o Pumps

+ Vane pump ( B )
o Spring-loaded sliding vanes

o Less leakage than the gear pump
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Discharge port
Spring-loaded
shiding vanes

)

Inlet port

Vane pump




'! Hydraulic Systems -4

o Pump

Piston moves
inand fills
with il

Piston moves out
and expels oil

+ Piston pump (&2 ) .
ASINE Detail of
hollow

piston

o High efficiency

Inlet port Outlet port

o High hydraulic pressure

Fixed cam Rotating

cvlinder block

Radial piston pump
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! Hydraulic Systems -5

Chamber fills with fluid and

Q P u m p is then rotated to opposite outlet port
— 17 S i
+ Piston pump et port —>- )/

o High efficiency

Rotating
shaft

Outlet port ~—

o High hydraulic pressure | |

Rotating cvlinder block  Piston Rotating shoce plate

Axial piston pump
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Pneumatic Systems -1

o Pneumatic power supply

Air receiver
Protect against the pressure
rising above a safe level
Compressor Pressure- i
Motor relief valve Cooler
— —_— —
Filter and
T water trap
Silencer Smooth out any short-term fluctuations
Reduce the noise level in the output oil pressure
Filter

It
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Pneumatic Systems -2

Compressed

o Air compressor

+ Reciprocating compressor

o Single stage: few bars

The compressor goes directly from
atmosphere pressure to the required

pressure in a single operation
o Two stages: 10-15 bars
o S'ngle aCtIng Di‘erChage Connecting rod

One pulse of air is produced per

piston stroke Discharge
valve

o Double acting

Produces pulse of air on both the up

Suction vake Crankshaft

and down strokes of the piston Suction
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! Pneumatic Systems -3

o Air compressor

Compressed air

+ Rotary vane compressor ( 853 )

|t
/

Rotor

» Single stage up to 800kPa, 0.3 — 30 m3/min

[

Trapped air

Inlet port

Reciprocating Rotary

— A’\

-
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! Pneumatic Systems -4

o Air compressor

Intermeshing screws

+ Rotary screw compressor C
o Single stage up to 1000kPa, 1.4 —  Drives
60 m3/min G
| [
Y 1
Discharge port Intake port

! !l'e__‘ﬂ_\: —ﬁ
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! Valves

o Forms

+ Finite position

o Just to allow or block fluid flow and so can be used to switch actuators
on or off

o Used to switch actuators on or off
+ Infinite position
o Able to control flow anywhere between fully on and fully off

o Used to control varying actuator forces or the rate of the fluid flow for a
process control situation
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! Directional Control Valves -1

o Function
+ To direct the flow of fluid through a system

+ Completely open or closed

o Spool valve

Spool

[ ]

Port3 Port2  Port ] Port3 Port2 Portl
Vent to Air Vent to Air
atmosphere supply atmosphere supply
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* Directional Control Valves -2

|
o Poppet valve

+ Normally closed
+ Fasterresponse
¢ Less flow

Button not pressed

+ No need for lubrication

Button pressed

e
1

Pressure
supply port

(3]

|l
1

Pressure
supply port

™ valve Symbols -1
!

a Square = number of positions ( I )

ry T
-
| |
Flow path Flow shut-off Initial connections

o Lines outside the square = number of connections ( [ )

1 \ 30241 ‘ >< A2
TT \i
i LW
Ji, I
T\“ /T 5 1247 "TTX 413111
vV Vv £
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™  valve Symbols -2
!

o Letters

+ A, B: working lines
oo (|l
o P:air supply AT L/l Y

e R, S, T: exhaust

e X, Y, Z: control
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‘ Valve Symbols -3
|

o Actuation symbols

B = A o5

Push-button By plunger By lever By roller
5 o 6 D> VW VA
\‘?/./
= 3 v '
—
By pedal By application of By spring By solenoid

Solenoid valve

pneumatic pressure
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Valve Symbols -4

o Examples

o Ex1

o Two-port, two-position poppet valve

o Actuated by a push-button and a spring
e Ex2

Spool

F

Z all=
- SN
3/2 valve l } f T ) X
1P 3(R) Soft  Solenoid Exhaust  Output Pressure
iron core port 3(R)  port 2(A) supply 1(P)

Normally open

\ \ 1
.

Return spring keeps
mw spool in this position

g

1
Solenoid activated
and spool moves |
_ niosd =2

Exhaust  QOutput

port
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port

Pressure
supply

Valve Symbols -5

+ Ex: Alift system

Pressure supply

Up |

1

VWA

Vent

>

Down T
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‘ Valve Symbols -6
|

o Directional valve

—»W
Flow possible \ No flow possible

~st——— No flow

in this direction in this direction > Flow
Symbol
4A)  2AB)
I |
o Pilot-operated valve
D> W
+ One valve is used to control a |
4 val | ]
secona vaive | 1(P)
L L
[/ WA
T
Pilot valve | |
1(P)

‘ Pressure Control Valves
|

o Types

Pressure-setting spring

+ Pressure-regulating valves {

+ Pressure-limiting valves

System pressure

\I‘cnt \'cn: | _D
| | | >
IR
+ Pressure sequence valves Symbol
o Used to sense the pressure of an (Emdcrz
S !
external line and give a signal
g g Q hd J Cylinder 1 ;
when it reaches some preset "l > D D
value e £ l
g Vent
S =




! Cylinders -1

o An example of a linear actuator

o Single acting
+ The control pressure is applied to just one side of the piston, a
spring often being used to provide the opposition to the movement

of the piston

Rear end cap . .
/ Piston Spring

/
/
h

Piston rod
bearing

vvvvvvv

Piston rod

.

Piston seal Cylinder barrel Symbol
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Front end cap |

! Cylinders -2

a Ex: Single acting (E2&))

e OYfmm Y A
Symbol for %7 g];cm
exhaust
I VW \ WA
il i TiT
© v © v
No current through solenoid A current through solenoid
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! Cylinders -3

a Double acting (&)

+ The control pressures are applied each side of the piston

Piston

/f Piston rod l
/ bearing |

I
Piston rod I
L
\ ) l l
Piston seal Cylinder barrel Svmbol
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! Cylinders -4

o Ex: Double acting

| |
| |

- — ;
T viv T T L A 4 T
28 2N
Not activated Activated
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‘ Cylinders -5
|

o Sequencing

Cylinder A Limit switches Cylinder B Limit switches

N o
L

Valve 6 switched

:

Valve 3 switched
by pressure by pressure
6 signals

y 3
F-<J-—- —D\ < -
|
L b 4 T : T viy
[
[
|

oM.

—x
b- & 2 A 0 ar [A 3 A 7
b+
T TT TIT am T
i Valves 2, 4, 5 and 7 are switched
' by movement of a rod limit switch
Valve 1 is switched by and spring returned
VAVA operating the push-button
and spring returned
T

é) ¥ Start - (b-) - valve 3 ON (A) - a+ — valve 5 ON - valve 6 ON
(B) - b+ — valve 3 OFF - a- — valve 6 OFF — b-

signals

<+
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‘ Servo and Position Control Valves -1

|

o Are infinite position valve

o Servo valves

+ A torque motor to move the spool within a
valve

— Solenoid
——] coils

0

Diyr sl « - el
- Pivoted armature

m Torque motor
Exhaust l Pressure l Exhaust

Output A Output B
28 8




! Servo and Position Control Valves -2

o Position control valves

+ Valve spool displacement proportional to the current supplied to a

solenoid

+ Less expensive than the servo valve

Contrel Oil Control Ol

[ ]
B % 2 S T B — MES126 #yh B¢ Li

! Rotary Actuators

Exhaust

Clockwise Anti-clockwise Clockwise Anti-clockwise

port port port port

Semi-rotary actuator Vane motor
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* Applications -1
|

o BigDog — using hydraulic system

~ I%BoStoriBifiamics
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* Applications -2
|

o BigDog Beta




! End

o Questions?
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