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Lecture themes

How to control actuators’
- direction of movement
- velocity

- force/torque

How about the control forces or power?

Are valves just pure sources of joy?
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Valves

Control of the hydraulic power (= g, p)

Control of pressure:

- output forces and torques of actuators
Control of flow magnitude:

- velocities of actuators

Control of flow direction:

- direction of movement of actuators

Pressure valves
Flow valves
Directional control valves
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Construction

Slide types

- seat - poppet ‘ Centralizing
Popp s Poppet o grooves

- spool | ‘

Spool valley

Oy
|
%
qV —
——— [ ( Valve body
Seat — land

. Spool land
——
/ . w%é Control edge

| Valve body
valley

Leakage?
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Construction types - Signal
- normally open
- normally closed T 0

drain channel because of
internal leakage (spool

AiV valve)
to tank to tank
PUSH TO CLOSE PUSH TO OPEN
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Nominal sizes

NS = Nominal Size / NG (Nenngrobe)

Indicates the approximate inner diameter
of a flow channel with circular cross-
section (i.e. pipe or hose) to be connected
to the valve in units [mm]

Most common sizes 6, 10, 16, 25 ja 32

A
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Directional control valves

Control the direction of flow

Shut-off valves

- either allow or restrain flow

Check valves

- allow flow to one direction and
restrain to opposite direction

Actual directional control valves

- versatile control of flows
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poppet valve gate valve
mushroom valve sluice valve

Shut-off valves
- allow or restrain flow

' D
) | "=
RNenll ' ~—"]
pd il
butterfly valve ball valve %) RE=) i —
'-A\Inseoedle valve o RS > =
5 R\ . ;
- diaphragm/membrane valv?// ‘ - |
=4 ] @ &
j% B L T |
R L I =
- | N |
ball valve \ for maintenance
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ball disk, wafer

Check valves
- allow flow to one direction and
AW 7 - restrain to opposite direction
Grnani
cone cartridge

@%
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Control piston Poppet
[~
ra® =
T |
| M 7 MR
X B
p'! A G

Control piston  Pilot poppet  Main poppet

Pilot-operated check valves

- allow flow to one direction and restrain to op-
posite direction, but the flow can also be al-
lowed to the normally restrained direction when
the port X is pressurized

Pilot operated model (case: pg > pa), Opening of B = A

- Ppoppet = P& ("too high" for opening)
- pilot poppet opens by using moderate pressure py

- flow B = A through throttle

SOV 0
] Q Ppoppet - Ppoppet dECTEASES => PA X
A_'_@_B B ji — 774.47'77 / . A\ \
] Zmi = - hydraulic force (pg), %'\ \ \
| e | S (ring area) finally -
| | | |
X Y A B\ 1roe wins hydraulic force in poppet-spring volume = main
p! MY poppet opens letting flow from B = A
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Pilot-operated check valves

Pg 4@7 L oad torque can't turn motor freely
— @\ (only through leakage in motor)
W 5 P’—ﬁ N ¢J Motor is operated only intentionally
O L 7‘5 - — by using directional control valve
Problem @/ = =
Cylinder load [G] | AT i ]

Leakage in directional control valve (spool)
Uncontrollable sinking of load

- —

Solution

Pilot operated check valve (no leak) opens ’(?) <¥
only intentionally if pressure at pg ishigh @“ _ T‘
enough

Running away of load is prevented
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Shuttle valve

Flow direction (either
A B A—C orB—C)is
determined by the
highest inlet pressure

Which inlet connection has the highest
pressure?
AorB
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Coding the directional control valves

A A A B
1 T
ol AN, X5 |
P PT PT 4-way, 3-position
2/2 3/2 4/3
B i
»A SRS T wa ARl nw
—— ——— g : 'f_t::::::Ql;\|Yf::::::;f,'
S X P T 'Y

Code: Number of connections / Number of switching positions

A
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Solenoid(s) operated (2)
Spring-centered

A B

Slide types

SOLENOID 1
SPOOL

] SOLENOID + SPRING

‘ '—bﬁ@v § POPPET

T AP - ball
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Directional control valve

F;

Spool valve

|
Ly
T A B!
Supply Ly ) i 1
P, — Q.. PL = PI -— Pg X S U
L P TI /
Return a The model for proportional control
Pp=0 —=—0@ epe .
: ¢ Position of spool defines valve can be constructed based on
flow areas of orifices. an assumption : the valve consists
of four (4) orificices (control edges).
A B PA- PB - AT- BT
Y% Y% & o Proportional control valves are continuously
7\ 7\ 7\ 7\ adjustable valves. Proportional magnets
(solenoids) are used in them as electric
T CDP T actuators.

https://www.hydraulicspneumatics.com/technologies/other-technologies/article/21884329/book-2-chapter-14-proportional-control-valves
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@ o O
a) push-button
b) lever b é o
C) spring
d) roller @
e) electric ("solenoid") B
f) pressure (increase
)p ( ) .- 6 @
g) pressure (decrease) |

h) combined electric and manual (push-button)

Monostable A [hw 205 [T

e AR T«

Bistable F
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Examples of different connection variants
4/3 valve

@ ﬁéﬂ] X
Closed center position m‘ﬁ‘mo m‘ﬁ‘mo %N\\
Open center position I ]

L |
r— r—
- Effect of external forces —lg —lg
- Possible movement
- Energy consumption " @é @”5 é

- Effect of valve leakages
(@ E_ () )
valdlsiillsw %ﬁﬂ% %ﬁ%

= 2

1

- Floating

|

I’E I‘E
J 8 ] 8
Aalto University
School of Engineering 30.1.2017
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Switching characteristics
Switching time

A 4 ‘% Positive overlap SpOOI Iap
T e [ = e S O A B Spool shape
e | ‘ ‘ ‘

TA P B ‘Pressure pre-opening Tank pre-opening
ALzl ALzl

X S m% Negative overlap / \\ | / \\

& Ly [XHM ARNE v
TAP B 7 ?

A % Zero overlap g, ,,,,,, } | I ]

Lo s \

LT | ‘ ‘ ‘ ‘
TA P B ‘ ‘
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Directly operated / Pilot operated

Directly operated = single stage

Pilot operated = multi stage (generally 2 or 3)
. Normal Maximum
Control force Nosrir::al flow range flow Control type St:t;(;t: re
) [I/min] [1/min]
de_mand INCreases NS 6 0-20 25 directly operated poppet
with flow NS 10 10-30 36 directly operated poppet
Pilot Operated — NS 6 0-30 60 directly operated spool
. NS 10 20-60 100 directly operated spool
hydraulic T P

. - . NS 10 20-80 160 pilot operated spool
amp“flcatlon of NS 16 50-200 400 pilot operated spool
control force NS 25 100-500 700 pilot operated spool
NS 32 250-800 1100 pilot operated spool
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Pilot operated, spring centered

Pilot valve Pilot spool

aTere et
GRIEETLLEIS ;.s«

Main valve

Main spool

Complete symbol

A, B
Ty = Lt
: i .
I . Tl ¥r !
S [ BNy
aH P i

|
Y J
T
Simplified symbol
L1
1 L " T
F:::::ﬁ:‘::::jﬁ
'X T Y
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Pilot operated, pressure centered

Pilot valve Pilot spool

Amplification = e
of centralizing | g
signal b 2 o a D

Main valve

High flow
forces

More force
required

......

Piston/ /Bushing L XT

e

A P B Y Main spool

Complete symbol

Left end and right end spool areas are different, also bushing area on the left, limited bushing movement!

A Aalto University
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Switching time of pilot operated

directional control valve

A B

‘{ 77777777 jj—-ﬂ 7777777 \
i r>>< Tl 14
| N A
| £-- -3 |
R 4
& - @
AS B, |
| I |
| ARy

p X'y T

Slowing (restraining)
spool main movements
by using throttlesin
control channels

Aalto University
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WMW%W . Operating range of
o 8 TR directional control valve
. // //j/A K*FF; High flow forces may restrict the con-
] //// trollable power of thevalve (1 - 2 - 3).
! VA
. 4 a
] a1 [bar] s . \\ \\ @3
: N N
q, [V/min] o] ciln \\
BN
Flow rate .
Pressure loss i O O O O R R A
Control force TR mom “°qvmfl /r;?n]
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Pressure valves

Govern/control the pressure
Govern the system on the grounds of pressure signal

Governing/controlling the pressure

- restraining the system main pressure

- restraining the pressure of a subsystem
Governing the system on the grounds of pressure
- sequencing the operation of system

- unloading the pump

- governing external load

Aalto University
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Pressure forces

Spring forces qv

——l— |

Slide types
- poppet/seat
- spool

Construction

12

Too small inlet pressure will
move the spool downwards
which restricts the flow more
and increases pressure

Too high pressure ... vice versa
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Construction types - Signal
- normally closed
- normally open

A
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Direct operated / Pilot operated

Direct operated = single stage
Pilot operated

Control force
demand increases
with flow

Pilot operated =
hydraulic
amplification of
control force

= multi stage (generally 2, possibly 3)

DA

1

-

- Pilot valve (A) opens and pilot
flow starts

- Pressure above main valve (B)
decreases because of pressure
losses in throttle (C)

- Main valve (B) opens and
flow starts through it also

Aalto University
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Internal
control channel

External
control channel

Controls and depressurization
of control spring volume

External If tank line
leakage channel pressureis
too high

Internal
leakage channel

A
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Protects the
hydraulic
system and
the
structures
attached to it
from
overloading

Pressure relief valve

Restrains the system main max pressure level

O

l

I
é} T II

——————

P 1 system's
- maximum pressure

4
B ow &6t

Aalto University
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2/2 valve OFF

lifting of mass (cylinder)

mass lifted (end position)

motor starts to rotate

throttle adjusted (more pressure 10ss)
pressure relief valve opens

29



REEN Setting pressure p, P
\= Opening pressure p Characteristic of
P == T Ing pressure p, ; —+ an ideal pressure
[‘\§§§ 0 : . — A DRy D .| | relief valve
@
@\g% = = |
T b= T Ll Closing pressure p, ] Hysteresis
N “E_%% N : because of
Poppet g Seat friction
5 Damping piston Opening pressure adjustment by spring pretension G
o) : o)
ar] | H ar :
45 * A
P 4} 20 -3 = — 250 .
35 . [
0 — | - ! 200 1
Direct operated nl =7 1
. 5 l=—7 100 [ )
pressure relief o —— ] | Saturation
s 7 limit
VaIVe 0 ] ,', v v v v v v v v 0 T ‘-’l’, T T T
0 20 40 60 80 0 20 40 60 80 100
a, [I/min] q, [1/min]
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Drop pressure here to open the main valve
Use pilot flow and throttle for pressure loss

Complete symbol
Pilot valve =

1
i
e W T el T

TR L

Main valve L1 |

Simplified symbol
r—

P y—] T

Pilot operated pressure relief valve for
better static properties.
High flow capacity direct operated PRV
requires a large spring.

Flow through
pilot valve - pilot and main valve

[bar] ] [

250

200

150

100 L —o

50

Aalto University
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Realizing several pressure levels with one main valve and several pilot valves

Aalto University
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Pressure reducing valve

Restrains the max pressure level of subsystem, i.e., reduces the
pressure of a subsystem to a lower level compared with the
main system pressure

® enables different pressure levels at different subsystems

2-way valve
3-way valve
- contains pressure relief function

Aalto University
School of Engineering
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To main
system

I

|

2-way valve

—

To | Wiho

S

? g’
“

System's

maximum pressure

AR
7 Pressure in
] main system
—
1 \ /N
] ——t N\

4 Setting pressure

4 | of pressure

T——

= | reducing valve

—

/

e

TS

1

Aalto University
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3-way valve

To main _
system N
‘ =N : P [ ——
' h System's
% i maximum pressure
I """ 5 _‘_x__.__l ANEEEN
RE— ! i Pressure in
o i 1 J main system
i — A i / \ V /-\\_//
= | 1 .
oA | ot presure /[: |
é’ i 7| reducing valve / | |
@= : . |1 |
i ! ! T T T ;\ T T T
" ] 1 2) (3 @ t

A

Aalto University
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1B

)
-

N

o
T

Direct controlled
pressure reducing
valves

A

Aalto University
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3-way

p \\\
bar] - —] —
[bar] — 10
160 — ——
] .
120 - 150
80 : —
] .75
40
x - 25
-4' '-2' 'O' '2 4' '6' '8 10 .
B~-T A-B G, [/min]
Pressure relief Pressure reducing
function function

Setting pressure

Direct controlled
pressure reducing
valve

A

Aalto University
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Pilot valve

p
_ ., [ > [bar] 4
; ‘ a ) :
Too hlgh Pa / B =7 A 150
Pilot valve opens : Main valve - 1003 -
Mainvalve UP — | gz
Main valve throttling - Y : LT
Pa decreases X 2-way . T 2 %
. q, [/min]
ain valve Control edge AB
Ay Ml AY - Pressure reducing
- , - ) Control edge BT
Pilot controlled e P I i Pressurerelief
pressure reducing T U : L= T
valves \ A - 1y
3-way

Aalto University
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|:spri ng— pAAA' pBAB -> |:spri ng— (pA'pB)A

Pa-Ps

— Constant pressure
|| AFq B difference between
‘ connections

>

N x*
‘ Y LY 5
AN | NE o E
Constant pressure ratio —— 0| R [T
- A ‘ -
between connections ® | — e
N B

PaAa=peAs  (inforce balance)

A
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Sequence valve

Governs the operation of system
on grounds of the pressure signal

Internally controlled valve
Externally controlled valve

Aalto University
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1 valve position change -> flow to 1.1

2 end position for cylinder 1

3 sequence valve 2.2 opens
Internally controlled valve 3 Jigonin oylinder 2 moves

3.2 end position for piston

3.3 pressure relief valve pressure

I f—L—i—fﬁ
%\f _] :tj p S&sterﬁ's — | Plus motion
l\
P

= | i 1| maximum pressure
o Py o

A = S S O S N
—

| a5

_|\ -
:J :J 7 Setting pressure
é ! ! ] of valve 2.2
\/\/I | |
— | RN
= : : ]
O | _ |
| | |
| : | I
| |
| |
| |
|
|
|

Aalto University
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Externally controlled valve

+ movement —L““I\‘“WI ,r““f\““l—
1 control valve(s) position change ' L—fi\—‘ '
1.1 moves (1.2 is stationary) W ————— 4L M
2.2 opens as 1.1 piston at end | @ @ _
1.2 piston starts to move (to right) | |
- movement R [ -]
1 control valve(s) position change | |
1.2 moves (1.1 is stationary) | A
2.1 opens as 1.2 piston at end L
1.1 piston starts to move (to left) 4 = @r“: v
T
[

S |

System 2's
|| maximum pressure

| Plus motion

System 1's
maximum
pressure

Opening pressur
of valve 2.2

L

Aalto University
School of Engineering
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Control edge

Pressure A force against spring force

Check valve /

pressure sensing | |

Direct operated
sequence valve

- pilot valve (spool) is opened

- flow through main valve throttle

- pressure decreases above main valve
Pilotvalve - main valve opens

Pilot operated
sequence valve

Main valve

Aalto University
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Rapid motion by using two (2)
pumps .

Pump 2.1 flow is connected to Unloading valve
tank as cylinder starts to com-

press the workpiece (m) N

High (compression) pressure

L ]
p System's

and power is needed only for | maximum pressure
pump 1.1 ] N
Governs the direction of 1 orpmpar |/

pressure signal, i.e. “eases” th

Pressure at outlet
of pump 2.1

pump flow on grounds of @ O
e oo

operating power of the system =

(M

R

Aalto University
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Direct operated
unloading valve

/ X
A 1, B A 5 Control piston opens pilot valve
§ Flow starts from A through main valve throttle
| ‘ 7 Pressure drops in spring volume
! ‘ = Main valve opens
o ‘ A ‘ 5 v Control piston Pilot valve

Pilot operated
unloading valve

Aalto University
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Pilot operated
relief valve -
Unloading valve

Relief operation with electric control
(solenoid operated valve)

I/r</|/
i) =1 =[N :

% L H  Pressurerelief valve operation (CLOSED)
S Unloading valve operation (OPEN)

! NN A B

Aalto University
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Pilot operated
pressure
accumulator
charging valve

Accumulator pressure reaches setpoint
Accumulator pressure on Control piston (loose)
Control piston opens Pilot valve -> pilot flow
Pressure loss in main valve throttle

Main valve moves and opens flow path PT

Pump pressure may decrease

Control piston Pilot valve

\

Check valve

Accumulator connection

A Aalto University
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Pilot operated
pressure
accumulator
charging valve

1]
p — | Plus motion

System's

maximum pressure

R Y O Iy N P I ) N P

/

Pressure in /
|| cylinder

Setting pressure |—
of charging valve | |

7] / Pressure at

i / pump outlet

Aalto University
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Counterbalance valve

Induces a hydraulic counter load to negative external
load thus enabling the governing of the load

Internally controlled valve
Externally controlled valve
Internally and externally controlled valve

A

Aalto University
School of Engineering

49



Internally controlled valve

ol
|
 —

L~

walllis

><
5

NN

-~
|
L

S

? g’
”

Avoid uncontrollable sinking of mass/tool with counterbal-
ance valve (no flow)
Let free lifting through check valve

L oad must be actively forced down by using directional
control valve
However, increasing load force might bring load down

A

Aalto University
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Externally controlled valve

Load down only if + chamber is
pressurized

L Rod side chamber (- chamber)
|/\«| pressure does not need to be
= highly pressurized

———— e —— — 4

B - m If load startsto fall too fast +
WAIER it >< ] ) chamber pressure drops and shuts
r—1
! stops
o

h
H .
S O counterbalance valve -> falling
:
|
:

=
@
l

Aalto University
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Internally and externally controlled valve

|

|

|

X H M
it A

LT Counterbalance valve can be operated with both internal (A) and
7] ~=_

external (X) pressure signals
-7 By changing the directiona control valve position (H -> 11) the
@ % . motor inlet line is pressurized which opens the counterbalance

valve with external pressure signal (X), uncontrollable rotation of
motor is avoided when control pressure X drops and starts to close
the counterbalance valve

ﬂ ” The motor rotation can be decelerated and stopped by switching the

valve to another position (H), the internal control signal (A) keeps
the valve open and valve creates flow resistance and acts as a brake

Aalto University
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Spool can be operated and valve
opened with both internal (A) and ex-
ternal (X) pressure signals

Control piston

Direct operated
counterbalance valve

Y*B* +A*X -

Control edge AB

Aalto University
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Flow valves

Govern/control the flow rate

Governing/controlling the flow rate
- affecting the speeds of actuators
- affecting the internal functions of components

Aalto University
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Operating principle

Throttle

Aalto University
School of Engineering

55



Operational precondition

Qv A Qv _
[/min] 12 ] 7
10 g
s /.2 / ~_
8 | \ \/
6 <
4 : N
5 - qv,3/ \ L
T T T T T T T T T 1 V,l " . ~ ,
012345678 9 10 ~ N\
t[s]

Governing or controlling flow rate with a throttle
requires existence of an alternative flow path

Aalto University
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Laminar
Ly G
Oy |7d
N T Y
707 | 00
4
Gy = 1§£x[/)7Hx| (py - p2)
Viscosity

Throttle types

Turbulent
y
fd
B & &l V Y]
o I B
7
— I —

«D2 |2
qV:qup Hx\/rx(pl-pz)

density (no viscosity)

A

Aalto University
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Throttle shapes Depending on the geometry the
flow areasincrease differently

R
N| ! \
E: o
] ) '
NEEN \ N
A 1,0
A
Ao .. ST
06 //
4qV o4 // 4qV
_ N Y A NN N
X 02 i 1 0 j
T U i’ I
: / 2
0 N
0 02 04 06 08 10
X /
Xmax _lmax

Aalto University
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Governing/Controlling speed of actuator

© :tj

By

)

r
L

o
o
[

Alternative
sites of a
throttle

Eg., named after
movement to positive
direction

a, d = input channel

b, e = output channel
c, f = parallel channel
of cylinder

A

Aalto University
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Governing/Controlling the speeds of actuator independently to each direction

Positive direction Negative direction

L ~ /7

e S e
A BEp Kgp . QELK@
—
n | walllisik{sw
OH—F OA—F
\7\ gy \7\ gr
l @w(?) n n@né )

Aalto University
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[ —

Py L

— |

:’_—I

e

O\J
@0

Throttle valves

F

At first velocity is limited by

maximum pump flow rate ->

all flow to cylinder

After increasing force load

pump pressure increases ->

flow is limited by maximum

pressure, certain amount of

N/
/
: Py
pl- p2 p \N—/
V4 2
//__\\

low directly to tank

t

Loading of the actuator affects the actuator speed

A

Aalto University
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Long flow path - also 4 7
viscosity has an effect on ,/'/
flow rate ? =
’ 0 -T;OI I4()I I60I I8()I I100I -
¢ [/min]
12 3 . Throttle sctting
v 1] 1] ‘
[bar] [ 1/ /
/ /
Short flow path - viscosity 30 II / / //
has minor effect on flow : / / /7 .
rate 20_: / // / /,/ /| /g @
W) LA . 4

gy [V/min]

Aalto University
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One-way restrictor valve

4 ! S v
/ —
"
2 > =
// //
_._..-—://
0 T T T T T T T T T T T —
0 20 40 60 80 100

Ty [/min]
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Flow control valves

2-way valve
3-way valve
- Incorporates pressure relief function

Aalto University
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2-way valve Flow through orifice the same -
pressure loss over orifice the same

p3 \Y F_

' S R N
P, | P, ;/ ~ I p
N
O A

t
Loading of the actuator does not affect the actuator speed

A

Aalto University
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Too much flow l

Pressure compensator

2-way valve

Control throttle

|

O = |

A

H — IIlI-

Complete

symbol

Simplified
symbol

A

/
7

7‘\
/

B

A

Aalto University
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Control throttle

/

2-way valve

With integrated
check valve

Check valve Complete symbol

=
Al \Z | B
S

s

Aalto University
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Boundary conditions of control function

\
\

TN Y YL

D pmin D pmax D p

Aalto University
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3-way valve

F
2) —'/ \__//
//—
P PP
b) 7 p]_ /—j/ \\_ //
a bNJ
Gy |
V
C) 1

t

Loading of the actuator does not affect the actuator speed

A

Aalto University
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3-way valve

Control throttle Pressure compensator
/ Complete
symbol
A B
0 — A |
A = ' Excessflow directly to
_ Hy W i tank, not through pressure
Correct pressure difference be- T relief valve (at high
tween p; and pz means correct N& i pressure)
flow rate. ' | | o
Too much flow (to B) means ﬂ ﬂ I ]le Snmglnl‘ned
that ps is "too low" -> more 0 \ >y O/
flow to tank -> lessflow to B - A w\é B
v T S LT

Aalto University
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Too much flow AB, "too high
pressure" at A, pressure
compensator opens (more)

3-way valve

| B
%

e —

T
L]

<
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Pressure compensator
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käyttäjä
Leima

käyttäjä
Nuoli

käyttäjä
Nuoli


Pressure compensator

3-way valve

Pilot operated

A + Controlled flow
Pilot valve

Throttle

Control throttle

B * Excess flow
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Flow divider valves

Single-acting

- flow to only one direction

Single-acting

- controlled flow to one direction,
free flow to the opposite direction

Double-acting

- controlled flow to both directions

—+O

JIC |

A
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Single-acting flow divider valve

Pressure compensator Complete
4 A ‘ B symbol
Py Ps A B
1 ] s 5 ..
. ‘ l 5
Simplified
symbol
A B
) It i )t
Control throttlesVA P P
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Actuator speeds ~ equal
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Effect of flow rate to the control accuracy
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Lecture themes - Recap

Actuators

- control of direction of movement?
- control of speed?
- control of force or torque?

Can valves be used for other control purposes?

How to produce the force needed to control valve slides?
Any disadvantages in flow valves?
Valve slide types?
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