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8. Hydraulic Valves

Directional control valves >
B 2-way, 3-way, & 4-way directional control valves

B Manual, mechanical, fluid pilot, & electric solenoid actuating
methods

Pressure control valves >

B Pressure relief valve, pressure-reducing valve, sequence valve,
unloading valve

B Power loss in pressure relief & unloading valves

Flow control valves [
B Analysis of flow control valve
B Non-compensated & compensated flow control valve

Mechanical-hydraulic & electrohydraulic servo valves
B>

Cartridge valves »
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8.1 Welding Machine Application

PRESSURE
SWITCH

4-WAY VALVE
GAUGE

PUMP

#
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Hydraulic Valves

2] &l
B M S 3 (fluid power source)l S5 &8, R, YHES
RIS A5tH JIHAHQl & (mechanical motion)E ALE0t=
X
o

I. I T (TAME) PASSAGE
(0

"B PASEAGE

P [PRESSURE) PASSAGE

AN PASEAGE

'AY GAUGE PORT BT et
'B* GAUGE PORT

#
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Types of Valves: shearing elements

C f,,..-—icmd

TT77 7SS

(a) Spool (b) Sliding Plate

/M @6“%?&
N

d

(c)Rotary Spool (d) Rotary Plate (e) Rotary Plug
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Types of Valves: seating elements
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Classification of Valves: Directional Control

ISR & E (Directional control valve)
E SIZ UHUHAN HESAMSH Ot X B2 2H

LAMD ON GROOVE BETWEEN

VALVE APOOL LAMDSE COMPLETES

BLOCKRS PASSAGE p / FLOW FASSAGE BETWEEM  a 3
Lol

T FORTS

N

e
r P T p [
PRESSURE TC "B PRESSURE TO "A™
A0 BLOCEED A B B BLOCEED
1 1 SLIDING SPOOL TO
LEFT CHAMGES FLOW
GRAPHICAL SYMBOL —lr_ T PATH
3
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Classification of Valves: Flow Control

P RN 2E (Flow control valve)

B piston motore £& X &
B R=Z ot Lot S A

(non-return valve2t X&)

flow

Regulated—-- 1 -
Hlow
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Classification of Valves: Pressure Control

P 2AEMO EE (Pressure control valve)
B UEE LA =90 Qo &= 22
r__*
|
cystem [0 |
(-

Fluid Power -S&f3=t



Classification of Valves:

=S4 (Manual)

P AHEA HEYSA &S
H_|E I:JI-/\I

—_ O M

J| Hl A (Mechanical)

B Y= 24, == 24,
AIle| giAl
—_—— OO O ™I

I = (Pilot) &4l

B XY S

-10-

M8 ==

Operating Methods

£dl =0l =(Solenoid)

gt Al
S M

B &3

—

= 3YUs

09_

0

N2 (Servo) &4

B electric servo-motors,
magneto-strictive devices,
piezoelectric crystals,
proportional solenoid, ac
torgue motors, moving coll
devices
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8.2 Directional Control Valve: Check Valve

SEAT

BALL (R POPPLET)

GAAPHICAL SYMBOLS |

COmPOSITE

——f—{ —
FREE FLOW ALLOWED ———

AS BALL UMSEATS

-

SIMPLE {BALL AMD SEAT)

4

FLOW BLOCKED A5
WALVE SEATS [r— g
FREE FLEMW MO FLOAWY

e e ) DIRECTIONAL WALWVE
M PILET PRESSURE M PILOT PRESSURE FILOT PRESSURE REVERSES FILOIT abdD

CRAIN FORTS <]
i —

BRESSURE :' LCT
RESSURE

FILOT PRESSUERE
CLOSES WALVE

FREE FLOW MO FLOW REWERSE FREE FLOMWY

PO FLOW

HELD CIFER ‘
e
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Check Valve
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Operation of Check Valve

POPPET SPRING
RN
%MO VN <—
——=1 § 1)
“—
; MO FLOW
BODY
FREE-FLOW  NO-FLOW
IN | —> ouT DIRECTION DIRECTION
l-—r
FREE FLOW GRAPHIC SYMBOL
SCHEMATIC DRAWINGS
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Pilot Operated Check Valve

PILOT PRESSURE PORT

NUT

PISTON

DRAIN OR
PILOT PRESSURE
PORT TO CLOSE
POPPET

—Q— FREE FLOW INLET

SEAT

FREE-FLOW OUTLET
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Directional Control Valve

E Position | | |

| ! ||

One-positiocn  Two-position Three-position Infinite-position

{or infinite
position
single envelope)

F Way
E Port

i 1 T/

|

Two-way, two position, Two-way, infinite position, Three-way, two-position,
two-port, normally iwo-port, normally closed three-port
closed
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Three-Way Valve

— LAND ON VALVE SPOOL
BLOCKS PASSAGE

GROOVE BETWEEN

LANDS COMPLETES A A /\ /’\
FLOW PASSAGE
A / BETWEEN TWO PORTS

- VV VY
vl
O — S b —— —3
A
T P SLIDING THE T P
SPOOL TO THE
PTOA LEFT CHANGES P BLOCKED
T BLOCKED THE FLOW PATH ATOT
SPOOL POSITION 1 SPOOL POSITION 2 _]_ = I
=
SCHEMATIC DRAWINGS o~
FROM || TANK
. @]
f

PUMP
T T\
P T

GRAPHIC SYMBOL
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Four—-Way Valve

A

Y

X

P T

GRAPHIC SYMBOL

A B
D"l
P,
9
T P T
PTOB
ATOT A E
SPOOL POSITION 2 A X
Y
P | T
FROM T TANK
PUMP
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Types of Spool Valves: Way, Land

E RE2(Way)2 = -

1
Supply To aad
E 2= W5 = three-way &2 ~ _

four-way (supply, return, X 2
st Jf 0142 load line)

B two—-way valvee= |22 gui
A X (reversal)lls H2 £& . }m -

_ = |

E three-way valve= 2t&f Return

& &H(direction reversal) tor
26l IIAE HAHAXMEZ CIE2 A

=13
=]

B four—-way valve= loadZ& Jl=

lineO| & JH
P Land®9 == Typical hydraulic spool valves
E land == 2. 3. 4. 6 ;2] (a) two-land four-way spool valve

(b) three-land four-way spool valve
(c) four-land four-way spool valve
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Five Port Valve

Exhaust 2 Inlet

R
|

T’Zml
\ \

—_— 11

Exhaust

\ \
i |

R

Cylinder 2 Cylinder 1
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-
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Manually Actuated Valves

< Manually actuated, spring-centered,
three-position, four-way valve

T(TAME} PASSAGE

< Manually actuated, spring-offset,
two-position, four-way valve

"B PASEAGE

AN GADGE PORT
B GRALIGE PORT 7

SPRIMG HOLDE:
WaLlWE SHIFTEL

X

2 o
oH  H»

S H®
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Mechanically-Actuated Four-Way Valve

F Mechanically actuated spring offset, two-position, four-
way valve
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Lot |>< ‘ PILOT
FRESSURE FRAIN
B
— [}
SYSTEM ] J‘J
PiE
N ESSURE .
4. THROUGH THE
SRAIN FOIT OF
THE PILOT WaLWE 3. EAHAUST SIL FROM
THEOPPOSITEEND IS o e
RETURRNE rA EARE | [ LR 3
PLOT vaLye o D IED [ TARK , e
1. THE FILD
15 SHIFTED TO 1o CAUSING 1T
FILOT OIL B3 15 SHIFT
TO ONE END 0F THE
DIRECTICMAL YA LVE
SPOOL
S0 I THE REYERSE
FOSITRIM SF THE ) v ) o
FILOT WaLYE G THE IMRECTIONMAL WAL |
|5 SHIFTEDR TO THE S2PPOSITE |
FOSITHIM
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Air Pilot-Actuated Four-Way Valve
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E Air pilot-actuated three-position, spring-centered, four-

way valve

X

AIR INTRODUCED THROUGH
THIS PASSAGE PUSHES
AGAINST THE PISTON
WHICH SHIFTS THE

SPOOL TO THE RIGHT

CENTERING
WASHERS

wH H>»
- Hw

SPRINGS PUSH A GAINST
CENTERING WASHERS TO
CEMNTER THE SPOOL WHEN
NO AIR IS APPLIED

PISTONS SEAL THE
AIR CHAMBER FROM
THE HYDRAULIC CHAMBER
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Operation of Solenoid to Shift of Valve

1. WHEN COIL IS

2. ARMATURE IS

ENMERGIZED PULLED AGAINST
PUSH PIN
ABMATURE COIL
PUSH PIN

\”&/ L

. jf::' Ll i:::::}
T
SPOOL

3. PUSH PIN MOVES
SPOOL
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Solenoid-Actuated Valves

Hw

~¥

/N W

H

o H
~

< Solenoid-actuated, three-position,
spring-centered, four-way,
directional control valve

A B
X
P T
< Single solenoid-actuated, two-position,

spring-offset, four-way,
directional control valve
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Shuttle Valve

OUTLET
A
l _ SUL| SECONDARY i
N "] SUPPLY
PRIMARY ___—-} | / <+ NORMALLY — —f—< LEP——
SUPPLY "oy /| A | BLOCKED —
‘_\ IRy ey pisToN
SN
PISTON
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Types of Spool Valves: Center Type 1

E Center type

E open center (under

Bias 2]
lapped) B i
land2| = < valve - I:
. - e §
sleeve®| port size 0 i
P
B critical center (zero Lo . 0
B |
lapped) #7 e L .
land®] = = valve P PI'{ES.E.I..T:EANE:."'.'E'.' CLOSED- :Jf:".“?fj'iﬂ_{:f:u TANEK
sleevel| port size + pr— L
. (rar) .
LL] pvee H | _‘ %
B closed center (over Tl HEH MY oEeaaEEe
1 d) P CLOSED CEMNTER-ALL PORTS CLOSED
appe
land2| = > valve
sleeve @l port size
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Types of Spool Valves: Center Type 2

E Center type
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Open and Closed Center Valve Circuit

Cyl.#1 Cyl.=2

™ |
L
0O OO
O Oal

Open center, all ports connected QOpen tandem center

—4 ; } v
r==7
LE g 1 QOptional o
o P-R valve
Optional 1.
/ PR valve
“&J {cl (d} (e (f)

Open center, pump and one cylinder Closed center, all ports blocked
part to drain, other cylinder port

blodkiad Closed center, pump to one cylinder Closed center, pump to both
port, other cylinder port and reservoir  cylinder ports, reservoir port
port blocked blocked
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Center Typelll = Flow Gain

Load flow, @, Cpen center

Critical
center

Underilap region\

Closed
center

/7 X I Spool stroke, x,,
( Overlap region |

Flow gain doubles near null
because all four (rather than
two) orifices are active

Figure 5-2 Flow gain of different center types.
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Spool Valve?| Center Typelll IE S

E Open center valvee H &8t Rl 2% FAIE ?otH
SHe XZ&EQl =80 2725 HLE Constant flow
systemOll At

Y

F 229 Four-way valve= Linear flow gain§Sd2 &
?6t0 Critical center EEHiZ MX&

nlo

F Closed center valve= Flow gain0il Al Deadband §4
2 2. Deadband= Steady-state error 2t Backlash2
Holol 2 = US
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Pressure-Flow Curve

F Critical center four-way spool

14 <

valve -
12 S~
10
\\'\- ol Xom
-1 T~ at1.0
08 N ~Z i
06— : \os\‘\
0.4 - — . \_‘:\\\
o —1 | | S DN\
& 02 ' ] - 0.2 — SN
C; B 1 . —--‘--"""--..
S ~— [ i
---‘-':"‘*--L..___ -
-02 X\““\K I s s S —
=04 \\\h\ 1 — ’__:-9_1-
~_ —{ | -
=06 \\\‘\ 06-: | —
\ - h\ﬂ-....,_
-08 M
\ \w i
~10 : ~ ~ _
12 Qh |
=L T~ ]
1.4 | | \
210 —08 06 —o4 <0z 0 02 04 06 08 10

Py /P

s — ) B
Figure 5-4 Pressure-flow curves of critical center four-way spool valve. -
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Applications of Directional Control Valve

FLOW CORTROL

& Y
DRILL ALWVE

HEAD  CYLIMDER
\ A
S

Il.'l,

DIRECTIONAL
VALYE

FECHK PUMF

A RAPID ADVARNCE ARD RETURM

a llf

ﬂi?

DEPRESSIMG SPOOL GRADUALLY
CUTS QOFF FLOW

DECELERATION VALVE
TO TANK

i FEED
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8.3 Pressure Control Valves: Relief Valve

[ - ] 4, AND CAM BE
ADIUSTED

A

“1 3. SPRING TENSION B
: E--"IJETERMINE'E- SETTING ... | 8

e TMLET
(FROM PUMP,

1, SPRING HOLDS |
PISTOM SEATED “P

0 O 0O

5. WHEN VALVE SETTING
IS REACHED, PUMP FLOW

2. WHEN PRESSURE HERE IS DIRECTED TO TANK

I5 LESS THAN VALVE
SETTING, VALVE REMAINS
CLOSED,

#
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Pressure vs. Flow Curve for Simple Relief Valve

TO HYDRAULIC

SYSTEM
A PRESSURE

RELIEF

_ VALVE
PUMP =

i
—{(_ HYDRAULIC LINE | — A
4 i I . |__|
| |
FILTER <>
N PRESSURE
&
TANK || PRESSURE AT i
FULL PUMP FLOW /
CRACKING PRESSURE
| FLOW THROUGH
0 \ RELIEF VALVE

0 |

FULL PUMP FLOW
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Compound Pressure Relief Valve

PILST STAGE

4. WHEM THE WALWE

) SETTIMG 15 REACHED

BaLANCED £ - “

PISTON ¥ AN /, THE FOFFET “OFEMNE" 5 wERMT COMNMNECTION
/ 3. SPRIMG HOLDS LIMITIM G PRESSURE PERMITE UMLOADING
PISTOMN CLOSED I UPPER CHARABER. BUMP THROUGH
RELIEF wALVE.

I. IMLET FRESSURE

215 SEFSED ABDWE G, PISTON BMOVES UPTOD

SISTOM AMD AT FILO DIERT PLUSAP CUTPLUT 5. WHEM THIS
WA LWE THROUGH DIRECTLY T TAMEK. FRESSURE IS 20 pu
DRIFICE 1M PISTOM . HIGHER THAR 1]

LIFPER CHMNMABER Lo
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Pressure Reducing Valve

L
s : LEAKAGE FLOW
; | KEEPS VALVE
S SLIGHTLY OPEN
BLEED OIL SPRING HOLDS
PASSAGE VALVE OPEN

1]

iJ|j|]|]_.:|

o : AN % DRAIN
OUTLET INLE]T
TO REDUCED PRESSURE ERGM
SYSTEM MAIN
SYSTEM
(@) BELOW VALVE SETTING (D) AT VALVE SETTING

P Relief Valve2t XI0| &

JB®0
Jb I

M

U= AEHOICH
&= 0l sensing & Ch.

oretg WL A0 ALSEL

X T - O
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Unloading Valves

|
i
i
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Operation of Unloading Relief Valve

s Fluid Power S&ts=t




Unloading Valve in a Dual Pump System

| relief

system ¢— 4 i

2 () i J g
,/I \\\_,/ B k‘ Unlﬂﬂdlng
)

—

LLJ valve
S8 & =k [
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PILOT WALVE
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IMNLET ==
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Ao SYSTEM PRESSURE 15
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Counterbalance Valves
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_______
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8.4 Flow Control Valves

E Orifice flowmeter

FH( / ) P2
L
G ( l':] | ﬂ : -ﬂ -
- = '.r-'l h“j’ =
| By
| R B
0 g 11

SHARP SQUARE
EDGE EDGE

ORIFICE

Q=C,A %2R _0.0851C, A [ 22
Jo, SG
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Needle Valve
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Non-pressure—-compensated Flow Control Valve

i = VOLUME CONTROLLED
4. WHEMN FLOW IS THIS WAY

ADJUSTING SCREW

FREE FLOW IN
THIS DIRECTION
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Flow Control Valves

E Non-pressure-compensated E Pressure-compensated

- //5*/
=77 / /

I
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Pressure—-compensated Flow Control Valve

SPRING LOAD SETS
PRESSURE DIFFERENCE
ACROSS THROTTLE

TO LOAD THIS AREA EQUALS
} COMBINED AREAS OF
ANNULUS AND STEM

HYDROSTAT PISTON 15
BALANCED BETWEEN
INTERMEDIATE PRESSURE
BELOW AND LOAD PRESSURE
ABOVE

N~ ANNULUS

FROM PUMP
LAND BLOCKS
THROTTLE EXCESS FLOW AND
CONTROLS STEM FORCES IT OVER
FLOW RELIEF VALVE
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Application of Flow Control Valve

E} —
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8.9 Servo Valves

F Mechanical-type servo valves

CYLINDER

oo ',\_\|
A= S = l
OUTPUT —» o} : j J.‘
.'"v:l r-q\ R R o \J : _xl
L H — E SLIDING
= : AP, +— SLEEVE
FEEDBACK™ — L P
LINK [_IE-_ ( = ‘| e
=i | L ) = =] INPUT
—17 1 7 P i
/ N - T |
Y Y

TANK INLET TANK
OIL

aH
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Electrohydraulic Servo Valves

F Single-stage servo valves

E spool valvel] & HZE M spool valveE 0|SAlJ|= torque
motorE #+4

E torque motorJt S&0| HstEBE K& 22 (flow capacity) Ul
StH U] applicationOll et CHE ML S2HE S

E Two-stage servo valves

B hydraulic preamplifier(first stage) J}' torque motor force
output=2 && ol SE=EAIA, flow force, stiction forces, Jt=0]| L}
AS0 Qe 8= =33 &

- o= /™™

B first stageZ2 = Flapper, jet pipe, spool valvesJt AIEE
A

B second stages valves&= Y BHAE O £ spool typelO| AISE
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*Moog 760 Series
- MAGNET PPER
POLE PIECE
ARMATURE y i i FLAPPER
LOWER
NOZZLE POLE PIECE
SPOOL FEED%%E
N .
*Moog 30 Series
UPPER POLEFIECE
MOTCR GOl !
ARMATURE ;
. MAGHET
FLEXURE . MAGH INLET
SLEEVE FILTER I /DHIFACE
FLAPPER FEEDBACK SPRING
RALXTRN A X XX XA XR AR ARX XXX
778 WA VA A
(el | |
OUTLET 1 OUTLET 2 ‘
TO LOAD TO LOAD
RETURMN INLET
\ \ : TO TANK SUPPLY
\ sn N\ PRESSURE

BUEHING FILTER
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Operation of Servo Valve

. i Upper Polepiece
Coll | N an £a | N

et _—Flexure Tube

Armature B St
' -.-.‘i?:-;:%__ - 2 Lower Polepiece
| — |
o L
PP

Feedback Wire

Spool

Filter

Inlet Orifice

e Fluid Power &&=t




Hs&d see=

Operation of Servo Valve: Torque Motor

**Torque Motor

P T TR
= : 11 A
I TORGUE TO 1 rl | %] ] peanznT
N fim— WOTATE Ll e | . 1 MAGNET
; B _I} HEUATUAE e [ S | ATTRACTIVE
& | [ FORCE
| Torque Maotar| 1ol ! ey
N i 1)
S .
PEAMANENT _
MAGNET =[nl=
Me =l =

“*Hydraulic Amplifier

ARMATURE

—- FLAPFER

—

IHMLET FLEXUHE E

RIFICE SLEEVE _ . — MNOIILE

iy - =TS
A DRAIM 8

QRIFICE
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Operation of Servo Valve: Valve Spool

**Valve Spool

SPOOL AT MULL FEEDBACK SPRING SPO0OL

% BUSHING
R

WValve Spoal Schematic
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Operation of Servo Valve

VALYE RESPONDING -
i A VALYE CONDIMON ] . ,
10 CHANGE I - T | i FOLLOWING CHANGE ¥ A ¥

ELECTRICAL INPUT
[ NI

------

FLOW TO ACTUATOR
Ci Tl

Yalve Spool Schematic Wahre Spool Schematic

Electrical current in torque motor coils creates magnetic forces on ends of armature
Armature and flapper assembly rotates about flexure sleeve support

Flapper closes off one nozzle and diverts flow to that end of spool

Spool moves and opens Ps to one control port; opens other control port to R

Spool pushes ball end of feedback spring creating restoring torque on armature/flapper

As feedback torque becomes equal to torque from magnetic forces, armature/flapper moves back to
centered position

Spool stops at a position where feedback spring torque equals torque due to input current
Therefore spool position is proportional to input current
With constant pressures, flow to load is proportional to spool position
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Feedback Types of Servo Valves 1

Position feedback two-stage servo-valves
E O LUHA type, A2 X ZXLHO THet 3JHXI J1=2 S E

B Direct position feedback :

main spool0| 101 2 HIZ first stage valveE F==(hydraulic
followerct =&

S35 AIEE
B Force feedback

main spool position0| feedback spring0il 2|6t &! (force)2 &
H &t =

0| & 0| torque motor armaturel A &2 HMF0| 2o LM EF 2
o8 E 0|20

B Spring centered
pilot stageO| A2 & X0 2/6] S £ 2l spool=2 SEHAXZ 0l=s
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Feedback Types of Servo Valves 2

I Flow feedback two-stage servo-valves

B RE(flow)E S8olH AX= &2 ut& F, O

motor armatureOfl A &= K0 2lst &} 7S

2|0

< torque
=

ﬂl|0 o

B = application0l AIS

F Load pressure feedback two-stage servo-valve

B 25 o*aﬂ(load pressure difference) Xl 01
B U 2= E S0610, load pressureE first stageE BEHOZ M,

2YNOZ YAFRO| OB D 2HE 02 &

ﬁ_
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Feedback Types of Servo Valves 3

P Dynamic pressure feedback servovalve: load pressure
feedback servovalvel S+%

It~ 0|l N = position feedback E4 A&
I =0l N = pressure feedback EH A&
=3

—actuator combination2| damping

| 28

a Jt AI2IDI fAst

oS K

10 < M -IH

Q(D t’—‘l

P Pressure-Flow Servo-valves

B Flow2l Pressure feedbackl X&0| AHEE

B pressure—flow curvesJt J| &2 square-root curve2 Hl o0
Aol 849

B == application0l AIS
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“*Typical Characteristic Curves

Technical Data: Moog 760 Series

X8

with £40% and +100% input signal, measured at 3,000 pilot or operating pressure.
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Applications of Servo Valve
*Single Control Pressure “*Closed Loop Pressure Control
SERVOD
AMPLIFIER
e

POSITION FEEDBACHK
Single Contraol Pressuns — et — st s e R

FORCE FEEDBACK
Closed-Loop Contral

*+Closed Loop Position Control

*Differential Pressure Control

ERRUH EII]HAL-\‘- MUPLINTR S0 CURSENT
+

CORMAN D
GIGHAL =

Differantial Pressure Control
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8.6 Proportional Control Valves

%
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Four-way Proportional Directional Control Valve
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8.7 Cartridge Valves

F Threaded cartridge valves

#
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Cartridge Valves

Manifold block B Solenoid-operated directional
control cartridge valves
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Cartridge Pressure Relief Valves

POPPET

No Flow Condition

» System pressure is lower than relief
valve setting.

* Poppet is seated, held in position by
spring force.

* Flow is blocked at Inlet.

POPPET

Throttled Flow Condition

* System pressure has reached relief
valve setting.

* Pressure has moved Poppet away
from Seat, allowing flow to pass
through valve,

* Valve is throttling flow to maintain
relief pressure at Inlet.
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Hydraulic Fuse

DRAIN :
TO <—
TANK
HHYDRAULIC
FUSE
L] b
INLET T THIN METAL
PRESSURE DISK
(a) SCHEMATIC DRAWING (b) GRAPHIC SYMBOL IN
PARTIAL CIRCUIT

#
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Report

E Text Problems
B 8-45
B 8-49
B 8-58

P Duedate: 2=
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