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e flow control valves or

e flow regulating valves.
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Flow control valves

Contro

| valves

Restrictor type Orifice type
A—__—B A N B
_— //\

dependent on load

Qpartm =

variable

Regulating valves

Al~—/- |B
/7L—\

independent of load

Qparial = CONstant
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hydraulics DAY/

Exercise1 Hardening furnace doola
§)ial

cover of a hardening furnace is to be
raised by a single-acting cylinder. The
cylinder is activated by a 3/2-way

valve. A9 kg weight is attached to the

cylinder to represent the load. Measure

and calculate the following values:

Travel pressure, load pressure,

resistances and back pressure

Advance-stroke time and speed
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For this exercise, the cylinder is bolted ont% base plate on the left of the profile
plate and loaded with the weight. When thf-’LéL."tﬁrlinder is connected up, it is essential
that the upper connection is connected to the tank. In place of a 3/2-way valve, a
4/2-way valve is now used, with one connection blanked off. Once the circuit has
been assembled, the PRV 0V2 should first be fully opened. The hydraulic power pack
should then be switched on and the PRV 0V2 slowly closed until the pressure gauge
0Z3 indicates 50 bar. The 4/2-way valve 1V can now be slowly reversed, which will
cause the piston rod of the cylinder to advance. The design of the valve means that,
as this is slowly reversed, the full cross-section of the valve is not immediately
opened. Initially, the pump delivery to the cylinder will be throttled. As soon as the
valve is returned to its initial position, the piston rod of the cylinder will return to its

lower end position
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Appliedload:: Fy= 90 N otioll

Piston area: Aoy = 2 cm®

Characteristic data required for calculation:

Stroke length: s = 200 mm
Pump delivery: q= 2 l/min

Load pressure: p, = Ffw _ 90N 5N _ 4.5 bar

. 2 2
An, 2cm® cm

Hydraulic resistance = Travel pressure - load pressure

Pree = 8 bar - 4.5 bar = 3.5 bar
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Conclusions iy
&)Ll
The back pressure is considerably lower than the hydraulic resistance. A cylinder motion

can take place only if this case applies. The value of the back pressure depends on the

hydraulic resistances. These are very low when fluid is discharged into the tank

Direction Travel pressure Travel time Evaluation
Advance stroke 8 bar 11s
Return stroke 0 bar 14s
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deola | 2000 cm*
it 2— 50
Advance-stroke speed: v, = 9 _ an. - 52
Agy 2om 2 cm
V.. — 16672 _g47 1
s s
. . _ S 02 m
Conclusions Advance-stroke time: Lagy = = =12 s

utllﬂ'-.' 0.1 ?E

* * * E
Measured advance-stroke time, 1.1s., is slightly less than the calculated
time. The reason for this may be that the delivery of a new pump is

somewhat greater than 2 |/min.
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hydraulics PAV

Exercise2 Furnace door control acois
A furnace door is opened and closed by a double-acting
cylinder. The cylinder is activated by a 4/2-way valve
with spring return. This ensures that the door opens only
as Iong as the valve is actuated. When the valve

actuating lever is released, the door closes again.

https://manara.edu.sy/


https://manara.edu.sy/

W

:
6)li_all
A B
PN
Pl
L

I L Systen

pressuns

[ozz] O— [V, P = 50 bar

(5 MPa)
-
- - - - .FI - - .__T._I
|I_‘.II1|| .

‘\;ﬂ
i S |
S _|T=_|.

el |
F"ump'._.l |
saf&ry'.ral'.rel l:@ :
pm=ﬁﬂlbari| |
GmpPay L — 1 1

https://manara.edu.sy/


https://manara.edu.sy/

Once the circuit has been assemblec%d checked, the hydraulic power

deol o

pack should be switched on and theﬁéufs{em pressure set on the pressure
relief valve OV to 50 bar. Pressure sensors should be used to measure the
travel and back pressures. When the hand lever of the 4/2-way valve is
actuated, the piston rod of the cylinder will advance until the lever is
released or the piston rod runs against the stop. When the lever is
released, the piston rod will immediately return to its retracted end
position. Before the pressures and times are measured, the piston rod
should be advanced and retracted several times to expel any air which

may have entered the piston-rod chamber during the previous exercises.
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Advance siroke

q

Return stroke

—

Y

deola
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Travel pressure | Back pressure Travel time Evaluation
Pisi Pisz2 Lac
2.4 bar 2 bar 125
Back pressure | Travel pressure Travel time
P11 P15z fian
5.3 bar 11 bar 083

https://manara.edu.sy/


https://manara.edu.sy/

Characteristic data required for calculation:

daola
Piston area: Apy = 2.0 cm* Slol
Piston annular area: Arr = 1.2 cm’
Stroke length: s = 200 mm
Pump output: q = 2 l/'min
2
Area ratio: o = Aen _ 2Cm — = 1667
Az, 12cm
, | 2000 cm®
Advance-stroke speed: v, =—— = M0 _ 60 =
Agy 2cm 2cm

cm m
Vg, = 1667 — =017 —
adv o =
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Return-stroke speed: vy = ——=—=

Advance-stroke time:  {,, =—= =123

Py

deola
5 m O)tiall
Vi gq72
5
| 2000cm’
{ min _ 60s
A, 12em’  12cm’

V. =2?.?5?=nzsg

Travel time ratio:

Return-stroke time:

Travel speed ratio:

t,ﬂ=i 'JE_’“=4J?
Vie 0280
5
m
0172
Vase _ 5 06
Ve pog™
5
tﬂi_E_ﬁr
ty 07s
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hydraulics PA

Exercise3 Painting booth deola
§)lioll ..

An endless chain conveyor feeds workpleces th rough a painting booth.
The chain is driven by a hydraulic motor viaa right-angle gear unit. Due
to changes in the production process, the weight of the workpieces
passing through the painting booth has changed. The speed of the
conveyor should, however, remain the same as before. It must be
determined whether this can be achieved by fitting a flow control valve,

and if so which type is suitable.
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Assemble and check the circuitin accor%e with the circuit diagram. Fully open
the pressure relief valves 0V1 and 1V1 ad€lose the shut-off valve 0V2. Open the
flow control valve 0Z2 approx. 2 turns. The hydraulic power pack can now be
switched on. The system pressure of 50 bar required for the exercise should be set on
the pressure relief valve 0V1 and checked on the pressure gauge 0Z2. Now open the
shut-off valve OV2. If the pressure gauge 121 shows less than 50 bar, re-adjust the
pressure relief valvec(;v’LiSI;iightly. The flow control valve 0V2 can now be set to the
desired flow rate of 2 I/min. The load pressure should be varied by means of the
pressure relief valve 1V1 in accordance with the specified values. For the second half
of the measurements, the pressure relief valve 1V1 should be fully opened and the

system pressure varied by means of the pressure relief valve OV1. The system

pressure/flow rate characteristic for the flow control valve can then be plotted
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Pz piz 584G 1 il Qo Fluciuating
load prassure
50 bar 10 bar 2 'min 2 limin
50 bar 20 bar 2 'min 1.8 'min
50 bar 40 bar 2 'min 1.3 'min
S50 bar 40 bar 2 'min 0.7 'min
50 bar 50 bar 1.2 'min 0.1 min
Fluctuating inlet Pizt Piz2 qrcv qrv
pressune
50 bar 10 bar 2 I'min 2 Iimin
40 bar 10 bar 2 I'min 1.6 Ifmin
30 bar 10 bar 2 I'min 1.3 I'min
20 bar 10 bar 2 I'min 0.8 lfmin
10 bar 10 bar 1.5 I/min 0.4 ['min
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Conclusions [A

Only the flow control valve offers a suitable means of setting a constant
speed with different pressures. In the case of the throttle valve, the flow
rate varies as a function of pressure. Reason: In the case of the flow
control valve, the built-in pressure compensator keeps the pressure
difference constant. This gives a constant flow rate, which can then be
adjusted with a throttle valve. Operation of the pressure compensator
does, however, require a certain minimum pressure. The throttle valve

is a simple restrictor, which produces a flow rate as a function of the

pressure difference
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hydraulics DA

Exercise4 ik o -5 Surface grinding machine
The grinding table of a surface grinding machine is driven by a hydraulic
cylinder. Since the speed is required to be the same in both directions, the
hydraulic control circuit must be designed to provide compensation for
the difference in volume of the two cylinder chambers. A differential

circuit is suggested with a 3/2-way valve and a flow control valve for speed

adjustment
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Assemble and check the circuit. Clﬁthe shut-off valve 0V2 and the

flow control valve 0V3. Now SW|tchJ on the hydraulic power pack and set

a system pressure of 50 bar by means of the pressure relief valve 0V1.

Now open the shut-off valve 0V2 and also open the flow control valve

until the piston rod advances. The measurements can now be carried

out Evaluation piz = Pressure on piston side of cylinder

pizz = Pressure on annular piston side of cylinder

pozz = System pressure = 50 bar

t — = Cylinder advance-stroke time approx. 4 s

Valves abia Direchiion

Advance stroke

3.5 bar

5 bar

4.31 s

Reabum siroke

0 bar

4.5 bar

657 s
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Cylinder dimensions:

Piston area:
Annular piston area:
Cylinder stroke:

Area ratio:

Time ratio:

Force ratio:

L7y

Flow rate during advance stroke:
"JL’:"J'
Piston side: Oy = Aey 2 oo Acm
Aoy = 2.0 o’ t:m 4313
Aee = 1.2 om’ o "
|
s=02m =028 557 L gp—
o 5 mn o min
2
a=hon 2O 46747
Am 120m 20cm
Annular piston side: Qg = A —— = 120m’.
t 431s
e 4315 .
== = 0656
t, 657s R
= 55?—-334— allﬂ—
e TS mn  min

F, Ao Pe =zcm*-3.5nar=um

1
F; Apg'Pe 12cm Sbar
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hydraulics Z
Exercise5 Embossing machinmu

A special machine is used to embog'?ggji'aphic symbols on metal foil. The
foil is fed through the embossing machine with an adjustable cycle
time. The downward motion of the stamp must be capable of being
varied in accordance with the feed speed. The return motion must
always be executed as a rapid traverse. A one-way flow control valve is
used to control the speed of the stamp, while a pressure relief valve is
used to prevent the weight of the stamp from pulling the piston rod out

of the cylinder. A 4/2-way valve is used to switch between upwards and

downwards motion
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Flow rate during return stroke:

Annular piston side:  Qgg = Agg 'li =12 cm® - Ei;m
" 57s

cm’

cm [
=385 —=219—=(02 —=
Gen 5 min min Hrey
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Conclusions PAV

If the same pressure actson a Iarg?ﬁrea (APN), this produces a

larger force (F1). Mathematical proof:

Mathematical proof:

Given FPaz1 = Pz
and - = 1 und pg. = Fa
=1 Ao, = P
. F o
we optain T =—" =
F- Ape
it follows: F, =x-F,;

Since o> 1, F, > F;, and the cylinder advances.
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deol ~

The lower travel pressure p1Z1 acts %ie larger area APN, producing a
. as a r[

greater force F1. Only when the ratio-oftravel pressure to back pressure

becomes equal to the area ratio a is an equilibrium of forces achieved,

causing the piston to stop. Mathematical proof:

I='I "nl'l-'r-.l F =1

FE "ﬂ"l-'l-': ~ =3

Fodr F, =F5
. Ao
gilt Poe _ o = o
=g P

P 1=

As long as

= o , e piston will advance.
P 1=a
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Py

The available cylinder force is: e
F=F =F; = (Aay Pizt) = (Apr Poz)
F={2cm®-35bar)-({12 cm® -5 bar)

F=(7kp-6kp)=1kp = 10N
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Electrohydraulics D
VA

Exercise1 :Crates arriving on a conveyor’belt must be raised to the height of a

packing conveyor by means of a lifting table. The raising and lowering of the
lifting table are to be controlled manually by means of a single-acting hydraulic
cylinder. The advance stroke is adjustable, while the return stroke cannot be
adjusted and is governed by the weight of the lifting table. The pressure should

be measured upstream of the cylinder and of the directional control valve
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Practical assembly, hydraulic

Components list, hydraulic

Item no. Qty. | Description
0Z1 1 Hydraulic power pack, 2 l/min
022, 121 2 Pressure gauge

ov 1 Pressure relief valve

11 1 4/2-way solenoid valve

e 1 One-way flow control valve

1A 1 Cylinder, 16/10/200

122 1 Loading weight, 9 kg
- 3 Branch tee
- T Hose line with quick-release coupling, 600 and 1000
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6jliall

When the START pushbutton S1 ispressed, the relay K1 is

Solution description

energised. The normally-open contact K1 supplies current to the
solenoid coil 1Y of the 3/2-way solenoid valve. The piston rod now
advances. When the pushbutton $1 is released, the circuit with K1
and 1Y is interrupted, the valve closes by spring force and the
piston rod retracts due to the loading weight. The advance-stroke

speed can be adjusted by means of the one-way flow control valve
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Prac%ical assembly, electrical I Contact allocation on relay pane
+24 =2 5)lis i
%13 12 {14 O)liolt
51 E'ﬁ lﬂt\ 51 = START pushbutton *0 +0
14 1

Normally-closed contact

| iﬁﬂ 129 914 _Ti1 12 TH

—_r
]

L KL F---- K[ _F----
: = Normally-opened contact
1 ! ) -tg.? 11 -J,:g 11
" 1y _$ @ The indicator and distributor unit
2 i " equipped with indicator lamps Changeover contact  Changeover contact
0o ' * connecled as normally-  connected as normally-
ﬂ? open contact closed contact
Components list, electrical
Qty. Description
1 Relay, 3-fold
1 Signal input unit, electrical
1 Indicator and distributor panel, electrical
1 Cable set, universal with safety plugs
1 Electrical power supply unit, 24V
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Electrohydraulics PA

Exercise2 Bending device gﬁilo—_’,"[
A bending device with a double-acting cylinder is used to
produce U shaped sheet-metal work pieces. The start signal for
this operation is given by a pushbutton. After the workpiece has
been shaped, a second pushbutton is used to initiate the return
stroke of the cylinder. No provision will be made in this exercise
for the safety devices required in normal practice. The advance
and return strokes must be executed at a slow adjustable speed.
What type of flow control valve should you use to allow the

speed to be adjusted independently of load?
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Item no. Qty. | Description
021 1 Hydraulic power pack, 2 I/min
022,12 2 Pressure gauge
ov1 1 Pressure relief valve
ov2 1 2-way flow control valve
v 1 4/2-way solenoid valve
1A 1 Cylinder, 16/10/200
2 Branch tee
Hose line with quick-release coupling, 600 and 1000
1 2 3
+ - -

S1E -\ KA T ﬁ1L1

S2E-7
K1 ] 1 [

Uh.'ll-l"f-

51 = START pushbutton
52 = RETURN pushbutton

ZY

Practical assembly, hydraulic

St
v,
w1 A
P
A
ovz | [~}
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Solution description P
When the START pushbutton S$1is pres%@(he relay K1 is energised; the
normally-open contact of K1 latches to S5 tain the power supply for the relay
K1. Simultaneously, current is fed to the coil 1Y via a further contact of K1. The
solenoid reverses the 4/2-way solenoid valve and the piston rod advances and
remains at its forward end position until the RETURN pushbutton S2 is pressed,
which interrupts the circuit for the relay K1. This also causes the circuit for the
coil 1Y to be interrupted, and the piston rod returns to its initial position. A flow
control valve must be fitted to ensure that the speed does not vary as a function
of load. This flow control valve should be fitted upstream of the directional

control valve and will then control both the advance and return strokes .
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Electrohydraulic Exercise3: Press-fittin ice
(2ol o

A press-fitting device is to be used to assen%i:i)_'lqé[workpieces. If the preset press pressure
is exceeded (for example, because workpieces are incorrectly aligned), the piston rod
must be retracted for safety reasons. After a correct press-fitting operation, the return
stroke should be initiated when the value preset on the pressure switch of 3 MPa (30
bar) is reached. A one-way flow control valve is fitted in the supply line of the cylinder.
Describe the point in time after the circuit is switched on at which the pressure switch
is triggered if the pressure is measured upstream of the

throttle valve.

What s the correct point at which to measure the pressure?
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Practical assembiyghxdraulic 1A
6jliall . .

(21—

B

[Py

ltemno. | Qty. | Description
0Z1 1 Hydraulic power pack, 2 /min
022,12 2 Pressure gauge
ov 1 Pressure relief valve
V1 1 412-way solenoid valve
V2 1 One-way flow control valve
1A 1 Cylinder, 16/10/200
18 1 Pressure swilch
2 | Branch lee
T | Hose line with quick-release coupling, 600 and 1000

V2 X}

11"”,.q B
w AL W
DEE@_ILJ
Z1 . T P
L I LI L B
S | (]
C - ._|_|T5
|: P :
N @ |
) J;

B

MM Pa
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Solution description ﬁ
When the START pushbutton $1 is pressed, the relay K1 is energized; the 1st normally-open
contact of K1 maintains the power supply for the relay K1. Simultaneously, the circuit for the coil
1Y is closed via a further contact of K1. The 4/2-way valve reverses and the piston rod advances
until the pressure preset on the pressure switch 1B is reached. The pressure switch acts via K2 to
cancel the latching of K1. This also interrupts the circuit for the coil 1Y, causing this to become de-
energized. The 4/2-way solenoid is reversed back by spring force and the piston rod returns to its
initial position. Fit the pressure sensor upstream of the one-way flow control valve: If the advance-
stroke speed is controlled by a throttle valve, the throttle valve represents such a large resistance
that, when the circuit is switched on, the pressure upstream of this valve rises to over 30 bar. The
result of this is that the pressure switch initiates the return stroke before the correct press-fitting
pressure has been reached. The pressure must therefore be measured directly upstream of the

cylinder supply port.
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Circuit diagram, electrical deola
£ 1 p Yo, 4
+ L o o
1B ]
S1E -\ K1Y p=l KA
- |
K2/
KA K2 1Y/ '——$
RAAE rls
- : S1 = START pushbutton
4 16 = Pressure swilch
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Electrohydraulics Exercise4 : Stampipg machine
A hydraulic power pack with a very low pump delivery rate is all that is available

to operate a stamping machine. A suitable circuit must be used to increase the

advance-stroke speed. The power pack output is sufficient to allow

N
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Practical assembly, hydraulic

deola 1A
6)ligJl !
1A T |l
v A ]] IMW
Pl T
L
ltemno.| Qly. | Description A
0Z1 1 Hydraulic power pack, 2 Umin 0wz h)[{.\
022 1 Pressure gauge
]
oV 1 Pressure relief valve
0Z2 ®—[
0v2 1 2-way flow control valve
v 1 4/2-way solenoid valve -
1A | 1 | Cylinder, 16/10:200 CS P T L
i
2 Branch tee @ | o1
7 Hose line with quick-release coupling, 600 and 1000 !
g pling — b S
: i
) !
!
!

~ P Wewa
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Solution description
A differential circuit is only possible using cylinders with a single-ended piston rod

and is intended to increase speed in the forward stroke, whilst pressure is applied
to both piston surfaces. Due to the difference in surface areas, a differential force
is created, which causes the piston rod to advance. The oil displaced on the piston
rod side is fed to the large piston side. The active surface area for the pressing
force corresponds to the piston rod surface area. This is why the pressing force is
less in the case of increased advancing speed than if pressure is applied to a single-
sided piston surface. The solenoid coil 1Y of the 3/2-way valve is actuated via the
START button S1. The piston rod advances using the re circulated oil. If the
RETURN STROKE button S2 is pressed, 1Y is de-energized, the 3/2- way valve
reverses by means of spring force and the piston rod retracts. The flow control
valve is used to represent a hydraulic power unit with reduced pump delivery. The
effect of the differential circuit is thus more clearly identifiable. The "Practical
assembly, hydraulic" drawing shows a 4/2-way solenoid valve instead of the 3/2-

way valve.
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Circuit diagram, electrical

S1E-Y, K1Y S2E-\ KN,

&4
K2/
K1 K2 IZIj 1 *rlfﬂh—fg
-= &% -+ o
RALE SALE S1 =S8TART
5 ] = pushbutton
p 52 = RETURN pushbutton
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Electrohydraulics Exercise5 :Door congkgl,

&)Ll
A double-acting hydraulic cylinder is used to open and close a furnace door.

INCHING operation allows the door to be driven to any desired intermediate

position. The cylinder is hydraulically clamped in all such positions.

@4

ol

40
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Practical assembly, hydraulic

ltemno.| Qly. | Description e
-'1"..-"1 W2 .+
0Z1 1 Hydraulic power pack, 2 I/min Al_1B AL LB
0z2 1 Pressure gauge Y1 | : | >{ B [ ] 12 1Y3 [ ] X L _:'m
ov 1 Pressure relief valve 'J-' L
Vi 1 4/3-way solenoid valve closed in mid-position
[0z2] ()——
V2 1 4/2-way solenoid valve
1V3 1 Non-return valve, piloted T e —
1v4 1 One-way flow control valve 041 p T ] %
= . . ] LR
1A 1 Cylinder, 16/10/200 | Y | il I_;r
3 Branch tee | L _ | T,
i . P .
g9 Hose line with quick-release coupling, 600 and 1000 : E ) I Wf(\/ |
I : : 1
e -
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Circuit diagram, electrical o
+ F’iﬂ' A :
S1E-Y------- 7K1 K2\,

wzl‘f‘—%ﬁ. w1|‘,«"—$

JClose door® pushbutton
LOpen door® pushbutton

S1=
52 =
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Solution description [A

deol o
The hydraulically-piloted non-return valve prevents,thejpiston rod from being pulled out by the tractive

load. The piloted non-return valve opens and allows the piston rod to advance only when the “Close
door” pushbutton S1 is pressed, causing the 3/2-way valve to reverse. When the pushbutton S1 is
released, the 3/2-way valve returns to its initial position and the piloted non-return valve closes
immediately. The piston rod is hydraulically clamped and remains where it is. The hydraulic clamping
ensures that the piston rod cannot be pulled out by a tractive load. When S1 is pressed again, the piston
rod moves forward until the desired end position is reached. When the “Open door” pushbutton S2 is
pressed, the piston rod moves back. When S2 is released, the 4/3-way valve reverses, while the piston
rod stays where it is and is hydraulically clamped. The two pushbuttons S1and S2 are mechanically
interlocked. If both of these are pressed at the same time or if one is held down and the other pressed,
the piston rod stops. The one-way flow control valve is installed on the piston-rod side in order to

ensure that a back-pressure develops as the door closes. This pressure is used firstly to provide counter-

holding and secondly to enssure reliable opening of the pilot-operated non-return valve.
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