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Estimation of leakage through spool and housing bore and Numericals on DCV,
PCV and FCV

Simple Numerical
1. Theland in a spool valve separates two fluid passages. The land has a 25 mm length
and 18.7325 £ 0.005 mm diameter and operates in a 18.75 + 0.01 mm bore. Assume NP
that the spool is concentric. The pressure difference across the land is 20.68 MPa.
Calculate the leakage flow rate past this land for nominal, minimum and maximum
leakage conditions assuming a fluid nominal, minimum and maximum viscosities of
5.84 mm2/s, 32.1 mm2/s and 800 mm?/s.

+ Solution: The nominal height of the passage is achieved when both spool and bore
have their nominal dimensions :
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+  The minimum height of the passage is achieved for the maximum diameter of the
spool (18.7325 + 0.005 = 18.7375 mm) and the minimum diameter of the bore
(18.75-0.01=18.74 ) and is given by :

- (18.74)- (18.7375)
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+ Similarly the maximum height of the passage is achieved for the minimum diameter
of the spoal (18.7325 - 0.005 = 18.7275 mm) and the maximum diameter of the bare
(18.75+0.01 = 18.76 ) and is given by :

=0.00125 mm
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My name is Somashekhar, course faculty for this course, correct friends? Now, I will solve
some of the simple numerical problems for the directional control valve, pressure control
valves and a flow control valves very quickly. The problem is like this. The land in a spool

valve separates two fluid passages.

The land has a 25 mm length and 18.7325 plus or minus 0.05 mm diameter; meaning is upper

and lower limits [ mentioned here and operates in a 18.75 plus or minus 0.01 mm bore. Again



upper limit and lower limit for the bore is given. Assuming that the spool is concentric the

pressure drop across the land is 20.68 mega Pascal.

Calculate the leakage flow rate past this land for nominal, minimal and maximal leakage
conditions assuming a fluid nominal, minimum and maximum viscosities of 5.84 mm square
per second, 32.1 mm square per second and 800 mm square per second. Kinematic viscosity

cSt is given.

So, solution how to do it? The nominal height of the passage is achieved when both the spool
and bore have their nominal dimensions because a nominal height. Nominal height means
what? Here you will see 18.7325, 18.75 divided by 2, correct? Here you will see friends you
will take directly the bore is 18.75, spool is minus 18.7325 by 2 is a nominal height or a

clearance when I am considering the nominal dimensions. This is given by 0.00875 mm.

So, the minimum height of the passage meaning I am taking the lower limits now, the
minimum height of the passage is achieved for the maximum diameter of the spool, correct?
18.7325 plus upper limit 0.05 is equal to 18.7375 mm and minimum diameter of the bore the
bore is here 18.75 minus 0.01. And, is given by same here what I did here I took here 18.74

minus 18.7375 by 2 here I am getting 0.00125 mm, ¢ minimum it is.

Similarly, ¢ max we have to find out. What is that? Maximum height of the passage is
achieved for the minimum diameter of the spool minimum diameter is you will see up lower
limit here and the maximum diameter of the bore and is given by same 18.76, correct minus

this 18.7275 by 2 because it is a clearance. This is given by 0.001625 millimetre.
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* Conversion of Viscosity ?s %\E
N
NPTEL
* Leakage flow rate is given by: =X Do} dp
12 4L
+ Leakage flow rate for nominal height e 7(0.01875) (0.00875 x107 J x (20,68 x10°)
of the passage is given by: HT 12 0.02889 x0.0025
0,= 9414x107 m* /s
' Leékage flow  rate for' minimurm . 7 0.01875) 000125 x10°) x (20 68 x 10°)
height of the passage is given by 0= 12 % 0.005256 x 0,002
* Leakage flow rate for maximum A 7(0.01575)(0.001626 %107 x [20.68x10°)
height of the passage is given by < 120792 %0 002 N~
;
i/ A

So, now viscosity as I have told you it is given in the ¢St kinematic viscosity and converting
into centipoise by multiplying with the specific gravity of the fluid assumed to be 0.9. [ am
converted here, then I am converting in to SI unit Newton second per metre square; Newton
per metre square is a Pascal and second is a s. I am writing here Pascal second and converted

here, how to convert? After getting this divided by 1000s.

Then leakage flow rate is given by already we know that pi D ¢ cube by 12 mu delta p by L.
You will remember very easily pi D ¢ cube by 12 mu delta p by L. Substitute all the values
for the nominal height for everything you have to find out. For the nominal height what is the

leakage, minimum height what is the leakage, maximum height what is the leakage.



Already we found out in the previously previous slide I have shown you how to calculate the
minimum height, maximum height, nominal height I am substituting here nominal height

here. Then, only changes is here these two terms viscosity and this, correct?

Now, I will get the Q | equal to 9.414 into 10 to the power of minus 7 m cube per second.
Similarly, the leakage flow rate for the minimum height of the passage. Here it will changes
again, minimum height as well as this will change. Then it will come 1.5088 into 10 to the

power of minus 8§ m cube per second.

Similarly, for the maximum height of the passage is given by same substitute the ¢ will
changes and this will changes meaning dynamic viscosity will changes. You will get here
2.199 into 10 to the power of minus 7 m cube per second, very simple friends it is. Only thing
you have to remember the leakage flow then possible to find out for the nominal diameter,

minimum height and maximum height of the gap.
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2. Acylinder with a bore diameter of 70 mm and a rod diameter of 31.25 mm is to be

sy,
7,

used in a system with a 45 It/min pump. Use the graph shown in Figure to Eji_
determine the pressure drop across the 4/3 tandem centre directional control valve NPTEL
when the cylinder is retracting i.e. P> B, A2 T.
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+ Solution: The flow from P to B is the pump flow into the rod end, so this can be read ‘\ 7~
from the graph Pressure drop vs. flow and is given by
7
A/ L

I will show you one more. A cylinder with a bore diameter of 70 mm and a rod diameter of
31.25 is to be used in a system with a 45 litres per minute pump, use the graph. Here the
graph is given in the figure which will shows the pressure drop across the flow in litres per

minute.

They are given the pressure drop versus flow characteristics for the different port
configuration. You will see here first one is when P connecting to A, P is connecting to B,

this is a flow rate passion.

Similarly, A is connecting to tank, B is connecting to tank middle one, top one is as I have

told you P to T because it is a tandems neutral. Tandem neutral means P is connecting to T in



the middle position, A and B are blocked; then parallel configuration, crossed configuration

you are seen already this, ok.

Now, this for combination this combination you have to determine, P is connecting to B, A is
connecting to T meaning a crossed configuration, meaning it is retracting, correct? For this
now what we will do? The flow from P to B, correct, P to B means pump is connecting to B
meaning P rod end and it is correct. So, this can be read from the graph pressure drop versus

flow.

How to read this friends? It is here you will see here the one of the bore diameter is given, rod
diameter is given then here the flow 45 we will see here 45 litres per minute you will move up
I want to get from the what is that P to B how much. P to B how much I will get here? You
will see friends 45 I will get here approximately 3.2 approximately, for the port configuration

of P to A, P to B here down curve.
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*  The flow from A to T is the return flow out of the E
blind end. This flow rate is greater than the pump k)
flow and must be determined by .... Cylinderis el

Refracting PTE!
¢ Calculate the piston area (Ap) as..

1,= 702 =" (10f =385 mn? A B
. AT T T JWW
* Calculate the piston rod area (4,) as ... “[Z] O 7]

P:Z

,1,:;{1?;—dfi:2(70141 252)=77 ]

+ Sothe return flow (Q,) is given by ...

0 5
0, =2 x 4, = 4—\(385 56.25 It./min .

= {a,-4) 7 (e5-1)

* Now the pressure drop can be read from the
graph from A to T corresponding to flow
calculated return flow Q,=56.25 It/min

Ap = 6.2 (approx )

Next, this is a configuration as [ have to P to T, A to B, now they are asking for the crossed
configuration. They may asked for this also. Now we will see the pump flow is connecting to
the tail side or a rod side, the head side is connecting to the tank. So, the flow from the see
here A to T how it is A to T is the return flow out of the blind and this flow rate is greater

than the pump flow, correct?

Pump flow what it is coming here because area is very less and must be determined by A p
equal to pi by 4 d p square you know the area of the piston after substituting I will get here
then calculate the piston rod area also d p square minus d r square pi by 4 you will get 77 mm

square meaning I finding out here piston area and the rod area this area, this area.

Then for the return flow here return flow is given by Q pump divided by A p minus A r into

A p substitute all the values I will get the return flow is 56.25 litres per minute using this you



have to find out the pressure drop you will see now. Now, the pressure drop can be read from
the graph A to T know A to T it is, correct. A is connecting to T A to T corresponding to the

flow rate return flow how much it is? 56.25.

You will see here you will mark here approximatively the 56.25 and you will move up here
move up approximately I will get here 6.2 correct, 6.2 the pressure drop for the return flow.
Very simple like this how to read this you have to learn. Very very simple whether it is a

crossed configuration or here or here you have to find out the same weight.

(Refer Slide Time: 10:28)

3. A pressure relief valve contains a poppet with an area of 4.2 cm? on which the
system pressure acts. During assembly, a spring with a spring constant of 3200
N/em is installed in the valve to hold the popper against its seat. The adjustment
mechanism is then set so that the spring is initially compressed to 0.5 cm from its
free-length condition. In order to pass full pump flow through the valve at the
pressure-relief valve pressure setting, the popper must move 0.30 cm from its fully
closed position.

¥ Determine the cracking pressure
¥ Determine the full pump flow pressure (pressure-relief valve pressure setting)

¥ What should be the initial compression of the spring in pressure-relief if the full
pump flow is to be 40% greater than the cracking pressure?

¢ Solution:

» Cracking Pressure

* Force required to fully close is the product of initial displacement and spring
constant and is given by :

ot —K S =3200 x05-1600 N N~
& 7
/

Third quickly we will see one more problem: A pressure relief valve contains a poppet with
an area of 4.2 centimetre square on which the system pressure acts. During assembly a spring
with a spring constant of 3200 Newton per centimetre is installed in the valve to hold the

poppet against its seat.



The adjustment mechanism is then set so that the spring is initially compress 2.5 centimetre
for its free length condition. In order to pass a full pump flow through the valve at a pressure
relief valve pressure setting, the poppet must move 0.30 centimetre from it is fully closed
position determine the cracking pressure, determine the full pump flow pressure meaning it is

a pressure relief valve setting.

Then third one is what should be the initial compression of the spring in pressure relief valve
if the full pump flow is to be 40 percent greater than the racking pressure? Ok, as usual it is a
poppet valve it is. We have to find out the first cracking pressure determine the cracking

pressure.

So, we know that the force required to fully close is the product of initial displacement and
the spring constant and is given by F valve closed force required to close K into S initial
value; initial value is 0.5 is given. Therefore, 3200 in to 0.5 meaning 1600 Newton this is the

initial force required to close the valve.
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*+ Now we can calculate the cracking pressure knowing the cracking force:

Peratrs = o0 10

|pm,“,‘g=381x1041\’/m3 =381 MPa |

» Full pump flow pressure (pressure relief valve setting)

* Force required to fully open is the product of final displacement (0.3+0.5 = 0.8) and
spring constant (K) and is given by :

‘Fﬁ,‘:‘ o= K S 1= 3200 X 0.8 = 2560 N|

* Now this force must be equal to product of full pump pressure and area of poppet:

P st gy fow =

610x10* N /m’= 6.10 MPa L

Now, we can calculate the cracking pressure knowing the cracking force; the F cracking equal
to P cracking into a poppet area of the poppet. So, P cracking equal to F cracking divided by a
poppet. Now, we will substitute the value 1600 area of the poppet is given, but please take
care friends all unit should be in the same unit, all centimetre I am converting into the metre.

Now, we will get here Newton per metre square, then it is nothing but 3.81 mega Pascal.

Next one is full pump flow pressure meaning the pressure relief valve setting. Here the force
require to fully open is the product of final displacement; final displacement means 0.3 plus
0.5 is nothing, but the 0.8 full opening and a spring constant multiply these two then I will get
the F fully open fully opening the force is K into S fully open, correct? Meaning 2560.



Now, this force must be equal to the product of full pump resistance and the area of the profit
meaning F F fully open equal to P full open into area of the poppet. What you will do now?
The P the pressure of the full pump flow F fully open divided by A poppet.

Already we found out already we know here 2560 divided by area of the poppet is known
substitute. I will get here 6 10 into 10 to the power of 4 Newton per metre square or what you
will do? Divide by the 10 to the power of 5 you will get the mega Pascal 6.10 MPa. This is
for the pressure for the full pump flow.

(Refer Slide Time: 14:31)

» What should be the initial compression of the spring in PRV if the full pump flow is to

0
be 40% greater than the cracking pressure 13%}
*  Initial compression of spring is given by : NPTEL
Foedns = K 123200 x1
+ Also we know that the force required to fully open is given by the product of full
pump flow and area of poppet:
* Ffu))y open is given by ,\
7
Fityapen = 3200 14950 /
s

Next one is, what should be the initial compression of the spring in PRV if the full pump flow
is to be 40 percent greater than the cracking pressure? Now, initial compression of the spring

is already we know that F valve closed K into I meaning K already we know 3200 into 1.



Now, F valve closed equal to same P cracking into a poppet. Now, P cracking equal to F
valve closed by A poppet. Substitute the value here. Here already know F valve closed is
3200 into 1 divided by area of poppet. After doing this I will get here 762 into 10 to the power
of 4 1.

So, we know that the force required to fully open is given by the product of full pump flow
and the area of the poppet, correct here? Now, P full pump flow same F fully open A poppet.
F fully open is given by K into 1 plus 0.3, we have to find out | now, that is why I am telling.
So, F fully open equal to K is 3200 then I am simplifying this 3200 into | multiplied by this
960 ok.

(Refer Slide Time: 15:54)
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* Now ”pfllv/ pump ﬂnw”’S given by D = Fringe § %E
i i LY

NPTEL

o ton = (162 1+229)10

*We can now calculate the ratio of pump full flow pressure to cracking pressure as

Pryoper_ (1621+229)10° _
Poaiing (1621)10°

Piyopn (16214229)

Posins __ 121)

Paipn 1621 209

/i ) =
Do 1211621

— 06
03005

1 2em|

Now, the pressure when full pump flow which is given by F force by an area fully open and
poppet substituting the value here, then after simplification what I will get here? 762 1 plus



229 into 10 to the power of 4. We can now calculate the ratio of pump full flow pressure to
the cracking pressure P fully open P cracking, correct, which is equal to their given condition

1.6 after substituting this. This is given condition.

I will do the simple modification here 762 1 762 1 plus 229 by 762 I; this is how much it is
friend 1 plus 229 by 762 1. This 1 will go this side meaning 0.6 229 by 762 is nothing but

0.3005 into 1.6, then 1 equal to approximately I will get it 2 centimetre.

(Refer Slide Time: 17:14)

4. Adouble acting cylinder is hooked up to reciprocate. The pressure relief valve setting
is 120 bar. The piston area is 0.032 m? and the rod area is 0.0090 m2 If the pump
flow is 0.0026 m3/s, find the cylinder speed and load-carrying capacity for the
following:

a) Extending stroke
b) Retracting stroke

* Solution
¢+ Given Data
» Pressure relief valve setting is , p = 120 bar = 120 x 105 N/m?2
» Piston area, A, =0.032 m?

» Rodarea, A =0.0090m?

» Pump flow, Q,=0.0026 m*/s
a) Cylinder speed and load-carrying capacity during extending stroke
: . ok 0, 0.0026 m
*  Cylinder speed during extension is given b AR 5
V! p g 4 V|V PR 0.08125 ; AN

* Load carrying capacity p=F/A, 50 .. |FE 4, =(120x10°)(0.032)=3.84,000 N =384 AV|

alll / i

A double acting cylinder is hooked up to reciprocate the pressure relief valve setting is 120
bar. The piston area is 0.032 metre square and the rod area is 0.0090 metre square. If the
pump flow is 0.0026 m cube per second, find the cylinder speed and load carrying capacity

for the following meaning for extending stroke as well as retracting stroke.



So, quickly we list it out the given data. The pressure relief valve setting is given as 120 bar is
there given. I am converting to Newton per metre square by multiplying 10 to the power of 5.
Now, the piston area it is given in metre square, no need to worry and rod area also given in
metre because Newton per metre square I am choosing. All unit should be same, please

remember friends.

Then pump flow Q p equal to 0.0026 m cube per second, all are in the same unit you will see
friends. Cylinder speed and load carrying capacity during extending stroke cylinder speed
during the extension is given by V E Q p by A p head side correct Q p is known, A p is

known you will get 0.08125 metres per second.

Similarly, load carrying capacity p equal to F by A, F then F equal to p into A meaning p into
A p, correct p I know 120 and A p I know. After this I am getting here divided by 1000 you
will get it 384 kilo Newton.



(Refer Slide Time: 19:03)

a) Cylinder speed and load-carrying capacity during retracting stroke ;’&;%\E

*  Cylinder speed during retraction is given by iy

V= - 011302
4,-4) (0.032-0009) 5

*  Load carrying capacity p=F/A , s0 ..

0, 00026

[ =4, - 4)=(120 x10°)(0.032-0.009)-2,76.000 N =276 k¥

Similarly, you have to calculate for the cylinder speed and load-carrying capacity during the
retracting stroke, correct? Cutting speed during the retracting stroke V r equal to Q p by A p

minus A r, correct? You will substitute all the value I will get it 0.1130 metre per second.

Similarly, load-carrying capacity p equal to F by A, correct? The load carrying capacity F
equal to p into A, that is why I am doing p into A p minus A 1, substitute all the values.
Afterward I am getting 276 kilo Newton. Correct? Very simple it is. Very very simple

substituting the value you will get it.



(Refer Slide Time: 19:41)

5. The circuit shown in Figure below has a cylinder with a 50.8 mm in diameter bore
and a 25.4 mm in diameter rod. The pressure relief valve is set to 170 bar. If the
meter-out flow control valve is closed completely, what will the pressure be in the
rod end ? The piston diameter is assumed to be the same as the bore diameter

NPTEL

* Solution
Actuated
Position

* GivenData
» Piston dizmeter, d, = 50.8 mm =0.0508 m
» Piston rod diameter, d, = 25.4 mm = 0.0254 m

» Pressure relief valve setting , p = 170 bar =
170 x 10° N/m?

+ Calculate the piston area (A ) as ...

4,=7 a7 =T 00508 =0.0020258 m’
A

+ Calculate the piston rod area (A ) as ...

4= Z‘d‘_’ :%(o 0254)" =0.0001613 m*

=2
4

5th problem; the circuit shown in figure below has a cylinder with 50.8 mm in diameter bore
and a 25.4 mm in diameter rod. The pressure relief valve setting is 170 bar. If the metre out
circuit because you will see here metre outflow is controlled metre outflow control valve is
closed completely, you will see here if the metre out flow control valve is closed completely
what will be the pressure be in the rod end? The piston diameter is assumed to be the same as

a bore diameter.

Quickly list it out what are the given data now? The piston diameter is given d p 50.8 mm.
Always you will convert into same unit. The piston rod diameter d r equal to 25.4 mm convert
into the metre. The pressure relief valve setting is given 170 bar, I am converting into Newton

per metre square.



Now, we will calculate the piston area A p pi by 4 d p square; d p is given here you will get it
here. Similarly, the piston rod area you will calculate pi by 4 d r square friends, substituting

the value directly.

(Refer Slide Time: 21:17)

* Please note, the pressure in the blind end will be the pressure relief valve setting.

* Now calculate the piston force in the forward direction as

F, = p, 4,=(170 x10°}(0.0020258 )

F, =34.438.8 N = 34.4386 kN
+ This force is then applied over the smaller area on the rod end (A,-A)

* Now calculate the pressure in the rod end as...

_ K 344388
5= (4, - 4) " (0.0020258 -0.0001613 )

p= S =184.70,79 5 N/ m*
(0.0018645 )

P, =184.70796 bar

* Please note if the flow control valve on the rod end was inadvertently closed, the
pressure in the rod end will be significantly higher (184.71 bar) than the pressure relief

valve setting (170 bar) . BN
¢ This can cause damage to the rod end seals on the cylinder which may create
dangerous situation. / /7
b Y | SV

Please note the pressure in the blind end will be the pressure relief valve setting. Now,
calculate the piston force in the forward direction. So, the forward direction F E p e into A p,
correct? I am substituting the setting pressure and area I will get a F E equal to this much
Newton divided by 1000 will give you the kilo Newton 34.4386. Now, we will see this force

is then applied over the smaller area and the rod area rod area is A p minus A r, correct.

Now, calculate the pressure in the rod end as p r equal to F E by A p minus A r. Substitute the
value here whatever I am getting here. Now, we will get how much it is? You will get here in

bar I am getting 184.70796 which is the you will see here friends pressure in retraction is



184.70, but maximum pressure setting how much it is? 172 10 to the power 170 bar I am
setting, but in return how much 184.7 0 which is a very high which will leads to wear and tear

of the rod area seals.

So, here please note if the flow control valve on the rod and was inadvertently closed the
pressure in the rod and will be significantly higher, what I am calculating here 184.71 bar
than the pressure relief valve setting 170 bar. This can cause a damage to the rod and seals on

the cylinder which may create a dangerous situations.
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Concluding Remarks

* Today we have discussed in detail the followings

* Leakage flow through the spool valve

*  Simple numerical on DCV, PCV and FCV

* Ok friends, We will stop now and see you all in the next class

* Until then Bye Bye...

After knowing some of the problems very simple problems if they will give the any unknown
data how to derive the known data, I told you in the some problems in the today’s lecture. We

will conclude. Today we have discussed in detail, the leakage flow through the spool valve



which is very important. Simple numericals on DCV, PCV and FCV. Ok, friends, we will

stop now and see you all in the next class until then bye bye.
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