ARYAN SCHOOL OF ENGINEERING & TECHNOLOGY
BARAKUDA,PANCHAGAON,BHUBANESWAR,KHORDHA-752050

| o200
- 1:} %
$ W 3
Knuu :

€77 «0/
oo SCHOOL OF ENGINEERING AND TECHNOLOGY

LECTURE NOTE

SUBJECT NAME- HYDRAULIC MACHINES &INDUSTRIAL FLUID POWER

BRANCH - MECHANICAL ENGINEERING
SEMESTER - 5TH SEM

ACADEMIC SESSION - 2022-23
PREPARED BY - BIJANANANDA MISHRA




l . 11L{.‘"lh.(u’l \T"] "ﬂ"hut " R ]i ‘t’fu.l [,

L\i e —

Qb Machirey H oaulie mashin a)fﬂjc(aa those mach
li)[u:h m:wa)u‘ /1 Aﬂmﬁd W% It muthasn

e g mithoie] ﬂm%,ia compted into elebries ot

T olebtie Poustt Wamo!fmﬂw f?efmc W%i&fw@nw
Haoiw-almﬁah pewer

Ddr“”‘{*'m @jj Hosalp ool %amaa of.o Tuwthine

témﬁ D%;Q;?%ﬂ ﬁ@a?m&maﬂ Grex Heopol-
JLL

i}matwfeo(% Gt |
0 Ny Hood : TH is mw&d ﬂeMW‘]ﬁ mﬁm
WW MMMW o fﬁ@%ﬁﬁmﬁ;' 16““5'3}) dec&qﬁg

W‘W e, id U0 (o s o fucion tek

: :f(, }ﬂFUﬁ

| Ahan
 puastesk 04 ot kol (H) = H(]“ he

‘ - _J
Scanned with CamScanner



o -
- -

T \

e \'v

B A

e II
g . o
|
I -
e N
—— HEAD / A
NOZZLE N
GROSS HEAD \ N ‘||
() e '|
e

1 4 TALRACE / f

Layout of a f!}'{f!f{f&‘tﬁt‘ porrer plant.

fwﬁé-"l{}m} : ,’{uﬂﬁmﬁf‘. ‘{Jfbﬂf“ﬁ'

- mmw%mi

(&)

x|
mwwmffm)ﬁ'f/&um;m
LMW‘“ a’)Mma’ fwioiue

Lﬂ) Kxi Lo lus

0 Aﬂdu&(
UH@‘" f;gmspwj&wpw( fy i ‘
J1‘i‘ﬂ'*"‘- EPM B

Scanned with CamScanner



—_—-"———
Caoule TibiK ! of e deht & e Dwthan g 5‘,%1{

mhihhlf
tuxoint:

!
Krauts)
il ﬂﬂfq Kinthae mu?r, i duthind. 1y 7roin) Q) w/Jil

a ! f” .{.Hf! _{ G/ f}? ;L{nﬂuﬁ ; jﬁﬂ lrl!.ff}‘ /Jlg.jv{gm_,l
Yo urbing 15 Kegusr ab

: _Tf
| [ . '. 0
Weped it Em_{?x] u ol a4 /9314-‘?!'& Hﬁ:} ,:1

wabhion  VHutbirg -

e Luhine _.A? e Mgfpj //ﬂa‘f Ey s /a‘?m{?/ Jflj

'1}11_'5. | i kel
— I _____._—""_'_-_—-"_'_

T m—

0 o 0 Bl Je
%"m’w b:ww?” J:Zm.mmwalaémﬁaq
.I"_m',!, _-’ -"I, Ir"‘?u
— mbw. & Calldl Mﬁ/@"
W fd ik,

Lz

ik f@maﬁw
amﬂ%f&uw .

udil
Moed. Yy ffww:,ﬁz, o mwm m»fﬂ Tt in L
.‘I . f

Scanned with CamScanner




P Potkon 0l T
Patkon Whael o o WﬂWWWHMMMmM%|
mbmaﬁww%ﬂiw ¥
rm% owgilably atwwféﬂémm%@% |
i e i ol o A i AT
. Thy duwbina B> WWWW
Tumwfom%m?mwmaﬂw

Nezzlp ol Iodina /. Wt
I Mbmazmﬁ% % Q/mef?mi% o ;W%‘

thy ngzzlp a4 wen elg. TMQWJLQQWM

umw & Qulemuk wmwSmu'

PWWW ﬂﬂzz,@mm A&fw?ﬂ)u/ |
WWV@V&M&

5. Rurin ) Puskels : T W conudse dise on Yt p v@p»i??_f
M&Wﬂ” butkely o %DMJ(W el z’ﬁ.(?
g buthel 0 g,zmafg,we o,ofswcafa:,o Whish & m@(
joasds 4 acmﬁ,? Ol Wbith & kngunas
K

‘_@Pugw,ﬁ‘ébmmgw wh & 4 Wﬂﬂ\/ﬁa@
n 160" @ 170" ’?Ie.

E“%
33
£ =
FHE
b
é
$:
E‘

-

Scanned with CamScanner



[ \ \ ‘“'. PENSTOCK

HGZZLE
.’ ‘ ] “‘x \
I ‘ ~
| ']
WHEEL Epm JET OF WATER

Nozele with a spear to regrdate flow.

—_— ——_ ——

S ad ft‘:um_rr of o pelton wheal, ’

3%@ m Mﬁ”fﬁﬁ? W
G 4n l*m

?zwm@%faﬁw@f

[ e =
s 2 :.-.II:. =i,
& CASING ‘*3‘{;?
& . ““:;;
r.fe [0 | ; JMANES iu-‘
| f P B , Eid
PENSTDCK [ s
o B .j. RJMNEH X :
: - \.\{‘ 1‘. — J|=| //_/I _.\. 5
G T Mnozze ) ) / 8
L o I -.’_.-I WM A-f 3
. —:_ o] J.."_'.—'.."_
S i R ) o FT i,
= e 52 e
i JET DOF WATER
e ———— = —_— l|_|

Pedton teikine,

:Efm W&’fﬂiﬂ &fﬁ
Z;;]EWWW e amount aw'a }fﬁ
MMMW&MM
jga MWMQWW&MM@M
fj@ﬂf-m @ﬁmbwq%m@*w”ﬁéf’ﬁ

*Sbba'n'ned 'w‘ihtﬁil'l CémScanner




b Y - NQ} hﬂo{l daﬁ/a@ﬂ m"f’almwu
@
Loy, H(TF Gros Had  ond  hp.

4ELY?
R &

Dy, Dianda @% Pansteek ). Spau, ?ww intfy
De Dioardst of- kel dl- Dy ?\/ﬁf""&!

- sy o o ot wlt = VagH

u:ui:u_ﬁw
“Tia Mw’!q %mma(aafuﬂﬂfwdl beawwm
Vf- V -d, =V -u
Vo, =V,
x=0 4 8=0
Fron wiltiby brinele b odlek
. W, = W

Scanned with CamScanner



o o B 00 ok e e
Abg in M@E[ e @ Vel Lha mard EI(Z wl] Sm’?j -‘-5’575&1,{
cuﬂ_uﬂf'fabh. !

fﬁmgfﬁm\,‘d ()= Ld°

‘ Ve dan 1 g ot o Yonsan o tind = [ el
| = ofaY, [tV Jru Ny,
o Yewor gt 1o thi S %7 m4ﬂ= LoV, [ Vi, + Vw]m
SN
1000
00k don (< par upit WWWW Sém?rs: P [y +Vo_)ra

. Bo D”w,-r' ij w % gf i m’?/f

B T xE "“['L_'%'E_}fﬁv‘”*)“ —0

Scanned with CamScanner




{: H j ;
- Hf [t
f.:' f;.«i f," O

T :Ja,}ﬂm ﬁwﬁ%mjsm%‘“
M Comll C. %?&d .
* a! Lo ondl /ouw@c/rwiﬁmtq

fg mmw ﬁme 2 /v 5{2@5/ ot with Jgh

Scanne d with CamScanner



' The W{‘g‘ﬁwmmﬁdwmmmﬁw?
(?-—_Lmvl

- KE @('«Jﬂﬁi Fyl utgud 39—%(1"&1\4)5\’%1-

. e ek done por suod
Haﬂhtmbﬁ M: ‘h" Kf%w/f/%foﬂ Qutond.

M [l}u; + Vu{,_

=V
SM%MVMQFUMMV&LHM Wﬂﬂ

,Qi ;Z['*“‘Lr ~ ) agp- U] xu

\-'?"

.2[&/, ) + W) @) r

(o e — O

Scanned with CamScanner




/TMM wmmwmmfm ' VM?HMM

%ﬂw 0 [&L&LM
i CHKQ&@J ol CAL{V-"ZHJ O
V?' ol
—~9yt) 2 .!-rfaaq,fﬂ
I o\ %TGMU 9ut) = 0 L Tk
| > &y -4u=0
z> }?V z Y
2> g = J.L
Homer 42 A Ma/j{ paéﬁﬂm Wbl WL 5t matina,,
mmwmﬁ@f tha Wm %@%@fw_\/m[/m
01 @«ng)xv
w‘- -
a?fo i3 ).(wwj v
q’{‘l_

Scanned with CamScanner



I 4

g g NI
(—P@Lﬂt{x o f\umeimbee A fﬂm-

(g [

(i) %@,@#M\I{a\eﬁm?q xcvgd;}—

what (= Co%@%’@{z Lﬁ@% 0-95 O
Hs ek hosol

L (ugll &F (
4"-"]' r;
60 TN

079

W
Whe D = nwa’:mndum,oma'fm ﬂim kel

CV)J!M{ &mw

. Dianeh fwﬂt

(i) Nmbm@jlbud@ﬁ o Qe c,a(?wu

[

Z: 15+ D <5405

24
W M « Teb ko

m&aﬂ?ﬂqsﬁaﬂ

Jﬁ( 4t pilsh dmdu(fﬁ)?/é@

me D . _ Pileh dhamty QZM‘PJ{MM

|
|

|

i

Supele
UWW%W‘%

Scanned with CamScanner



: | 7 : == .
bonin 4 mr'milﬁ‘. g Kasptigin | wibing :
[ ____—-—'-_____-_ ry

E‘L‘ljlll.l mW . .
Ry :ti"ﬂdéh [ wihivg amplign [ uxbing

b twthine af* inhof o) o Zuny
iff o tug ek of 7 e e

ool s only K WW/JMMM@%
o Awtoing 2 ¥ Knguwn MW“PMJ’%M

Wai}fm o ﬁﬁ Lo Knouwn 08 supintis,

) %Wm‘d » Aew 3?&@«? w hy&

mﬂ@f
T 0 ;fnmmmmmw
9. Tig wik is ashulled aboe L& o 10yt iy tnstatld below e
tuil. 7120 mmwﬂm

qﬂ@!omm ﬁ%ﬂqukéﬁ NM@!W
whe buny
ST e g gt

ﬁmncm ;webuze

Scanned with CamScanner




@P\ Rolban whel has a Mian buphot Sf}@ﬂf oL 1O mls weth a Jié:j
Wl fa-.u r,a'? af Ue le & F00 4itx/s widt 4 fuad g 20,
The f},{@l 44 f/_;df’ Lhe JU{ A fv*’*’f"}f o H“?{f o @ 60 (%

|
e ﬁmw ﬂ]m’uf !j *’ Whon &8 e L{M"u? ﬁvﬂ/ éa’aa,éc 4/55:3
g.

8/ .ffi;’ !’far'/am;, ll’/! U (& - {,.rjxaﬂf %" ?’Mé/y ad 0- 5?
L.-r

Wm 160"

- 180~ 160 = &0
Co- %M %Wﬁ Crz 099
Ve{m@ {T}L\/ =G %9!4 = 0.9¢ {2x9-01x 30

= 23-17 mlg

Vp - V,—u., . 237710 < 1377

, V,;o'-,- Viz 13- FFm/s 4

W ')Mga{y J{Jﬂ%-& Vp - Vf‘ 2> [ #7als
Vi, = W @¢ - u,
2 13- F7 (20 —~ 10 \
* o4 m/s

b o

Scanned with CamScanner



|
_. | ” .
| WWdﬂmb(j U jok Por steonl on e Junnin ML{E@—!‘ %ﬂjw

:Iﬂaﬂm.g@g,?? i &-4"""_7»1':0

= 186970 N/, (Vs g
Z

Y

1000

. Powt 3«,@ 16 i

. AL+ auxiD
23 FEXA3 £ #

= 0:9454
= 94847

Q- polten kel 1o % mfﬁm( mﬁmﬂz spudiaduhion:
_..{.* f;@ut{;-[ =/ ?"ﬁﬂ,KH ; H =380m , SF.EEJ{: P rpn, O{fﬂaa W= 5
ijm ip et 10 ol on- o ¢ Yo tas] dawmeten 100
()T Ol domdor i) The rumbin ﬁwm Jc%m‘
Giy Diameley ¢ Lhe jot  Teke Kz 0-785¢ ard Ky, =045
Cy- 0995 ol B &fﬂ&'( Jml-:g =055 :
Lol
© 0 el Bl = 9
S-pmi N = '?‘S{Jﬂ.p.m

_ MW o 9o G046

Scanned with CamScanner

£




r e P I T———
Qﬁmf@f% K: Co = 099

Spuk akig Ky = 049
Vel \jaf AL 0995 \ Bx981X 380 = 9505 nj
"1t

UW?W he o= U
U= Sﬁudmbﬂx\ﬁ?_i-l . 045 x\Ax181X 380

. 3% -%6m/s

M4=ADN 1?7[)?50

60 0
D 38.95. A D150
60
S D . 38§5x60 . 0-989 m
A X F50

1 GL‘ A’D’ ngngz
‘Dh%\]d & O-165 m

Dwmﬂlﬁfﬂn\?ﬁ 4) M«ﬁﬂﬂéﬂ %J‘t

5 ?rdmi z gLf&ﬁ) X €5-05 wik
z | swm’/s
1 o= SP . H##Fa
P 99
(000

D 0.96 = nrzax 065
HEOXQ BIX Qr 320

Tﬁfﬂdﬂf)"ﬂ{(}ﬂ» TS s )
096 X991 x38D

@mm §=Tela d‘%)

_a

Scanned with CamScanner




i:dﬂfgdl ot TN
 Thas Mowln Francig Trbine i o mises! fﬁw %/oe Lunbira.

mmm?wmﬁmwmwgw@{_w

NWWIM& dx‘ﬂaﬁﬁl;vﬁzg W B, 90
NW<M%MQ1#@WMW=-PQ& H,J

WWMPHWPLHWW%MS & fs‘jﬂ{f@J

WMM 1, : Vol

(7H

e ) _-. A‘
Scanned with CamScanner




%Lﬁmfj&/ﬂﬁ_m Jor Buntis Tabine .
ITMW%M:M?M@&GLWmMMﬂ-B |
ﬂVmJlmmamaw

A Pl ks s Vi g hm 001540 090
g

3 Spwl mby - b vmfw@éf@@f?

&&H
b/
@ﬂﬂ?mmdﬁﬂwﬂaﬁﬁaﬂﬂwwj%aMw%@L%Jﬁaﬂmww{
produte 14825 wh) pawer. I i mmw i MM@,! 7.63m . Tie

paphanl Velpe wc@‘mmm{y @#{Mﬁ
wﬂmmﬂfﬁar}ﬁmﬂ# M}’

it 4 ©-96
Jphas i mfgawmafmﬂﬁﬁgfwﬂ“m% ’@4‘“‘?

mba,tdm;m dodoming:
G) T wael vare ot-nled

i) Dipnelo T ﬂ«ﬁ ol of ok () inkts f?z 4 vt of ot

Overall EﬁAﬂMﬁJ o, = 157 < 0F5
Powsen produstd 5:Pe QAT g
Hmﬂ H=%6lm J

U= 0 46 &(?H = 06 VX921 %62 = 3- 1¥Tmle

y of olt E{‘ 0-96 {1yH = 0- 2V 22M#62 = 1. T3g ms
dﬂoﬂ % {(‘M = 150 gﬁm i

Scanned with CamScanner




H = 0"?:?
1> Yat Lo
@ fp=Vy
0 ??_, MJ____. \H}_
gy
vﬁ.)]: C}?,EI !H
W,
. opnyefixf62 |
2 I?*L’JH mll’j a Ev;"
e—u, — )
; = Yy—2
L':JT[«_Q, g*ll-d.ﬂ. bjm gmga bud D
-[': . _.J_\" ,__.lll_'i{g— 2z 064
Ondt = vn * 1§ 3y
2 o 2tnTg.gy = 32619
W Tie Wheel, Vwm&naiﬂ. ot ikt ia O
-V [1-£3% = 0.77Y
ﬁﬂn Q - Fb:.'—ml =1 _1_3'.54"5'[&

 — Q= tanto.##y = 3% 4’

Scanned with CamScanner




V;ﬁu Diameder gj Dl ot dnlet O)
U‘l zﬂb;”

60
D, = —b0xth . M- O 40474,
0 3

AN K x50

(iv) ”"‘L‘“’&f to whedd of iulef (B))

Yoo SF 148- 25

WP W P
7 WP WH M . 1000%9-8ix Bx #.62
1000 1000 1000 B
q,2 14845 . 14%.25
HOOXIPIN QA 62 T Q. 21X QXT b2
+E6E
= & B4y mYs
@ 2 ﬁ Dtr%ff\vﬂ

7 264 = K Aohouy (B XII-739

> B 2 A &44
KX 0 4O4%X|] L3 9

2 0172 m

Scanned with CamScanner



= :
r M@m Leu‘ﬂrﬂ* uda o fnﬂ«l*‘ﬂb%hbmﬂ

; ijc %rmﬂ Coi mmmm%wmum
{uslloine. Tm Wk gu}; gwm Yo xezowgin @ olam b weds 1o

Pakd Uﬂl&t&(f. s }D.l

Main Shaf Operating Ring

/
\ / Water Guiding Device

Spiral case
o

Guide Vano

Drait Tube

Francis Turbine

mm mmmm : ,omwwwm}%%
obikias o Vbl blads Shoild Mao in o i anis
M@meWﬂzém

m,chmmg fswﬂwﬁwﬁ"ﬂd

S

Scanned with CamScanner



ﬂavm m«a!émah Vm%% Frantiy fwnbm

3 Gaidll Yoy (wa v ]
00 o ;& an {fdm?c Lein ;i‘
%memm dez;u |
W}‘meaﬁamw ;fu%uxw
wﬂ%ﬂlﬂé IWM ddmm?ﬂﬁm%'

hgyy by wetex iy ondl tu ggiwd o4
e s.m# t0 Wfagwwwﬁfrg

2 e o ka1

e fil m ﬂ ﬁabe o fxfzﬂ,
" ”‘m wf

Ty oy m a,z, me

Scanned with CamScanner



= il

. )14 @‘Z___ﬁfl_g_{wi %ﬁfﬂ?{g; , |
 Tre W lon wle W Auwbie Vel Cosl i
Wﬁmwmwyﬁmn% @

' - The velafe Cai A N olumtny fo muntain 24e
Aosicy by =
. T Stalismy blasky Mﬁfﬁé[d’f‘mzﬂgﬂm;w

dminatn \Hhe Ot Verhss.

. The ouisle Aolaolss olodvumines g By i
im ol clnd sl sl 4 w;
tuwthint sk

A

Scanned with CamScanner



—7— —aT

A kﬂu’ﬂlﬁ -'{,sdﬁ“u: .[.,,\ﬂ'l an @nh)ml
G iy etk onlex 2 hend r}/ 7608

ooml L mtial Vﬂ/ﬂr‘hﬁ/ ? Ji
sl o ol 507 5l
? &/f m%fﬁ 2hikin s

PIM!ME 148.9¢ Knl POUNK:
Te ¥ sephival q!c.nhj = 0R6 xfﬂa
af il L {1451&?} The
f.u Dbude  LoMes j’}& Fuhlng 03 £R7
urm mmu W Nhdol: dugﬂ ofw)wwgz

iy g whal vane 32948 of

) Tha quinle ool a?la
(D Dt o e ol it 0 L3lh fhe el o 2

A,

mePme Wwiv U = O gsﬁ%’ L 026 XVAXgIRTER = &
Hﬁ%r a(' f{m 01' MM\* UQE “E&T{‘ 9-‘11 0'?5",9-1{1-9“;-51: *

- ISﬁt\Prﬂ

S‘DM\
H{]M :ﬂﬁf-@fmiaim.b&w)?a
P oy o autlot 0o yedieh

Mai‘é 20 W

Scanned with CamScanner



u} I’} . X FI:'-“I‘_—‘:J
R L T :
——a| ¢ $dm)

) Gude piads %ﬁl SRS

g b i.0 0
() T Dbl Vot Gl ot ult?
* bnd. . Vr 190 gy,
V- Uy 1834-3. 1%

© - tan” 0.774 = I

Scanned with CamScanner



U= DN
60

b|= 60x W G‘ij'mq =0 40‘/?’”
AN WXSU

Gv) Wadth @ el aﬁfbxﬂﬁ'(&) .
. A 149-25

. | W P w. P
WP. WH _ PI44
n . TJOR 1000 % 9-91 X Gz
v . |48 25
.na; o —__ . _l482as
L JOOXENNG X *62 T Tamiy 0r7Eg
@: !_L!_E_-ﬂs

VEIX £605 s = X 64m)s

@ - ﬂltsl B, Vﬂ
> & b4h= WX 04047 X B, x 11- 73y

> i@ 2 264y
' - NXO404%x (). Yap 0- 177 m

Scanned with CamScanner



\
Kflplﬂfl Tusboing Kapiau tubine 48 axial f(M SonFion et i s

| oo PM@WM?WM wwmwd
w@%m@w%@mﬂ% MW&;
Mﬁﬂ”ﬂ)ﬁ i Mamyﬂmm
.y
WW%W%@MW%VWMA@%
ﬁamﬂﬁ/ﬁwﬂmwuw&@/ﬁwwwm?z
u%am%mmmammwmm

. mwmmwm@m@wmww

n{}&m Tuwtbing s Suduble %}l @?@ Wﬁ/?@/ et L
. Tg mwpm i@ﬂﬁn Autbine ot |

Scanned with CamScanner



& il Vg ﬂ'f{] 514.9 WW /Qa;zf ? e m %
Whigh oo angl Hokos Mooy on U Wf“ '

’(‘j/ubmd - [Ohin ) /ML!{A gfﬂﬁétff:!?ﬁ ) 2 _
weolon. Jo cello Moy LA fﬁl‘a fo ér.'f‘ Uy M 't'
Vits. — Vel ftd/)'ﬂfﬂ-ﬁ ;(,gl feﬂ; ﬁ“”ﬂ’" ﬂfL{/oaf

Hab il Vamed o Suwtngh ;,-’ fe luthine : The. Humn ?J s Aushing |
hy a %M’ﬂﬁwfﬂu (b s moutod ‘ancl A v
8 i e maﬁwm&mm%@wﬂ(y&?m&

# meimun fibur &agm‘- |
;___},"_r;@ Amsﬁf:‘m a% W axs L wed Lo
st Mﬁm wwiff Ut iwjiofﬂ Loilte Mo
a» f@) dm[/g- 0«

i-.?*'»m;,}] :?f_;@fm Tuxbing:
+Tug uhium poumf inde Yo sl cama&b?w ﬁ‘.ﬂ/ﬂﬂyﬂ‘w Tie Car S
WL el e orbin etn s,
. Tian witn Seasll Lasing Ko quish veses % % .4l
St o outs - ”W“W”Ma{,m&fmm

outos 24 me,wmw

Scanned with CamScanner



T
e —

Bt o wufg b ol s Pty oy

e fen/&wfwfa oud / U@ Lady ¢,
tuwbine f!mﬁfo 240 il nggy n?

- e xetaty Ho ggbitin
the xwver bladly o3 oln gy &%?ww@aﬂm

b &é%f{f"wﬁ”ﬁ%ﬂm&:ﬁ@_

4

Scanned with CamScanner



QA Knlolmﬂ Kothing wetkng nden Kool 0 g du/_g%
Shat Dower . T sulon cldmelor 8f JA9 Twm L 35 o, 78
Mo dismedon 1-75m. The & by blaale ol of ¢ wrte *

e e b @95 The /ﬁozma ol Gall o

o e dwbine axe 897 ond 84 m/oﬁaéw?% 2%

o Whisl iy zxe ot eullt, defomon :

Seiyen

Haowl H = 20m

S Pmﬂﬂl S P INFRL kW
Outr olomete ?W\Df i

s olamedo D= 1 ¥5m
Guds. blasly ogle > 45"

Hbwabe M e 847
GUWIL( #M"% "!Z 247
'?Zﬂ =

ﬂ':
3-P
w: P

WP . Trgx QxH
W- P — 1000 B ""Uﬂo

Scanned with CamScanner



1000

R (

s N#ge HI000 (" *=1000)
1000 X ¥:9) X Q20

Q“ J?JJK!UGU = 1429 m’s
T B 94X 1000X T80

" ._'f;_r- @%i"'_ DJD’{ Vﬂ
p Fhas s T (g 195 d0u X (10353062

5 Fl-a’¢ 2 7216 Vg

S Ve H-b4as 9 s

'_______—z.-

736
| - s Yo
W VM? f}u y A %:
V = MGI _ q? = -—?- =
) r = e 0.7 /H/é’%
(@@bzaw&a Eﬁ'wﬁ )
va, ou, B
ﬁ C?H C %ﬁg
087 - I‘f MIMM
| 98 X A0
| U 089 x38x30  _ (4-3 m/s p

Scanned with CamScanner



b3 R Vi ma{m ob Inlh4 sl of e Oebrome ¢ :;_E;.‘ﬁ |

to e
’({Jﬂﬂ@:—Mg‘—: .—3—?%—- =503

Vio,-u,  1414-13

Q: m—"5U 3';.5,??’
Wetys gy mls + 4=
'é

- From  outlt Yplput ém?ﬁ foun ) = 'y

U =~ Tag;

gﬁg o211 - 39 035

(i) Sf),eagf % Lt ;’4(?/10@? f%y ﬂ'{’,:: f{{: )’)‘?C;M .

R-3] = 7T X3S XN
60

SN > 60X 4.4
S50 66 43 rem..

Scanned with CamScanner



&ﬁ‘- T 0 mathies Whith conunt AL Methanisaf gy

into kﬂdﬁmke e calld Pump
mwmaﬁ%nf JBL g mushasiosl "%‘l i tomuchd ufy
Prdduy ongys :mam Mﬁ on 14 Jlaf
w@mmﬁmm M T sl
me oM Q) o mm ? on ﬂuom’f?
) B i ;tm ﬂdﬂfmﬂf g

mmm k7 aamf i p m PMP s W<M
wmﬂw Pmcj? inolusrial PM '
Ma.m pots o Corbtugal pump ;
e flhay otk ok g b o

[ .meﬂbfen

Q. Capling

ﬁ‘ Sunlin P;{IL U:Md[{m} Vol and o < Doty

4 w% Pipe

Scanned with CamScanner



Q_w__@fma@“’“fi—ﬂ
Pl T Ly s s et At il
'“'&@ WQ e L&M PuM]O Jé
anumai‘mmp J} Yo mathpsial outy D Lo ;

PUdue s o on Lt g
" Aﬁﬁﬁw z ?M‘ﬁ i{jwp‘j;ﬁ T ol
me oM 0 0 ey g}} o mmﬁ )
T Hho il ) i i ﬂdl JMM "
dﬂ;l% j{:mf i MfMP WC@*

Wbl ptor ptfmt) inolustrial , péwer L ,m»d.d Petngduwm, il
Chamad subitol okt J

Nn.un Posba 4 Pumpd ;
o aM,wj? aﬂj«fhﬂ ﬂu?f)m ﬁi wﬂmﬂ il
£ imfﬂﬂeﬂ
& Casling
& Swlign Pt wilha JM Velue and o € braings
g ‘wa? Pipe

A _

Scanned with CamScanner



’Iiﬂfw :mm‘ab:?pmt?a JM”W\
el MBJQEU&M@#WM caued vopey. 7,

i sl s o
o ledrt Mglon

) u_,lmiu“'! The C dlﬁf ‘ JPWMW@M,,%

f{nﬂfM i&x‘ mwf’mmﬂﬂwa

&maﬂd} m olon Clschtgeol ot By 644
I %%wm

mfoﬂn&tﬁm @W@fﬂmm& WW

(a) UM Cou

(%) Vel Coting - me fjm&m %m%l

gwwm,mmagfw

Scanned with CamScanner



! g \
DELIVERY ;
PIPE |
: |

| , DELVERY
| VALVE |

s~ PIPE

.......................
--------------

| _FOOTVALVE
T A AND STRAINER
T i

Main pants of i centrifugal pump.

o) Vot '_:?ﬂ CMulod) Champey inlreducsol botuein 8
g Qo W/JJJ[M b Sutun o f oAl Afﬂi cwx b Hngunag
m W duly
Zf&,ﬁm{w udw:éa( ﬁﬂ 4 L&nmfvmb(e Mm #_;;___;
Yo w W velule ¢ 43;67 Fr

(¢ Caing ity sl Blody: /Ja&imam A/ mww’ﬂe w}ﬁé@
4 Anbugn 25 O _I

Tha Mvm:m{ mwam?wm ﬂ”

W oty g vy welhgal ™’ Stpek

wf;n ke, ond 6} enéﬁ i ]ﬁifﬂﬂ( a}fae Lower ot '91 _
L sution PP A adgipn i ola #M&fﬂg&t&yd‘ﬂmm

Scanned with CamScanner




b Do ﬂﬁ/@f”@ﬂwwg@ﬁw@\\
{le M}DW W"Wﬂ%ﬂﬁmm W bl

fousn o culivey P £ /m?&
st o Cobrigd Fop

-
.-mu‘ alf)wﬂPWiEA&ﬁwf% o ol g W Jlish ki ke,
Mpﬂmw&wmb MW!@MWM

mmmm
R oty tldiy , @ ewn chpy s Y
ij’}%ﬁwm;@m Wosum) e yhdne Wﬁ@/&w
&m&u;ryy WMJmﬁmpr:@@wmsz[[gl Mfy?
: mmmmmmmyﬂm?ﬁ 0 ol Sbuky do blagy
émzmpulaﬂ
‘ Ma@mmﬂmmﬁ&mm&mm&@
| %‘”‘%W

waﬁ? oxpund| (F

. fw &zam in Uy duetion & it g,
a% Wm i /J,ww ,j
¢ MMZM(

'wal f&éwfﬂ éfu? e weler Ht |
Mﬂ?ﬁﬁ%&d&fﬁ%%ﬁ V%&W ‘

2 ﬂwuﬁ &ﬁwﬁﬁ Vdﬂd«% it o sotaly e

4

Scanned with CamScanner



IMPELLER AT
OUTLET

TmGENT TO / ‘§,~“
én
5

TANGENT TO
IMPELLER AT\ 3
INLET ’

imﬁwm m&xmﬂﬂ* at '
Y- Absolide MJJW@*W

() ot inlet Wi
WM% Malips ?

4.4 ma-dﬁb
aﬂﬂww
@M&MM&{J Mma}mw

s e impallo Dhih muns Ao ohsdite v
%ﬁﬁ ﬁmw bw JMJ ovﬁ;fz;ﬂ ond| hncq a?Qw 90" a "*}

oF sk witn 1 m

Scanned with CamScanner'



. A.{jgﬂiﬂ-‘? a FM}O 9 Hﬁmyﬁ &gl ﬂﬂiﬂaﬁ Mﬁfiﬁ‘(!z@d W\
;tmwf@
. phled sz,m(y pw Setond/ = L [ Vg o, — ]/“’1'2 @

. wok diae by o inpellen a0 Yg weter por e pin. i wajg/
it S ;JAUJ pu Sltgul = - [100k dlose in 00 ? Autbing ]

: h@ G’WJHI “Vmiui)]
: (7!‘[%&”&’ VMHJ
Fysh o (Cweo)
UMM}:%?W{)W@M a0 o ol « M
@ &
W Y- wy LMM 730
8 uﬁ?m\@r /

Q- ﬂmxm&ﬁ%f@u <D 8

2 ﬂDﬂLBﬁ}/;

ol 2, ol B wdb of ot ikt ol
5 5

Scanned with CamScanner



diee. T

Dby § Huds o gt § « il P

S Hool () 2 o e veokint hoigt o Ut Qb L
ol pap . abue i s b i et ook 1 pug
Dhish 1he wely 1 20 b «{r#ﬂ- '

3 Dbty tund (1) e viphiond st bobn o tundie s ol

3 Ml’.ﬂg’?—w_aw? w W@ﬂdﬂﬁ W& Wﬁr
Stadie bl . ?

k. H = Aa +hy ]

 ouss ke e manehe i e e
%Wmmﬁmﬁ@zpwmmm. |

B)  Hy - wwmwb&mmyd&mm-@ %zwm

Vﬂ: ";“&@ymﬂmM

Lh) Hm 3 Tﬂé'd.l

;mf T ozl (k. 7
W”* RS Tziif& ")

Scanned with CamScanner




B G - ._

i M(M?C)Fl?w M&{Wﬁ’mf)wfc W \
! — |

Y bty b of autietof
L

T ~
__@*,__\_/L_J % s @;ﬂwﬁ oty ?mem&wwm

(| ok e w?z ls pump
(&) |Hn = %ﬁlﬂdﬂﬁ bhe, + Vf“h
4
G

Whol h_;=5utbbﬂw , hd;wﬁw |
Ny = Prictanad hupal dod i fmﬁm/of?;igig&:ww@m
V= Ve,@ﬁg ? wuty mdwe)&, pipe | dﬂéyg&’ﬂ{%
5:%%%_h a/,f__wy ;
L0 Vianomefie Shtisnty, Mgy (b ) Methoite! W 7,

A
Scanne d with CamScanner



(o) Nungmbsi %_@;ﬁ? (). T2 10k %M Maneslies huny
Yoy . Maomti Jod
Howy| ”?M bdwfdﬁﬂ 4 wott

T udio o) e power gven 10 wutee oF autbt o o f&
i e pl e f 2 gl & foh|

pop e

10
Y
; ?x W U,
J9 Him /00D
Mpgn= L2200 I Ha
E_r%" %iui |
d 4

Scanned with CamScanner



*"""""EHEI:
r[b) M!.sum:féf . pawer o e

punp b 16U waaw ZK m;:%l
%{w Canbu(l’\? pwamum&mﬂﬁﬁ@b

M /

000
= U l,
- ﬁ (00D
7 W/ ay.)
2.+

éﬂf)ﬂuwﬁdd It Iy ot -
Y. 7% ¥ Pt g da oy
p we] M/&Ifﬂw/pwfm#ﬁ Wmﬁﬂ_&
= Wi

P it ot punp = e WMW@WW
2 £~P@J[ {&f,ow?o

725: M)“’rﬂ

(000 _
3P

[ Ton < L] :

Scanned with CamScanner




0. Tre indownal ool wedeun. diomebu ?f U el ”7‘7@@1 oL,

ol punp 1 200ns ol s W&é -

cu! 1200 1pi- Tt ’LW.

Bw'ld( e A0 amd &0 rior Iu? Waler M:ff)ld _.-_::_-ﬁ. ;_
¢ sodi Vﬁjﬂﬂzlﬂ 4 WM Dot

“t tie fJﬂUx
Sel :

_..__....—

WW%WPM D, = &00m0 =0
Exlonal Okamed QA{WT‘GM % = 400mn = O-4 m

waal N - L R00 Tpm
of it 9= 20
Vor. mg(n ok out, ¢ - 20

Scanned with CamScanner



|l

“Tmaudmﬁ "Lfalﬂéiiq,’ Cj uwfaaﬂr gﬁmw

u‘\r: WD’JH
—_— e Wil
60 Sop e IRS6 ml
U‘-L: DN
60 ) Mo—é%iﬁﬂﬂ = 45 :&m/g
?TWM%W@”@ %ol %
4, 12-56
r : |1 56 tang .

;‘2‘ 55 XW '?aa;éds%
%i‘ Vo = 4-5¢ )

m? m?za tang - __‘;__ 4.5
= 3-';1.{.
L{i-. i ndy Q5

Vh}ﬂ: TRl ?"915 = f';’D?J'S m}‘s

T ok Olore b(? ;‘Wgﬁmpﬂ?ﬁ(m@ﬁ%w

> @, 17. 415 X 35 -
LU
(7 ko gy,

[ ‘
Scanned with CamScanner



. #Fq.‘\'l' ﬂ'll;iqp“
l (P, s Frus; :‘b‘ o
| hﬂﬂ{:ﬁ -
d !

Reppalig Funp Yo

:.E;FE*_*J&_LJC;E_LL.HP Qf g mithonital % A ety Infg

E%‘m (0 Py wm) b(j &Mﬁ Al j%,( inty 4 M

o in b iy Cog s

i s b b an Ly o g 14

£ | |
%(‘wa %) U Pcw}o i o o MM{?W

1A %Laa/m Wil o phlen, Diston s, ©nneting gl 4 oy,
9. Sutbis @ffm, ﬁ

3 Dali ‘?:faa.

A ewh;?vm.

5. -’Dzm%] Ve . __

Maty parts of a reciprocating Pranp

B |
Scanned with CamScanner



"_...-—"'—

wwc% of & ipuedin Pp: p i i
; _fp Ny sr; tipipent /)
| ﬂ _— ﬂmwﬁ Jﬂ.ﬂ Mfdﬁé@:z

i upeaint mfm Js ﬂbfmm(,b rvels Mﬁfo@,@ﬁ
vl 10 L 3%%%@;«44&& M

,fhﬁ@wmm&dym an et moor.

. Qution omd D [J?Oax MWMMKM,(M Smafmg
Maw&vmw_ Lomaptul 0. the

G Veuetion wl dilivery Vadwes oo nen-Telusin Vadve , tihiph
ooy A Water Lo in one dituedion

) e bk Stants ot fwmﬂfocoe gm@g,@
ﬂ@_;owf&ﬂ&id%m Loty Sught in L

. Du 18 U Mgt /Dm Zorowl %Wommq
paﬂt&ﬁﬂvwwﬂf

EMJ?M? wéummmwm%mww

A;Zm bl . gl n Sl 30 g S
 Hue 2he Suslion uhue WW@MW&@M

- Wm Luank b selads Cﬁﬁ@zm@wwmw%
Pipfon mﬁ;z Apeomnls Hug

i?k %ﬁ«ﬁfeMM
fmww@:ém mw WWW@
ﬂﬁm JigialCanoit ” - WWWWM
Valve @ Cloded
Tﬁﬂ%&d info the ligny ipe wwﬁryga mym%

ned with CamSca




l Dﬁﬂhm_({}ﬂ TM%E a %{JMWU&_M{J "’1‘;
Lot wy (onaialen o % MUW%?WM SW&

Lt D= Dinmiton o{ the Cylinaln,
A Guon. Wﬂm@}ﬂ@pmmww

:'ﬁ‘D

l"%@f
N = rpmmfikfm
L - ulﬁbn@fﬂd Lhsky = 4
%MM%WWWM&%W%
m%wmmwmmm !

“M%wmd@w@wmmﬁam

(Dmthal?f,@fvmﬂe}? in one mm&jw A@M%?%
xL

Nm%meaWJL

60
m?aﬁ{,ﬂm pw}p@v:
Q- (Dwﬂhmﬂfém wmmfmﬂ voldan
-A;{Lxﬁi ? /Q’“Q

2z LN
50

Scanned with CamScanner



! b.)ﬂiﬁ“ W= faﬁ 41 = ngL;V
&0

[ Ir:) e : f ‘J
o tlgre by Rty hp 4 I umfo:
}ﬂﬂ__ﬁf r\‘] s f""—'" Q?*""l ﬁ"

ek Qs g Ripalg Punp P el it
- PO Sty
M%? fm%%%%@e%
2 h)x(ﬁjﬂdj — 0
Dbz Uy - Tl M?Af myﬁé Whizh 1ot ¢ W
W (waght) = 19 x ALY
g s
gmwﬁ}ﬁ Hha  Valut %mm W@@D@/M

UJW M PUI Sitony| - —%(ﬁsf@)

- Poun spd Ay dive bt pump i KN
P- Wok o por e g e tho,
1000 10tl000

. PIx ALy Chthd) kg
G000

4

Scanned with CamScanner



: ; o 0i jn : /. M "

- Wion Hww Iy Sukion bk on ene Sisl ? s 79,&/@,

Scanned with CamScanner J



'7 D= Dt of Y pistan DHUBE g Mﬁf;éw? fpm; N\
o= Damidor ? t Pistan sgol
z AM ol GV -.Cr'ﬂ-& ? lfﬁf (P!d(ﬁﬂ [ﬂ}= grﬁg_

(il ﬂff ) e P ,
Pous. o 0%ialy rf;L pm(fa)_ﬁzﬁl_gdt

(e pistan vy

(DW ?L rr mﬁffﬁ’n&ﬁﬁwﬁ::jw

A DS Ty e
[:,r fTCDEdgfirﬂ_
60

@J?‘d’wdméﬂ of Y islen M&%‘mﬂ

@MW%W/WM,W i lon £

Vi o puop po <o 0- (042 )Ly

: ﬁx.}ﬂ‘x}_ﬂ{ 2 24LN

0 g

WOK (o by dogbole oot Tatipnceatinn Pund - 1,
q WlpLAt) ) = Wyight oy tntan
[mp ﬁwyTﬁ@M

> 14 KMW@WNMWJ

Scanned with CamScanner



B k)

r—

@ : &fax% XC‘U’H%O}

IR

(P@NE}‘I mﬁz“mﬂ{ :EQ dﬂWQ th W-‘m’l&
ow in KW C_P): Wolk dene PO Sespn
000
: ALN
4 5 Uen)
(000
. ;fjgmm x@fm
60, 000

Scanned with CamScanner



[Agﬂﬁ’mﬁmﬁmﬁf de;@n , clodiwers 0.0
The D’Jalﬂﬂ({M ? e Pioton i 00 mm W&M ,&7& 400 ma.
Qé)m:wtﬂ

() The theretics! O&Adm%?a ez( i Punyp
(i) (8- @)fﬁcceu‘ %

(Jii] !:J:;) GUIO{ L f@mﬂfﬂi 55}0 7 —fdﬁ/ﬁar?&

ol of B0 fonp  N= Oy
hedual U&OW @a@f > 0.0 m/s

Dia. %{, P;m D= ADOnn =0-Am
R b A - __'f_jr_ (6" 0.0314/gn°

© Aokt [.= HOOmy = O-4m

o) Tragmbical duchtzge }!@a%& ”ﬁ waﬁ?@w

Q= ALV _O08/srosusn
é0 60

= 0-0104% n7<

(1 @W?&W = Gt . o0 s
a,, O- 0047

L)
W) Sbp = Q),- @m 0104¢ — -0l = 0-00047m’c
A O _ (oowuz-000,5p » 00004 4100 = 4-4g9
P o K0 (0-0l041) F 0-0104¥

Scanned with CamScanner



‘ - ; quning of 401 b Chathorsgyy ,
I .ﬂdmb[a mﬁa %bfaw)‘/ﬁ Puﬂ}ﬂ; wmia ?‘?*’-ﬂd;
_ N A
@{l fofdiﬂ FE; Min .« T ’pt.wy" hab a St ‘}'f 100 K Olgmey
ol Culio A
Thil {Jﬂﬁi@ﬂ B Qcomm. T oty angl Suttibr Jopl e A0m ond 5,

; TR ITIE
it vty fioal dl Slp of " ounp ontl puste teguairesl 0 dbie

1 Pw‘r}g

’@’&1 " N= 40mpn

Aediat diau-wf?ﬁ,, G, =1 Omn = ?f'ﬁ 1S 2 0-01664 m¥e

Sk L = hogme = O hm
Dfm 0?, PJD?IM '{D) = App mm =0-4m

Pua (AT D % (02)" - 0.001416 m™

Sw{fm w ; he = Bm
‘Ddfwa hepgl ! = 40m
hegutial dmmﬁﬁ f?" Ot adma purp & s %7 (§)- 2ALN
60
= SOOI g = 0. (g7t
60 |
Powtr sl 1o thit mwa-mgwp (P)- 2 pgx AN Girhy) '
£0000 o
= ﬁm:ruuxq.ﬂm-om:a“meﬁficﬂi
40 000
= 4.100 kW

Scanned with CamScanner



Pneumatic Systems

1 Pneumatic systems

A pneumatic system is a system that uses compressed air to transmit and control energy.
Pneumatic systems are used in controlling train doors, automatic production lines, mechanical
clamps, etc (Fig. 1).

/[ gr - g- -‘

»x;.-multl

(a) Automobile production lines (b) Pneumatic system of an automatic machine
Fig. 1 Common pneumatic systems used in the industrial sector

(a) The advantages of pneumatic systems

Pneumatic control systems are widely used in our society, especially in the industrial sectors
for the driving of automatic machines. Pneumatic systems have a lot of advantages.

(i) High effectiveness

Many factories have equipped their production lines with compressed air supplies and movable
compressors. There is an unlimited supply of air in our atmosphere to produce compressed air.
Moreover, the use of compressed air is not restricted by distance, as it can easily be transported
through pipes. After use, compressed air can be released directly into the atmosphere without the
need of processing.

(i) High durability and reliability

Pneumatic components are extremely durable and can not be damaged easily. Compared to
electromotive components, pneumatic components are more durable and reliable.

(iif) Simple design

The designs of pneumatic components are relatively simple. They are thus more suitable for
use in simple automatic control systems.



(iv) High adaptability to harsh environment

Compared to the elements of other systems, compressed air is less affected by high
temperature, dust, corrosion, etc.

(v) Safety

Pneumatic systems are safer than electromotive systems because they can work in inflammable
environment without causing fire or explosion. Apart from that, overloading in pneumatic system
will only lead to sliding or cessation of operation. Unlike electromotive components, pneumatic
components do not burn or get overheated when overloaded.

(vi) Easy selection of speed and pressure

The speeds of rectilinear and oscillating movement of pneumatic systems are easy to adjust
and subject to few limitations. The pressure and the volume of air can easily be adjusted by a
pressure regulator.

(vii) Environmental friendly

The operation of pneumatic systems do not produce pollutants. The air released is also
processed in special ways. Therefore, pneumatic systems can work in environments that demand
high level of cleanliness. One example is the production lines of integrated circuits.

(viii) Economical

As pneumatic components are not expensive, the costs of pneumatic systems are quite low.
Moreover, as pneumatic systems are very durable, the cost of repair is significantly lower than that
of other systems.

(b) Limitations of pneumatic systems

Although pneumatic systems possess a lot of advantages, they are also subject to many
limitations.

(i) Relatively low accuracy

As pneumatic systems are powered by the force provided by compressed air, their operation is
subject to the volume of the compressed air. As the volume of air may change when compressed or
heated, the supply of air to the system may not be accurate, causing a decrease in the overall
accuracy of the system.



(i) Low loading

As the cylinders of pneumatic components are not very large, a pneumatic system cannot drive
loads that are too heavy.

(iif) Processing required before use

Compressed air must be processed before use to ensure the absence of water vapour or dust.
Otherwise, the moving parts of the pneumatic components may wear out quickly due to friction.

(iv) Uneven moving speed

As air can easily be compressed, the moving speeds of the pistons are relatively uneven.

(v) Noise

Noise will be produced when compressed air is released from the pneumatic components.

(c) Main pneumatic components

Pneumatic components can be divided into two categories:
1. Components that produce and transport compressed air.
2. Components that consume compressed air.

All main pneumatic components can be represented by simple pneumatic symbols. Each
symbol shows only the function of the component it represents, but not its structure. Pneumatic
symbols can be combined to form pneumatic diagrams. A pneumatic diagram describes the
relations between each pneumatic component, that is, the design of the system.

2 The production and transportation of compressed air

Examples of components that produce and transport compressed air include compressors and
pressure regulating components.

(a) Compressor

A compressor can compress air to the required pressures. It can convert the mechanical energy
from motors and engines into the potential energy in compressed air (Fig. 2). A single central
compressor can supply various pneumatic components with compressed air, which is transported
through pipes from the cylinder to the pneumatic components. Compressors can be divided into
two classes: reciprocatory and rotary.



(a) Compressor used in schools (b) Compressor used in  (¢) Pneumatic symbol of
laboratories a compressor

Fig. 2

(b) Pressure regulating component

Pressure regulating components are formed by various components, each of which has its own
pneumatic symbol:

(i) Filter — can remove impurities from compressed air before it is fed to the pneumatic
components.

(if) Pressure regulator — to stabilise the pressure and regulate the operation of pneumatic
components

(iii) Lubricator — To provide lubrication for pneumatic components

Pressure % Lubricator
regulating @
component I T

I

I

Filter

Filter Pressure regulator

o) ey

(a) Pressure regulating component (b) Pneumatic symbols of the pneumatic
components within a pressure
regulating component

Fig. 3



3 The consumption of compressed air

Examples of components that consume compressed air include execution components
(cylinders), directional control valves and assistant valves.

(a) Execution component

Pneumatic execution components provide rectilinear or rotary movement. Examples of
pneumatic execution components include cylinder pistons, pneumatic motors, etc. Rectilinear
motion is produced by cylinder pistons, while pneumatic motors provide continuous rotations.
There are many kinds of cylinders, such as single acting cylinders and double acting cylinders.

(i) Single acting cylinder

A single acting cylinder has only one entrance that allows compressed air to flow through.
Therefore, it can only produce thrust in one direction (Fig. 4). The piston rod is propelled in the
opposite direction by an internal spring, or by the external force provided by mechanical movement
or weight of a load (Fig. 5).

bronze filter for
consumed oil  stopper spring pistlon

Fig. 4 Cross section of a single acting cylinder

AAN A
S
VV V]

Fig. 5 (a) Single acting cylinder (b) Pneumatic symbol of a
single acting cylinder

The thrust from the piston rod is greatly lowered because it has to overcome the force from the
spring. Therefore, in order to provide the driving force for machines, the diameter of the cylinder
should be increased. In order to match the length of the spring, the length of the cylinder should
also be increased, thus limiting the length of the path. Single acting cylinders are used in stamping,
printing, moving materials, etc.



(i) Double acting cylinder

In a double acting cylinder, air pressure is applied alternately to the relative surface of the
piston, producing a propelling force and a retracting force (Fig. 6). As the effective area of the
piston is small, the thrust produced during retraction is relatively weak. The impeccable tubes of
double acting cylinders are usually made of steel. The working surfaces are also polished and
coated with chromium to reduce friction.

piston rob air inlet piston air inlet

----- & —hal o

Fig. 6 Cross section of a double acting cylinder

(b) Pneumatic symbol of a double

acting cylinder

(b) Directional control valve

Directional control valves ensure the flow of air between air ports by opening, closing and
switching their internal connections. Their classification is determined by the number of ports, the
number of switching positions, the normal position of the valve and its method of operation.
Common types of directional control valves include 2/2, 3/2, 5/2, etc. The first number represents
the number of ports; the second number represents the number of positions. A directional control
valve that has two ports and five positions can be represented by the drawing in Fig. 8, as well as its
own unigue pneumatic symbol.

5/2

N

The number of ports  The number of positions

Fig. 8 Describing a 5/2 directional control valve



(i) 2/2 Directional control valve

The structure of a 2/2 directional control valve is very simple. It uses the thrust from the
spring to open and close the valve, stopping compressed air from flowing towards working tube ‘A’
from air inlet ‘P’. When a force is applied to the control axis, the valve will be pushed open,
connecting ‘P’ with ‘A’ (Fig. 9). The force applied to the control axis has to overcome both air
pressure and the repulsive force of the spring. The control valve can be driven manually or
mechanically, and restored to its original position by the spring.

| A Working
Tube
I [
T
P Inlet
Fig. 9 (a) 2/2 directional control valve (b) Cross section (c) Pneumatic symbol of a
2/2 directional control
valve

(i) 3/2 Directional control valve

A 3/2 directional control valve can be used to control a single acting cylinder (Fig. 10). The
open valves in the middle will close until ‘P” and ‘A’ are connected together. Then another valve
will open the sealed base between ‘A’ and ‘R’ (exhaust). The valves can be driven manually,
mechanically, electrically or pneumatically. 3/2 directional control valves can further be divided
into two classes: Normally open type (N.O.) and normally closed type (N.C.) (Fig. 11).

R
S SIS
G2\
/ <— A Working
) tube
<+ P Inlet

Fig. 10 (a) 3/2 directional control valve (b) Cross section
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AN, AW

(a) Normally closed type (b) Normally open type

Fig. 11 Pneumatic symbols

(iif) 5/2 Directional control valve

When a pressure pulse is input into the pressure control port ‘P’, the spool will move to the left,
connecting inlet ‘P’ and work passage ‘B’. Work passage ‘A’ will then make a release of air through
‘R1” and ‘R2’. The directional valves will remain in this operational position until signals of the
contrary are received. Therefore, this type of directional control valves is said to have the function
of ‘memory’.

work passages

i 5
Oy }
3 g 1 \ /
e o
R2 P R1
air exhaust inlet air exhaust
(@) 5/2 directional control valve  (b) Cross section (c) Pneumatic symbol

Fig. 12 5/2 directional control valve

(c) Control valve

A control valve is a valve that controls the flow of air. Examples include non-return valves,
flow control valves, shuttle valves, etc.

(i) Non-return valve

A non-return valve allows air to flow in one direction only. When air flows in the opposite
direction, the valve will close. Another name for non-return valve is poppet valve (Fig. 13).

Fig. 13 (a) Non-return valve (b) Cross section (c) Pneumatic symbol
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(i) Flow control valve

A flow control valve is formed by a non-return valve and a variable throttle (Fig. 14).

Fig. 14 (a) Flow control valve(b) Cross section (c) Pneumatic symbol

(iif) Shuttle valve

Shuttle valves are also known as double control or single control non-return valves. A shuttle
valve has two air inlets ‘P;’ and ‘P,” and one air outlet ‘A’. When compressed air enters through
‘Py’, the sphere will seal and block the other inlet ‘P,’. Air can then flow from ‘P;’ to ‘A’. When
the contrary happens, the sphere will block inlet ‘P;’, allowing air to flow from ‘P,’ to “‘A’ only.

—6

V

Fig. 15 (a) Shuttle valve (b) Cross section (c) Pneumatic symbol
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4 Principles of pneumatic control
(a) Pneumatic circuit

Pneumatic control systems can be designed in the form of pneumatic circuits. A pneumatic
circuit is formed by various pneumatic components, such as cylinders, directional control valves,
flow control valves, etc. Pneumatic circuits have the following functions:

1. To control the injection and release of compressed air in the cylinders.
2. To use one valve to control another valve.

(b) Pneumatic circuit diagram

A pneumatic circuit diagram uses pneumatic symbols to describe its design. Some basic rules
must be followed when drawing pneumatic diagrams.

(i) Basic rules

1. A pneumatic circuit diagram represents the circuit in static form and assumes there is no
supply of pressure. The placement of the pneumatic components on the circuit also follows
this assumption.

2. The pneumatic symbol of a directional control valve is formed by one or more squares. The
inlet and exhaust are drawn underneath the square, while the outlet is drawn on the top.
Each function of the valve (the position of the valve) shall be represented by a square. If
there are two or more functions, the squares should be arranged horizontally (Fig. 16).

()ullel—\ [
N7 il

T
Inlet and Exhaust —— Airnput—"  \——Exhaust
Fig. 16 3/2 directional control valve Fig 17 3/2 directional control valve
(normally closed type) (normally closed type)

3. Arrows "\ " are used to indicate the flow direction of air current. If the external port is not
connected to the internal parts, the symbol “1 ” is used. The symbol “(©” underneath the
square represents the air input, while the symbol “\V” represents the exhaust. Fig. 17 shows
an example of a typical pneumatic valve.

4. The pneumatic symbols of operational components should be drawn on the outside of the
squares. They can be divided into two classes: mechanical and manual (Fig. 18 and 19).
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(a) Vertical piston lever (b) Pulley lever (c) Unilateral pulley lever
Fig. 18 Mechanically operated pneumatic components

(a) Standard (b) Lever (c) Button (d) Pull & push
Fig. 19 Manually operated pneumatic components

5. Pneumatic operation signal pressure lines should be drawn on one side of the squares, while
triangles are used to represent the direction of air flow (Fig. 20).

Fig. 20 Pneumatic operation signal pressure line

(i) Basic principles

Fig. 21 shows some of the basic principles of drawing pneumatic circuit diagrams, the
numbers in the diagram correspond to the following points:

4)
"r/
|

“J/t: T\ v%m\Ntz)

Fig. 21 Basic principles of drawing pneumatic circuit diagrams

1. When the manual switch is not operated, the spring will restore the valve to its original
position.

2. From the position of the spring, one can deduce that the block is operating. The other block
will not operate until the switch is pushed.

3. Air pressure exists along this line because it is connected to the source of compressed air.

4. As this cylinder cavity and piston rod are under the influence of pressure, the piston rod is
in its restored position.

5. The rear cylinder cavity and this line are connected to the exhaust, where air is released.
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(i) The setting of circuit diagrams

When drawing a complete circuit diagram, one should place the pneumatic components on
different levels and positions, so the relations between the components can be expressed clearly.
This is called the setting of circuit diagrams. A circuit diagram is usually divided into three levels:
power level, logic level and signal input level (Fig. 22).

Power level /\\ /\\ /\\ i
vV V V]

Logic level (Functions: memory,
AND Gate, OR Gate, Delay, etc)

Lo}
N

Signal input level ! 1
(Air supply unit) |: TlT W @Z |7 W
OV OV

Fig. 22 Power level, logic level and signal input level
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The basic rules of circuit diagram setting are as follows:

1.

= W

AN
OV

In a pneumatic circuit, the flow of energy is from the
bottom to the top. Therefore, the air supply unit
should be put at the bottom left corner.

2. /\\ /\\ /\\ 1

VV V]

!

AN
OV

The work cycle should be drawn from left to right.
The first operating cylinder should be placed at the
upper left corner.

=

/\/\/\/I
VVVI

th
AN

OV

Power control valves should be drawn directly under
the cylinder controlled by them, forming a power unit.

!

=

/\/\/\/I
VVVI

th
AN AN

59 s

Control cylinders and operational valves (signal
components) driven by power control valves should
be placed at the lower levels of the diagram.

- W o W

/\/\/\/I
VVVI

th
AN AN

5% 5y
Assistance valves, such as those with logic functions
(for example, memory, ‘AND’, ‘OR’, ‘NOT’, delay,

etc), can be put between the pneumatic components
and the power control valves.

ol
W G

= W

/\/\/\/I
VVVI

20
A4

- \\INO= W

T &') {7 T ég {7
Use the line which represents the connecting pipe to
connect all the air supply unit and the pneumatic
components to complete the pneumatic circuit.
Check carefully the circuit and the logic of the
operation before use to avoid any accident.
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5 Different kinds of basic circuits

A basic circuit is a pneumatic circuit designed to perform basic tasks, such as flow
amplification, signal inversion, memory, delay, single acting cylinder control, double acting
cylinder control, etc.

(a) Flow ampilification

Cylinders with a large capacity require a larger flow of air, which can be hazardous to users. It
is unsafe to manually operate pneumatic directional control valves with large flow capacity. Instead
we should first operate manually a small control valve and use it to operate the pneumatic control
system with large flow capacity. This is called flow amplification, which can greatly ensure the
safety of the operators. During operation, valves with large flow capacity should be placed near the
cylinder, while valves with smaller flow capacity should be placed on control boards some distances
away. Fig. 23 shows a basic flow amplification circuit. Notice how different components are placed
on different levels.

Output to cylinder
with large capacity

Signal

Pressure Line . :
" Directional control valve
|7 with large flow capacity

1

]

| ®
Manual Directional control valve
control Tl T with small flow capacity

Fig. 23 Flow amplification system

(b) Signal inversion

The pneumatic diagram in Fig. 24 shows how directional control valves can be switched.
When operating control valve @, control valve @ will stop producing pressure output. When
control valve ® ceases operation and is restored to its original position, control valve @ will
resume its output. Therefore, at any given time, the pressure output of control valve @ is the exact
opposite of that of control valve @.

Output

aalFANL
| v

0,
=1L\ W

Fig. 24 Signal inversion system
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(c) Memory Function

Memory is a common basic function. It can keep a component at a certain state
permanently until there is a change of signals. Fig. 25 shows a memory function circuit. When
control valve @ is operated momentarily (that is, pressed for a short time), the output signal of the
5/2 directional control valve ® will be set to ON. The signal will stay that way until control valve
@ is operated momentarily and generates another signal to replace it, causing it to stay permanently
at OFF.

Output OFF
®Outpul ON
®
P /‘T i
o Yo
= TIT W = T T\‘ W
oY% OV

Fig. 25 Memory function circuit

(d) Delay function

A pneumatic delay circuit can delay the operating time of the next control valve. Its principle
of operation involves the use of an orifice to slow down the flow of air and control the time of
pneumatic operation. Delay functions can be divided into two classes: ON-signal delay and OFF-
signal delay.

(i) ON-signal delay

Fig. 26 shows the circuit diagram of an ON-signal delay circuit, which delays the output of the
next control valve. When control valve @ is operated, the one way flow control valve will slow
down the flow of air, thus delaying the signal output of the outlet of control valve @ (A), resulting
in a persistent ON-signal. The time when control valve @ will be restored to its original position is
not affected.

Output

One way flow @ A

control valve
LW
OV

SN
OV

Fig. 26 Circuit diagram of an ON-signal delay circuit
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(i) OFF-signal Delay

Fig. 27 shows the circuit diagram of an OFF-signal delay circuit, which delays the output of
the next control valve. This circuit is similar to an ON-signal delay circuit. The only difference is
that the one way flow control valve is connected in the opposite direction. Therefore, when control
valve @ is operated, the outlet of control valve @ (A) will continue to output signals. However,
when control valve @ is restored to its original position, the release of air is slowed down by the
one way flow control valve, resulting in a persistent OFF-signal.

Output
One way flow @ A
control valve
< \
| Q I EL W
0 OV

SN

T
Fig. 27 Circui@ii@ram of an OFF-signal delay circuit

(e) Single acting cylinder control

Single acting cylinders can be controlled manually. However, they can also be controlled by
two or more valves. This is called logic control. Examples of logic control include ‘OR’ function,

‘AND’ function, ‘NOT’ function, etc.

(i) Direct control and speed control

If a single acting cylinder is connected to a manual 3/2 directional control valve, when the
control valve is operated, it will cause the cylinder to work (Fig. 28). Therefore, the circuit allows
the cylinder to be controlled manually.

VV V]

One way flow
control valve

Manual operation \
=1\ W
OV
Fig. 28 Direct control of a single acting cylinder

The only way to change the extension speed of the piston of a single acting cylinder is to
restrict the flow of air at the inlet and use the spring to determine the speed of retraction. Therefore,
a one way flow control valve is placed in the circuit to control the speed.
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(i) OR Function

The single acting cylinder in Fig. 29 can be operated by two different circuits. Examples
include manual operation and relying on automatic circuit signals, that is, when either control valve
@ or control valve @ is operated, the cylinder will work. Therefore, the circuit in Fig. 29 possesses
the OR function. However, if the output of two 3/2 directional control valves are connected through
the port of a triode, the air current from control valve ® will be released through the exhaust of
control valve @, and so the cylinder will not work. This problem can be solved by connecting a
shuttle valve to the port of the triode.

ANN A

L WY

V V V]
Q > Shuttle Valve

(Dh ©
= TlT W O Tl Wl
oY% oV

Fig. 29 Circuit diagram of an OR function circuit

(i) AND Function

Another name for an AND function is interlock control. This means control is possible only
when two conditions are satisfied. A classic example is a pneumatic system that works only when
its safety door is closed and its manual control valve is operated. The flow passage will open only
when both control valves are operated. Fig. 30 shows the circuit diagram of an AND function
circuit. The cylinder will work only when both valve ©® and @ are operated.

AAN A
| . .
VV V]
®1
=1\ W
v
®1
=HEANL
OV

Fig. 30 Circuit diagram of an AND function circuit
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(iv) NOT Function

Another name for a NOT function is inverse control. In order to hold or lock an operating
conveyor or a similar machine, the cylinder must be locked until a signal for cancelling the lock is
received. Therefore, the signal for cancelling the lock should be operated by a normally open type
control valve. However, to cancel the lock, the same signal must also cancel the locks on other
devices, like the indication signal ® in Fig. 31. Fig. 31 shows how the normally closed type control
valve @ can be used to cut off the normally open type control valve @ and achieve the goal of

changing the signal.
OR M

<HH
@.

®
7 T\ W
OV

Fig. 31 Circuit diagram for a NOT function circuit

(f) Double acting cylinder

(i) Direct control

The only difference between a single acting cylinder and a double acting cylinder is that a
double acting cylinder uses a 5/2 directional control valve instead of a 3/2 directional control valve
(Fig. 32). Usually, when a double acting cylinder is not operated, outlet ‘B’ and inlet ‘P’ will be
connected. In this circuit, whenever the operation button is pushed manually, the double acting
cylinder will move back and forth once.

o¥

ShYIIFA
VoV

l)

Fig. 32 Circuit diagram of a double acting cylinder direct control circuit
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In order to control the speed in both directions, flow control valves are connected to the inlets
on both sides of the cylinder. The direction of the flow control valve is opposite to that of the
release of air by the flow control valve of the single acting cylinder. Compared to the throttle inlet,
the flow control valve is tougher and more stable. Connecting the circuit in this way allows the
input of sufficient air pressure and energy to drive the piston.

(i) Single control

A cylinder always has to maintain its position in a lot of situations, even after the
operational signal has disappeared. This can be achieved by the use of a circuit that possesses
the memory function. As shown in Fig. 33, the extension path of a double acting cylinder is
activated by control valve @, while retraction is governed by control valve @. Control valve 3,
on the other hand, maintains the position of the cylinder by maintaining its own position.
Control valve ® will be changed only when one of the manual control valves is pushed. If both
control valves @ and @ are operated at the same time, control valve @ will be subject to the
same pressure and will remain in its original position.

|
|

il

VeV
® @
= FlE W = Tl W
OV OV

Fig. 33 Circuit that maintains the position of a double acting cylinder

6 The application of pneumatic systems

The application of pneumatic systems is very extensive. The following are some examples.

(a) Transport system

Fig. 34a shows a simplified industrial transport system. When the button switch is pushed, the
cylinder will push one of the goods from the shelf onto the transfer belt. When the button switch is
released, the cylinder will retract automatically. Fig. 34b shows the circuit diagram of the transport
system.
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L
VV V]

(a) Operation of a pneumatic transport system (b) Pneumatic circuit diagram
of a pneumatic transport system

Fig. 34

(b) Vehicle door operation system

Pneumatic systems can be used to operate the doors of public vehicles (Fig. 35a). Assuming
that the opening and closing of the doors are controlled by two button switches ON and OFF. When
the button switch ON is pressed, the doors will open. When the button switch OFF is pushed, the
doors will close. Fig. 35b shows a pneumatic system that can be used to operate the doors of
vehicles.

|

[—

| b

LI LI
Controlling the movement  Controlling the movement
of the vehicle doors (OFF) of the vehicle doors (ON)

Fig. 35 (a) Operation of a pneumatic system that (b) Pneumatic circuit diagram
controls the movement of vehicle doors
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7 Safety measures when using pneumatic control
systems

(@) Compressed air can cause serious damage to the human body if they enter the body through
ducts like the oral cavity or ears.

(b) Never spray compressed air onto anyone.
(c) Under high temperature, compressed air can pass through human skin.

(d) Compressed air released from the exhaust contains particles and oil droplets, which can cause
damage to eyes.

(e) Even though the pressure of compressed air in pipes and reservoirs is relatively low, when the
container loses its entirety, fierce explosions may still occur.

(f) Before switching on a compressed air supply unit, one should thoroughly inspect the whole
circuit to see if there are any loose parts, abnormal pressure or damaged pipes.

(@) A loose pipe may shake violently due to the high pressure built up inside it. Therefore, each
time before the system pressure is increased, thorough inspection of the entire circuit is
required to prevent accidents.

(h) As the force produced by pneumatic cylinders is relatively large, and the action is usually very
fast, you may suffer serious injuries if you get hit by a cylinder.

(i) Switches should be installed on the compressed air supply unit to allow easy and speedy
control of air flow.

() In case of a leakage, the compressed air supply unit should be turned off immediately.
(k) The compressed air supply unit must be turned off before changes can be made to the system.

(I) Stay clear of the moving parts of the system. Never try to move the driving parts in the
mechanical operation valve with your hand.
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Appendix: Pneumatic components

There may exist differences in appearance and sizes of pneumatic components produced by
different manufacturers. However, the functions and operating methods among these components
are similar. The following are the pictures and cross section diagrams of the pneumatic components
made by another manufacturer for your reference.

1. Pneumatic components for the production and transportation of compressed air
(@) Compressor

Fig. 36 (a) Compressor (b) Pneumatic symbol

(b) Pressure regulating component

Pressure
regulator

Filter Lubricator

Fig. 37 (a) Pressure regulating component (b) Cross section of pressure regulating
component

% Lubricator

Filter Pressure regulator

(c) Pneumatic symbol
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2. Pneumatic components for consumption of compressed air
(@) Single acting cylinder

P — ———

Fig. 38 (a) Single acting cylinder (b) Cross section of a single acting cylinder

A AN A
D VR
VV V]

(c) Pneumatic symbol

(b) Double acting cylinder

Fig. 39 (a) Double acting cylinder (b) Cross section of a double acting cylinder

(c) Pneumatic symbol
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(c) 3/2 Directional control valve

Fig. 40 (a) 3/2 Directional control valve

(b) Cross section of a 3/2 directional

control valve

AN

W

(c) Pneumatic symbols (a) Normally closed type

(d) 5/2 Directional control valve

Fig. 41 (a) 5/2 Directional control valve (b) Cross section

(e) Flow control valve

Fig. 42 (a) Flow control valve (b) Cross section
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(b) Normally open type

J

J

(c) Pneumatic symbol

5

(c) Pneumatic symbol



(F) Shuttle valve

e

Fig. 43 (a) Shuttle valve (b) Cross section (c) Pneumatic symbol

3. Other component
(@) Connecting pipe

Fig. 44 Connecting pipes
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Hydraulic Systems

Introduction

1. Introduction

The controlled movement of parts or a controlled application of force is a common
requirement in the industries. These operations are performed mainly by using electrical
machines or diesel, petrol and steam engines as a prime mover. These prime movers can
provide various movements to the objects by using some mechanical attachments like
screw jack, lever, rack and pinions etc. However, these are not the only prime movers.
The enclosed fluids (liquids and gases) can also be used as prime movers to provide
controlled motion and force to the objects or substances. The specially designed enclosed
fluid systems can provide both linear as well as rotary motion. The high magnitude
controlled force can also be applied by using these systems. This kind of enclosed fluid
based systems using pressurized incompressible liquids as transmission media are called
as hydraulic systems. The hydraulic system works on the principle of Pascal’s law which
says that the pressure in an enclosed fluid is uniform in all the directions. The Pascal’s
law is illustrated in figure 5.1.1. The force given by fluid is given by the multiplication of
pressure and area of cross section. As the pressure is same in all the direction, the smaller
piston feels a smaller force and a large piston feels a large force. Therefore, a large force
can be generated with smaller force input by using hydraulic systems.

| -1

Figure 5.1.1 Principle of hydraulic system



The hydraulic systems consists a number of parts for its proper functioning. These
include storage tank, filter, hydraulic pump, pressure regulator, control valve, hydraulic
cylinder, piston and leak proof fluid flow pipelines. The schematic of a simple hydraulic
system is shown in figure 5.1.2. It consists of:

e amovable piston connected to the output shaft in an enclosed cylinder
e storage tank

o filter

e electric pump

e pressure regulator

e control valve

e leak proof closed loop piping.

The output shaft transfers the motion or force however all other parts help to control the
system. The storage/fluid tank is a reservoir for the liquid used as a transmission media.
The liquid used is generally high density incompressible oil. It is filtered to remove dust
or any other unwanted particles and then pumped by the hydraulic pump. The capacity of
pump depends on the hydraulic system design. These pumps generally deliver constant
volume in each revolution of the pump shaft. Therefore, the fluid pressure can increase
indefinitely at the dead end of the piston until the system fails. The pressure regulator is
used to avoid such circumstances which redirect the excess fluid back to the storage tank.
The movement of piston is controlled by changing liquid flow from port A and port B.
The cylinder movement is controlled by using control valve which directs the fluid flow.
The fluid pressure line is connected to the port B to raise the piston and it is connected to
port A to lower down the piston. The valve can also stop the fluid flow in any of the port.
The leak proof piping is also important due to safety, environmental hazards and
economical aspects. Some accessories such as flow control system, travel limit control,
electric motor starter and overload protection may also be used in the hydraulic systems
which are not shown in figure 5.1.2.

I Lift/Weight

— — — —> —

Fluid Tank

Cylinder

Figure 5.1.2 Schematic of hydraulic system



2. Applications of hydraulic systems

The hydraulic systems are mainly used for precise control of larger forces. The main
applications of hydraulic system can be classified in five categories:

Industrial: Plastic processing machineries, steel making and primary metal
extraction applications, automated production lines, machine tool industries,
paper industries, loaders, crushes, textile machineries, R & D equipment and
robotic systems etc.

Mobile hydraulics: Tractors, irrigation system, earthmoving equipment,
material handling equipment, commercial vehicles, tunnel boring equipment, rail
equipment, building and construction machineries and drilling rigs etc.

Automobiles: It is used in the systems like breaks, shock absorbers, steering
system, wind shield, lift and cleaning etc.

Marine applications: It mostly covers ocean going vessels, fishing boats and
navel equipment.

Aerospace equipment: There are equipment and systems used for rudder
control, landing gear, breaks, flight control and transmission etc. which are used
in airplanes, rockets and spaceships.

3. Hydraulic Pump

The combined pumping and driving motor unit is known as hydraulic pump. The
hydraulic pump takes hydraulic fluid (mostly some oil) from the storage tank and delivers
it to the rest of the hydraulic circuit. In general, the speed of pump is constant and the
pump delivers an equal volume of oil in each revolution. The amount and direction of
fluid flow is controlled by some external mechanisms. In some cases, the hydraulic pump
itself is operated by a servo controlled motor but it makes the system complex. The
hydraulic pumps are characterized by its flow rate capacity, power consumption, drive
speed, pressure delivered at the outlet and efficiency of the pump. The pumps are not
100% efficient. The efficiency of a pump can be specified by two ways. One is the
volumetric efficiency which is the ratio of actual volume of fluid delivered to the
maximum theoretical volume possible. Second is power efficiency which is the ratio of
output hydraulic power to the input mechanical/electrical power. The typical efficiency of
pumps varies from 90-98%.

The hydraulic pumps can be of two types:

e centrifugal pump
e reciprocating pump



Centrifugal pump uses rotational kinetic energy to deliver the fluid. The rotational energy
typically comes from an engine or electric motor. The fluid enters the pump impeller
along or near to the rotating axis, accelerates in the propeller and flung out to the
periphery by centrifugal force as shown in figure 5.1.3. In centrifugal pump the delivery
IS not constant and varies according to the outlet pressure. These pumps are not suitable
for high pressure applications and are generally used for low-pressure and high-volume
flow applications. The maximum pressure capacity is limited to 20-30 bars and the
specific speed ranges from 500 to 10000. Most of the centrifugal pumps are not self-
priming and the pump casing needs to be filled with liquid before the pump is started.

Outlet Pipe

Inlet Pipe

Figure 5.1.3 Centrifugal pump



The reciprocating pump is a positive plunger pump. It is also known as positive
displacement pump or piston pump. It is often used where relatively small quantity is to
be handled and the delivery pressure is quite large. The construction of these pumps is
similar to the four stroke engine as shown in figure 5.1.4. The crank is driven by some
external rotating motor. The piston of pump reciprocates due to crank rotation. The piston
moves down in one half of crank rotation, the inlet valve opens and fluid enters into the
cylinder. In second half crank rotation the piston moves up, the outlet valve opens and the
fluid moves out from the outlet. At a time, only one valve is opened and another is closed
so there is no fluid leakage. Depending on the area of cylinder the pump delivers constant
volume of fluid in each cycle independent to the pressure at the output port.

Inlet Outlet
valve valve
B — —
ﬁ r
- Cylinder
area
(0]
e 4
\ Stroke
/

N Lty .

Figure 5.1.4 Reciprocating or positive displacement pump



4. Pump Lift

In general, the pump is placed over the fluid storage tank as shown in figure 5.1.5. The
pump creates a negative pressure at the inlet which causes fluid to be pushed up in the
inlet pipe by atmospheric pressure. It results in the fluid lift in the pump suction. The
maximum pump lift can be determined by atmospheric pressure and is given by pressure
head as given below:

Pressure Head, P = pgh
(5.1.1)

Theoretically, a pump lift of 8 m is possible but it is always lesser due to undesirable
effects such as cavitation. The cavitation is the formation of vapor cavities in a liquid.
The cavities can be small liquid-free zones ("bubbles” or "voids") formed due to partial
vaporization of fluid (liquid). These are usually generated when a liquid is subjected to
rapid changes of pressure and the pressure is relatively low. At higher pressure, the voids
implode and can generate an intense shockwave. Therefore, the cavitation should always
be avoided. The cavitation can be reduced by maintaining lower flow velocity at the inlet
and therefore the inlet pipes have larger diameter than the outlet pipes in a pump. The
pump lift should be as small as possible to decrease the cavitation and to increase the
efficiency of the pump.

L
Atmospheric Pump
Pressure  Lift, h

Inlet Pipe Outlet Pipe

Figure 5.1.5 Pump lift



5. Pressure Regulation

The pressure regulation is the process of reduction of high source pressure to a lower
working pressure suitable for the application. It is an attempt to maintain the outlet
pressure within acceptable limits. The pressure regulation is performed by using pressure
regulator. The primary function of a pressure regulator is to match the fluid flow with
demand. At the same time, the regulator must maintain the outlet pressure within certain
acceptable limits.

The schematic of pressure regulator and various valves placement is shown in figure
5.1.6. When the valve V1 is closed and V; is opened then the load moves down and fluid
returns to the tank but the pump is dead ended and it leads to a continuous increase in
pressure at pump delivery. Finally, it may lead to permanent failure of the pump.
Therefore some method is needed to keep the delivery pressure Py within the safe level. It
can be achieved by placing pressure regulating valve V3 as shown in figure 5.1.6. This
valve is closed in normal conditions and when the pressure exceeds a certain limit, it
opens and fluid from pump outlet returns to the tank via pressure regulating valve V3. As
the pressure falls in a limiting range, the valve V3 closes again.

Weight
Outlet or delivery
pressure
P, valve V,

w

Inlet Pipe Outlet

Pipe

o

valve V,

Figure 5.1.6 Schematic of pressure regulation

When valve V is closed, the whole fluid is dumped back to the tank through the pressure
regulating valve. This leads to the substantial loss of power because the fluid is
circulating from tank to pump and then pump to tank without performing any useful
work. This may lead to increase in fluid temperature because the energy input into fluid
leads to the increase in fluid temperature. This may need to the installation of heat
exchanger in to the storage tank to extract the excess heat. Interestingly, the motor power



consumption is more in such condition because the outlet pressure is higher than the
working pressure.

6. Advantages and Disadvantages of Hydraulic system

Advantages

The hydraulic system uses incompressible fluid which results in higher efficiency.
It delivers consistent power output which is difficult in pneumatic or mechanical
drive systems.

Hydraulic systems employ high density incompressible fluid. Possibility of
leakage is less in hydraulic system as compared to that in pneumatic system. The
maintenance cost is less.

These systems perform well in hot environment conditions.

Disadvantages

The material of storage tank, piping, cylinder and piston can be corroded with the
hydraulic fluid. Therefore one must be careful while selecting materials and
hydraulic fluid.

The structural weight and size of the system is more which makes it unsuitable for
the smaller instruments.

The small impurities in the hydraulic fluid can permanently damage the complete
system, therefore one should be careful and suitable filter must be installed.

The leakage of hydraulic fluid is also a critical issue and suitable prevention
method and seals must be adopted.

The hydraulic fluids, if not disposed properly, can be harmful to the environment.



Hydraulic Pumps

1. Classification of Hydraulic Pumps
These are mainly classified into two categories:

A. Non-positive displacement pumps
B. Positive displacement pumps.

A. Non-Positive Displacement Pumps

These pumps are also known as hydro-dynamic pumps. In these pumps the fluid is
pressurized by the rotation of the propeller and the fluid pressure is proportional to the
rotor speed. These pumps can not withstanding high pressures and generally used for
low-pressure and high-volume flow applications. The fluid pressure and flow generated
due to inertia effect of the fluid. The fluid motion is generated due to rotating propeller.
These pumps provide a smooth and continuous flow but the flow output decreases with
increase in system resistance (load). The flow output decreases because some of the fluid
slip back at higher resistance. The fluid flow is completely stopped at very large system
resistance and thus the volumetric efficiency will become zero. Therefore, the flow rate
not only depends on the rotational speed but also on the resistance provided by the
system. The important advantages of non-positive displacement pumps are lower initial
cost, less operating maintenance because of less moving parts, simplicity of operation,
higher reliability and suitability with wide range of fluid etc. These pumps are primarily
used for transporting fluids and find little use in the hydraulic or fluid power industries.
Centrifugal pump is the common example of non-positive displacement pumps. Details
have already discussed in the previous lecture.

B. Positive displacement pump

These pumps deliver a constant volume of fluid in a cycle. The discharge quantity per
revolution is fixed in these pumps and they produce fluid flow proportional to their
displacement and rotor speed. These pumps are used in most of the industrial fluid power
applications. The output fluid flow is constant and is independent of the system pressure
(load). The important advantage associated with these pumps is that the high-pressure
and low-pressure areas (means input and output region) are separated and hence the fluid
cannot leak back due to higher pressure at the outlets. These features make the positive
displacement pump most suited and universally accepted for hydraulic systems. The
important advantages of positive displacement pumps over non-positive displacement
pumps include capability to generate high pressures, high volumetric efficiency, high



power to weight ratio, change in efficiency throughout the pressure range is small and
wider operating range pressure and speed. The fluid flow rate of these pumps ranges from
0.1 and 15,000 gpm, the pressure head ranges between 10 and 100,000 psi and specific
speed is less than 500.

It is important to note that the positive displacement pumps do not produce pressure but
they only produce fluid flow. The resistance to output fluid flow generates the pressure. It
means that if the discharge port (output) of a positive displacement pump is opened to the
atmosphere, then fluid flow will not generate any output pressure above atmospheric
pressure. But, if the discharge port is partially blocked, then the pressure will rise due to
the increase in fluid flow resistance. If the discharge port of the pump is completely
blocked, then an infinite resistance will be generated. This will result in the breakage of
the weakest component in the circuit. Therefore, the safety valves are provided in the
hydraulic circuits along with positive displacement pumps. Important positive
displacement pumps are gears pumps, vane pumps and piston pumps. The details of these
pumps are discussed in the following sections.

2. Gear Pumps

Gear pump is a robust and simple positive displacement pump. It has two meshed gears
revolving about their respective axes. These gears are the only moving parts in the pump.
They are compact, relatively inexpensive and have few moving parts. The rigid design of
the gears and houses allow for very high pressures and the ability to pump highly viscous
fluids. They are suitable for a wide range of fluids and offer self-priming performance.
Sometimes gear pumps are designed to function as either a motor or a pump. These pump
includes helical and herringbone gear sets (instead of spur gears), lobe shaped rotors
similar to Roots blowers (commonly used as superchargers), and mechanical designs that
allow the stacking of pumps. Based upon the design, the gear pumps are classified as:

e External gear pumps
e Lobe pumps

e Internal gear pumps
e Gerotor pumps

Generally gear pumps are used to pump:

e Petrochemicals: Pure or filled bitumen, pitch, diesel oil, crude oil, lube oil etc.

e Chemicals: Sodium silicate, acids, plastics, mixed chemicals, isocyanates etc.

e Paint and ink

e Resins and adhesives

e Pulp and paper: acid, soap, lye, black liquor, kaolin, lime, latex, sludge etc.

e Food: Chocolate, cacao butter, fillers, sugar, vegetable fats and oils, molasses,
animal food etc.



External gear pump

The external gear pump consists of externally meshed two gears housed in a pump case
as shown in figure 5.2.1. One of the gears is coupled with a prime mover and is called as
driving gear and another is called as driven gear. The rotating gear carries the fluid from
the tank to the outlet pipe. The suction side is towards the portion whereas the gear teeth
come out of the mesh. When the gears rotate, volume of the chamber expands leading to
pressure drop below atmospheric value. Therefore the vacuum is created and the fluid is
pushed into the void due to atmospheric pressure. The fluid is trapped between housing
and rotating teeth of the gears. The discharge side of pump is towards the portion where
the gear teeth run into the mesh and the volume decreases between meshing teeth. The
pump has a positive internal seal against leakage; therefore, the fluid is forced into the
outlet port. The gear pumps are often equipped with the side wear plate to avoid the
leakage. The clearance between gear teeth and housing and between side plate and gear
face is very important and plays an important role in preventing leakage. In general, the
gap distance is less than 10 micrometers. The amount of fluid discharge is determined by
the number of gear teeth, the volume of fluid between each pair of teeth and the speed of
rotation. The important drawback of external gear pump is the unbalanced side load on its
bearings. It is caused due to high pressure at the outlet and low pressure at the inlet which
results in slower speeds and lower pressure ratings in addition to reducing the bearing
life. Gear pumps are most commonly used for the hydraulic fluid power applications and
are widely used in chemical installations to pump fluid with a certain viscosity.
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Figure 5.2.1 Gear pump
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Figure 5.2.3 Lobe pump

Lobe pumps work on the similar principle of working as that of external gear pumps.
However in Lobe pumps, the lobes do not make any contact like external gear pump (see
Figure 5.2.3). Lobe contact is prevented by external timing gears located in the gearbox.
Similar to the external gear pump, the lobes rotate to create expanding volume at the
inlet. Now, the fluid flows into the cavity and is trapped by the lobes. Fluid travels
around the interior of casing in the pockets between the lobes and the casing. Finally, the
meshing of the lobes forces liquid to pass through the outlet port. The bearings are placed
out of the pumped liquid. Therefore the pressure is limited by the bearing location and
shaft deflection.

Because of superb sanitary qualities, high efficiency, reliability, corrosion resistance and
good clean-in-place and steam-in-place (CIP/SIP) characteristics, Lobe pumps are widely
used in industries such as pulp and paper, chemical, food, beverage, pharmaceutical and
biotechnology etc. These pumps can handle solids (e.g., cherries and olives), slurries,
pastes, and a variety of liquids. A gentle pumping action minimizes product degradation.
They also offer continuous and intermittent reversible flows. Flow is relatively
independent of changes in process pressure and therefore, the output is constant and
continuous.

Lobe pumps are frequently used in food applications because they handle solids without
damaging the product. Large sized particles can be pumped much effectively than in
other positive displacement types. As the lobes do not make any direct contact therefore,
the clearance is not as close as in other Positive displacement pumps. This specific design
of pump makes it suitable to handle low viscosity fluids with diminished performance.



Loading characteristics are not as good as other designs, and suction ability is low. High-
viscosity liquids require reduced speeds to achieve satisfactory performance. The
reduction in speed can be 25% or more in case of high viscosity fluid.

Internal Gear Pump
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Figure 5.2.4 Internal gear pump

Internal gear pumps are exceptionally versatile. They are often used for low or medium
viscosity fluids such as solvents and fuel oil and wide range of temperature. This is non-
pulsing, self-priming and can run dry for short periods. It is a variation of the basic gear

pump.

It comprises of an internal gear, a regular spur gear, a crescent-shaped seal and an
external housing. The schematic of internal gear pump is shown in figure 5.2.4. Liquid
enters the suction port between the rotor (large exterior gear) and idler (small interior
gear) teeth. Liquid travels through the pump between the teeth and crescent. Crescent
divides the liquid and acts as a seal between the suction and discharge ports. When the
teeth mesh on the side opposite to the crescent seal, the fluid is forced out through the
discharge port of the pump. This clearance between gears can be adjusted to
accommodate high temperature, to handle high viscosity fluids and to accommodate the
wear. These pumps are bi-rotational so that they can be used to load and unload the
vessels. As these pumps have only two moving parts and one stuffing box, therefore they
are reliable, simple to operate and easy to maintain. However, these pumps are not
suitable for high speed and high pressure applications. Only one bearing is used in the
pump therefore overhung load on shaft bearing reduces the life of the bearing.



Applications
Some common internal gear pump applications are:

e All varieties of fuel oil and lube oil

e Resins and Polymers

e Alcohols and solvents

e Asphalt, Bitumen, and Tar

e Polyurethane foam (Isocyanate and polyol)

e Food products such as corn syrup, chocolate, and peanut butter
e Paint, inks, and pigments

e Soaps and surfactants

e Glycol

Gerotor Pump

Rotor Idler

Centre of
rotation of
outer gear

Centre of
rotation of
inner gear

Inlet Outlet

Figure 5.2.5 Gerotor pump

Gerotor is a positive displacement pump. The name Gerotor is derived from “"Generated
Rotor". At the most basic level, a Gerotor is essentially one that is moved via fluid power.
Originally this fluid was water, today the wider use is in hydraulic devices. The
schematic of Gerotor pump is shown in figure 5.2.5. Gerotor pump is an internal gear
pump without the crescent. It consists of two rotors viz. inner and outer rotor. The inner
rotor has N teeth, and the outer rotor has N+1 teeth. The inner rotor is located off-center
and both rotors rotate. The geometry of the two rotors partitions the volume between
them into N different dynamically-changing volumes. During the rotation, volume of
each partition changes continuously. Therefore, any given volume first increases, and
then decreases. An increase in volume creates vacuum. This vacuum creates suction, and
thus, this part of the cycle sucks the fluid. As the volume decreases, compression occurs.
During this compression period, fluids can be pumped, or compressed (if they are
gaseous fluids).



The close tolerance between the gears acts as a seal between the suction and discharge
ports. Rotor and idler teeth mesh completely to form a seal equidistant from the discharge
and suction ports. This seal forces the liquid out of the discharge port. The flow output is
uniform and constant at the outlets.

The important advantages of the pumps are high speed operation, constant discharge in
all pressure conditions, bidirectional operation, less sound in running condition and less
maintenance due to only two moving parts and one stuffing box etc. However, the pump
is having some limitations such as medium pressure operating range, clearance is fixed,
solids can’t be pumped and overhung load on the shaft bearing etc.

Applications

Gerotors are widely used in industries and are produced in variety of shapes and sizes by
a number of different methods. These pumps are primarily suitable for low pressure
applications such as lubrication systems or hot oil filtration systems, but can also be
found in low to moderate pressure hydraulic applications. However common applications
are as follows:

e Light fuel oils
e Lube oil

e Cooking oils

e Hydraulic fluid



Hydraulic Pumps -2

1. Vane Pumps

In the previous lecture we have studied the gear pumps. These pumps have a
disadvantage of small leakage due to gap between gear teeth and the pump housing. This
limitation is overcome in vane pumps. The leakage is reduced by using spring or
hydraulically loaded vanes placed in the slots of driven rotor. Capacity and pressure
ratings of a vane pump are generally lower than the gear pumps, but reduced leakage
gives an improved volumetric efficiency of around 95%.

Vane pumps are available in a number of vane configurations including sliding vane,
flexible vane, swinging vane, rolling vane, and external vane etc. Each type of vane pump
has its own advantages. For example, external vane pumps can handle large solids.
Flexible vane pumps can handle only the small solids but create good vacuum. Sliding
vane pumps can run dry for short periods of time and can handle small amounts of vapor.
The vane pumps are known for their dry priming, ease of maintenance, and good suction
characteristics. The operating range of these pumps varies from -32 °C to 260 °C.

Inlet Outlet
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\
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Figure 5.3.1 Schematic of working principle of vane pump

The schematic of vane pump working principle is shown in figure 5.3.1. Vane pumps
generate a pumping action by tracking of vanes along the casing wall. The vane pumps
generally consist of a rotor, vanes, ring and a port plate with inlet and outlet ports. The
rotor in a vane pump is connected to the prime mover through a shaft. The vanes are



located on the slotted rotor. The rotor is eccentrically placed inside a cam ring as shown
in the figure. The rotor is sealed into the cam by two side plates. When the prime mover
rotates the rotor, the vanes are thrown outward due to centrifugal force. The vanes track
along the ring. It provides a tight hydraulic seal to the fluid which is more at the higher
rotation speed due to higher centrifugal force. This produces a suction cavity in the ring
as the rotor rotates. It creates vacuum at the inlet and therefore, the fluid is pushed into
the pump through the inlet. The fluid is carried around to the outlet by the vanes whose
retraction causes the fluid to be expelled. The capacity of the pump depends upon the
eccentricity, expansion of vanes, width of vanes and speed of the rotor. It can be noted
that the fluid flow will not occur when the eccentricity is zero. These pumps can handle
thin liquids (low viscosity) at relatively higher pressure. These pumps can be run dry for
a small duration without any failure. These pumps develop good vacuum due to
negligible leakage. However, these pumps are not suitable for high speed applications
and for the high viscosity fluids or fluids carrying some abrasive particles. The
maintenance cost is also higher due to many moving parts. These pumps have various
applications for the pumping of following fluids:

Aerosol and Propellants

Aviation Service - Fuel Transfer, Deicing

Auto Industry - Fuels, Lubes, Refrigeration Coolants
Bulk Transfer of LPG and NH3

LPG Cylinder Filling

Alcohols

Refrigeration - Freons, Ammonia

Solvents

Agueous solutions



Unbalanced Vane pump
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Figure 5.3.2 Unbalanced vane pump

In practice, the vane pumps have more than one vane as shown in figure 5.3.2. The rotor
is offset within the housing, and the vanes are constrained by a cam ring as they cross
inlet and outlet ports. Although the vane tips are held against the housing, still a small
amount of leakage exists between rotor faces and body sides. Also, the vanes compensate
to a large degree for wear at the vane tips or in the housing itself. The pressure difference
between outlet and inlet ports creates a large amount of load on the vanes and a
significant amount of side load on the rotor shaft which can lead to bearing failure. This
type of pump is called as unbalanced vane pump.



Balanced vane pump

Figure 5.3.3 shows the schematic of a balanced vane pump. This pump has an elliptical
cam ring with two inlet and two outlet ports. Pressure loading still occurs in the vanes but
the two identical pump halves create equal but opposite forces on the rotor. It leads to the
zero net force on the shaft and bearings. Thus, lives of pump and bearing increase
significantly. Also the sounds and vibrations decrease in the running mode of the pump.

Outlet

Rotor

Cam ring

Inlet

Figure 5.3.3 Balanced Vane Pump



Adjustable vane pump

The proper design of pump is important and a challenging task. In ideal condition, the
capacity of a pump should be exactly same to load requirements. A pump with larger
capacity wastes energy as the excess fluid will pass through the pressure relief valve. It
also leads to a rise in fluid temperature due to energy conversion to the heat instead of
useful work and therefore it needs some external cooling arrangement. Therefore, the
higher capacity pump increases the power consumption and makes the system bulky and
costly. Pumps are generally available with certain standard capacities and the user has to
choose the next available capacity of the pump. Also, the flow rate from the pump in
most hydraulic applications needs to be varying as per the requirements. Therefore, some
vane pumps are also available with adjustable capacity as shown in figure 5.3.4. This can
be achieved by adjusting a positional relationship between rotor and the inner casing by
the help of an external controlling screw. These pumps basically consist of a rotor, vanes,
cam ring, port plate, thrust bearing for guiding the cam ring and a discharge control screw
by which the position of the cam ring relative to the rotor can be varied. In general, the
adjustable vane pumps are unbalanced pump type.

D —
Adjustable inner casing

Discharge
control screw

Outer casin '

Figure 5.3.4 Adjustable vane pump

The amount of fluid that is displaced by a vane pump running at a constant speed is
determined by the maximum extension of the vanes and the vanes width. However, for a
pump running in operation, the width of vanes cannot be changed but the distance by
which the vanes are extended can be varied. This is possible by making a provision for
changing the position of the cam ring (adjustable inner casing) relative to the rotor as
shown in figure 5.3.4. The eccentricity of rotor with respect to the cam ring is adjusted by



the movement of the screw. The delivery volume increases with increase in the
eccentricity. This kind of arrangement can be used to achieve a variable volume from the
pump and is known as variable displacement vane pump.

In general, the adjusted vane pumps are pressure compensated. It means that the
discharge is controlled by pre-adjusted value and when the discharge pressure reaches a
certain (adjusted) value; the pumping action ceases. This mechanism is accomplished by
using a compensating spring to offset the cam ring. Initially, the eccentricity is maximum
because the discharge pressure is zero and spring force keeps the cam ring at the extreme
right position. As the discharge pressure increases, it acts on the inner contour of the cam
ring. It pushes the cam ring towards the left against the spring force and hence the
eccentricity reduces and hence the discharge through the pump reduces. When the
discharge pressure becomes high enough to overcome the entire spring force; the
compensator spring will compress until the zero eccentricity is achieved. In this
condition, the pumping action ceases and the fluid flow (except small leakages) does not
occur. Therefore, the system pressure can be adjusted by setting the compensator spring.
These pumps ensure their own protection against excessive system pressure and do not
rely on the safety control devices of the hydraulic system. These pumps are used as
energy savings devices and have been used in many applications, including automotive
transmissions.

2. Piston pumps

Piston pumps are meant for the high-pressure applications. These pumps have high-
efficiency and simple design and needs lower maintenance. These pumps convert the
rotary motion of the input shaft to the reciprocating motion of the piston. These pumps
work similar to the four stroke engines. They work on the principle that a reciprocating
piston draws fluid inside the cylinder when the piston retracts in a cylinder bore and
discharge the fluid when it extends. Generally, these pumps have fixed inclined plate or
variable degree of angle plate known as swash plate (shown in Figure 5.3.5 and Figure
5.3.6). When the piston barrel assembly rotates, the swash plate in contact with the piston
slippers slides along its surface. The stroke length (axial displacement) depends on the
inclination angle of the swash plate. When the swash plate is vertical, the reciprocating
motion does not occur and hence pumping of the fluid does not take place. As the swash
plate angle increases, the piston reciprocates inside the cylinder barrel. The stroke length
increases with increase in the swash plate angle and therefore volume of pumping fluid
increases. During one half of the rotation cycle, the pistons move out of the cylinder
barrel and the volume of the barrel increases. During another half of the rotation, the
pistons move into the cylinder barrel and the barrel volume decreases. This phenomenon
is responsible for drawing the fluid in and pumping it out. These pumps are positive
displacement pump and can be used for both liquids and gases. Piston pumps are
basically of two types:



i.  Axial piston pumps
ii.  Radial piston pumps

Axial Piston Pump

Axial piston pumps are positive displacement pumps which converts rotary motion of the
input shaft into an axial reciprocating motion of the pistons. These pumps have a number
of pistons (usually an odd number) in a circular array within a housing which is
commonly referred to as a cylinder block, rotor or barrel. These pumps are used in jet
aircraft. They are also used in small earthmoving plants such as skid loader machines.
Another use is to drive the screws of torpedoes. In general, these systems have a
maximum operating temperature of about 120 °C. Therefore, the leakage between
cylinder housing and body block is used for cooling and lubrication of the rotating parts.
This cylinder block rotates by an integral shaft aligned with the pistons. These pumps
have sub-types as:

a. Bent axis piston pumps
b. Swash plate axial piston pump

Bent-Axis Piston Pumps

Figure 5.3.5 shows the schematic of bent axis piston pump. In these pumps, the
reciprocating action of the pistons is obtained by bending the axis of the cylinder block.
The cylinder block rotates at an angle which is inclined to the drive shaft. The cylinder
block is turned by the drive shaft through a universal link. The cylinder block is set at an
offset angle with the drive shaft. The cylinder block contains a number of pistons along
its periphery. These piston rods are connected with the drive shaft flange by ball-and-
socket joints. These pistons are forced in and out of their bores as the distance between
the drive shaft flange and the cylinder block changes. A universal link connects the block
to the drive shaft, to provide alignment and a positive drive.

Piston
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Fixed block Moving cylinder /;""e Shaft
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Figure 5.3.5 Bent axis piston pump



The volumetric displacement (discharge) of the pump is controlled by changing the offset
angle. It makes the system simple and inexpensive. The discharge does not occur when
the cylinder block is parallel to the drive shaft. The offset angle can vary from 0° to 40°.
The fixed displacement units are usually provided with 23° or 30° offset angles while the
variable displacement units are provided with a yoke and an external control mechanism
to change the offset angle. Some designs have arrangement of moving the yoke over the
center position to reverse the fluid flow direction. The flow rate of the pump varies with
the offset angle 6 . There is no flow when the cylinder block centerline is parallel to the
drive shaft centerline (offset angle is 0°). The total fluid flow per stroke can be given as:

V, = nADtano
(5.3.1)

The flow rate of the pump can be given as:
V,=nADN tanf
(5.3.2)

here, tan® =E
D

(5.3.3)

where S is the piston stroke, D is piston diameter, n is the number of pistons, N is the
speed of pump and A is the area of piston.



Swash Plate Axial Piston Pump

A swash plate is a device that translates the rotary motion of a shaft into the reciprocating
motion. It consists of a disk attached to a shaft as shown in Figure 5.3.6. If the disk is
aligned perpendicular to the shaft; the disk will turn along with the rotating shaft without
any reciprocating effect. Similarly, the edge of the inclined shaft will appear to oscillate
along the shaft's length. This apparent linear motion increases with increase in the angle
between disk and the shaft (offset angle). The apparent linear motion can be converted
into an actual reciprocating motion by means of a follower that does not turn with the
swash plate.
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Figure 5.3.6 Swash plate piston pump

In swash plate axial piston pump a series of pistons are aligned coaxially with a shaft
through a swash plate to pump a fluid. The schematic of swash plate piston pump is
shown in Figure 5.3.6. The axial reciprocating motion of pistons is obtained by a swash
plate that is either fixed or has variable degree of angle. As the piston barrel assembly
rotates, the piston rotates around the shaft with the piston shoes in contact with the swash
plate. The piston shoes follow the angled surface of the swash plate and the rotational
motion of the shaft is converted into the reciprocating motion of the pistons. When the
swash plate is perpendicular to the shaft; the reciprocating motion to the piston does not
occur. As the swash plate angle increases, the piston follows the angle of the swash plate
surface and hence it moves in and out of the barrel. The piston moves out of the cylinder
barrel during one half of the cycle of rotation thereby generating an increasing volume,
while during other half of the rotating cycle, the pistons move into the cylinder barrel
generating a decreasing volume. This reciprocating motion of the piston results in the
drawing in and pumping out of the fluid. Pump capacity can be controlled by varying the
swash plate angle with the help of a separate hydraulic cylinder. The pump capacity
(discharge) increases with increase in the swash plate angle and vice-versa. The cylinder
block and the drive shaft in this pump are located on the same centerline. The pistons are
connected through shoes and a shoe plate that bears against the swash plate. These pumps
can be designed to have a variable displacement capability. It can be done by mounting



the swash plate in a movable yoke. The swash plate angle can be changed by pivoting the
yoke on pintles.
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Figure 5.3.7 Radial piston pump

The typical construction of radial piston pump is shown in Figure 5.3.7. The piston pump
has pistons aligned radially in a cylindrical block. It consists of a pintle, a cylinder barrel
with pistons and a rotor containing a reaction ring. The pintle directs the fluid in and out
of the cylinder. Pistons are placed in radial bores around the rotor. The piston shoes ride
on an eccentric ring which causes them to reciprocate as they rotate. The eccentricity
determines the stroke of the pumping piston. Each piston is connected to inlet port when
it starts extending while it is connected to the outlet port when start retracting. This
connection to the inlet and outlet port is performed by the timed porting arrangement in
the pintle. For initiating a pumping action, the reaction ring is moved eccentrically with
respect to the pintle or shaft axis. As the cylinder barrel rotates, the pistons on one side
travel outward. This draws the fluid in as the cylinder passes the suction port of the
pintle. It is continued till the maximum eccentricity is reached. When the piston passes
the maximum eccentricity, pintle is forced inwards by the reaction ring. This forces the
fluid to flow out of the cylinder and enter in the discharge (outlet) port of the pintle.

The radial piston pump works on high pressure (up to 1000 bar). It is possible to use the
pump with various hydraulic fluids like mineral oil, biodegradable oil, HFA (oil in
water), HFC (water-glycol), HFD (synthetic ester) or cutting emulsion. This is because
the parts are hydrostatically balanced. It makes the pump suitable for the many
applications such as machine tools (displace of cutting emulsion, supply for hydraulic
equipment like cylinders), high pressure units (overload protection of presses), test rigs,



automotive sector (automatic transmission, hydraulic suspension control in upper-class
cars), plastic (powder injection molding) and wind energy etc.

3. Combination Pump

There are two basic requirements for load lifting or load applying by a hydraulic ram.
First, there is a need of large volume of fluid at a low pressure when the cylinder extends
or retracts. The low pressure is required to overcome the frictional resistance. The second
requirement is that a high pressure is needed, when the load is gripped.
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Figure 5.3.8 Combination pump

This type of requirements can be fulfilled by an arrangement as shown in figure 5.3.8. In
this system two separate pumps are driven by a common electrical motor. Pump P1 is a
high pressure low volume pump and pump P2 is a high volume low pressure pump. The
hydraulic system is associated with relief valves RV1 and RV2 and a one-way check
valve CV1. This kind of arrangement allows the fluid flow from left to right, but blocks
in the reverse direction.

The pressure relief valve RV1 is a normal high pressure valve. The pressure relief valve
RV2 is not operated by the pressure at point A, however, it is remotely operated by the
pressure at point B. This can be achieved with the balanced piston valve. In low pressure
mode both relief valves are closed and both pumps P1 and P2 deliver fluid to the load but
the majority comes from the pump P2 as its capacity is higher.

When the load is in the holding mode, the pressure at B rises and relief valve RV2 opens.
It results in all the fluid from pump P2 to return straight to the tank directly and the
pressure at A to fall to a low value. The check valve CV1 stops the fluid from pump P1



pass it back to the tank via relief valve RV2, consequently pressure at B rises to the level
set by relief valve RV1.

This kind of arrangement saves energy as the large volume of fluid from pump P2 is
returned to the tank at a very low pressure, and only a small volume of fluid from pump
P1 is returned at a high pressure.

In general the applications of Hydraulic Pumps can be summarized as,

e Hydraulic pumps are used to transfer power via hydraulic liquid. These pumps
have a number of applications in automobiles, material handling systems,
automatic transmissions, controllers, compressors and household items.

e The hand operated hydraulic pump is used in a hydraulic jack where many strokes
of the pump apply hydraulic pressure to lift the ram.

e A backhoe uses an engine driven hydraulic pump to drive the articulating parts of
the mechanical hoe.

e The hydraulic pumps are commonly used in the automotive vehicles especially in
power steering systems.

e The lift system of tractor is operated by the hydraulic pumps. These are used in
automatic transmissions and material handling systems in industries.

e Many precise controllers are developed by using hydraulic pumps. The commonly
used compressor is operated by reciprocating pumps.

e The hydraulic pumps are also used in routine household systems like power lift
and air-conditions. Therefore, it can be said that the hydraulic pumps have
significant applications in industries as well as ones routine life.



Control Valves -1

In a hydraulic system, the hydraulic energy available from a pump is converted into
motion and force by means of an actuator. The control of these mechanical outputs
(motion and force) is one of the most important functions in a hydraulic system. The
proper selection of control selection ensures the desired output and safe function of the
system. In order to control the hydraulic outputs, different types of control valves are
required. It is important to know various types of control valves and their functions. This
not only helps to design a proper hydraulic system but also helps to discover the
innovative ways to improve the existing systems. In this lecture and next few lectures,
various types of valves will be discussed.

There are basically three types of valves employed in hydraulic systems:

1. Directional control valves
2. Flow control valves
3. Pressure control valves

1. Direction control valve

Directional control valves are used to control the distribution of energy in a fluid power
system. They provide the direction to the fluid and allow the flow in a particular
direction. These valves are used to control the start, stop and change in direction of the
fluid flow. These valves regulate the flow direction in the hydraulic circuit. These control
valves contain ports that are external openings for the fluid to enter and leave. The
number of ports is usually identified by the term ‘way’. For example, a valve with four
ports is named as four-way valve. The fluid flow rate is responsible for the speed of
actuator (motion of the output) and should controlled in a hydraulic system. This
operation can be performed by using flow control valves. The pressure may increase
gradually when the system is under operation. The pressure control valves protect the
system by maintaining the system pressure within the desired range. Also, the output
force is directly proportional to the pressure and hence, the pressure control valves ensure
the desired force output at the actuator.

Directional control valves can be classified in the following manner:
1. Type of construction:

. Poppet valves
. Spool valves



2. Number of ports:

. Two- way valves
. Three — way valves
. Four- way valves.
3. Number of switching position:
. Two — position
. Three - position
4, Actuating mechanism:
. Manual actuation
. Mechanical actuation
. Solenoid actuation
. Hydraulic actuation
. Pneumatic actuation
. Indirect actuation

Type of construction
Check Valves

Spring

Flow
blocked

Ball
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Flow allowed
Figure 5.4.1 Inline check valve

These are unidirectional valves and permit the free flow in one direction only. These
valves have two ports: one for the entry of fluid and the other for the discharge. They are
consists of a housing bore in which ball or poppet is held by a small spring force. The
valve having ball as a closing member is known as ball check valve. The various types of
check valves are available for a range of applications. These valves are generally small
sized, simple in construction and inexpensive. Generally, the check valves are
automatically operated. Human intervention or any external control system is not



required. These valves can wear out or can generate the cracks after prolonged usage and
therefore they are mostly made of plastics for easy repair and replacements.

An important concept in check valves is the cracking pressure. The check valve is
designed for a specific cracking pressure which is the minimum upstream pressure at
which the valve operates. The simplest check valve is an inline check valve as shown in
Figure 5.4.1. The ball is held against the valve seat by a spring force. It can be observed
from the figure that the fluid flow is not possible from the spring side but the fluid from
opposite side can pass by lifting the ball against. However, there is some pressure drop
across the valve due to restriction by the spring force. Therefore these valves are not
suitable for the application of high flow rate. When the operating pressure increases the
valve becomes more tightly seated in this design.

The advantages of the poppet valves include no leakage, long life and suitability with
high pressure applications. These valves are commonly used in liquid or gel mini-pump
dispenser spigots, spray devices, some rubber bulbs for pumping air, manual air pumps,
and refillable dispensing syringes. Sometimes, the right angle check valve as shown in
Figure 5.4.2 is used for the high flow rate applications. The pressure drop is
comparatively less in right angle check valve.

Flow ——)
blocked

i

Flow allowed

Figure 5.4.2 Right angle check valve



When the closing member is not a ball but a poppet energized by a spring is known as
poppet valve. The typical poppet valve is shown in Figure 5.4.3. Some valves are meant
for an application where free flow is required in one direction and restricted flow required
in another direction. These types of valves are called as restriction check valve (see
Figure 5.4.3). These valves are used when a direction sensitive flow rate is required. For
example, the different actuator speeds are required in both the directions. The flow
adjustment screw can be used to set the discharge (flow rate) in the restricted direction.

Movable Flow adjustment
oppet
popp: screw
Flow
blocked ¢
Needle
valve
«—— Flow
allowed

Figure 5.4.3 Restriction check valve



Another important type of check valve known as pilot operated check valve which is
shown in figure 5.4.4. The function of the pilot operated check valve is similar to a
normal check valve unless it gets an extra pressure signal through a pilot line. Pilot
allows free flow in one direction and prevents the flow in another direction until the pilot
pressure is applied. But when pilot pressure acts, the poppet opens and the flow is
blocked from both the sides. These valves are used to stop the fluid suddenly.

Movable
poppet

Flow
normally
blocked —

Pressure

opposes pilot Free flow

Piston

Pilot pressure lifts
piston and poppet
to allow reverse flow

Figure 5.4.4 Pilot operated check valve



Spool valve

The spool valves derive their name from their appearance. It consists of a shaft sliding in
a bore which has large groove around the circumference. This type of construction makes
it look like a spool. The spool is sealed along the clearance between moving spool and
housing (valve body). The quality of seal or the amount of leakage depends on the
amount of clearance, viscosity of fluid and the level of the pressure. The grooves guide
the fluid flow by interconnecting or blocking the holes (ports). The spool valves are
categorized according to the number of operating positions and the way hydraulic lines
interconnections. One of the simplest two way spool valve is shown in Figure 5.4.5. The
standard terms are referred as Port ‘P’ is pressure port, Port ‘T’ is tank port and Port ‘A’
and Port ‘B’ are the actuator (or working) ports. The actuators can move in forward or
backward direction depending on the connectivity of the pressure and tank port with the
actuators port.

Valve body Spring

Bore

Figure 5.4.5 Valve closed
Spring

PortAT
|
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Figure 5.4.6 Valve opened by actuation



Number of ports
Two way valves

Two way valves have only two ports as shown in Figure 5.4.5 and Figure 5.4.6. These
valves are also known as on-off valves because they allow the fluid flow only in
direction. Normally, the valve is closed. These valves are available as normally open and
normally closed function. These are the simplest type of spool valves. When actuating
force is not applied to the right, the port P is not connected with port A as shown in figure
5.4.5. Therefore, the actuation does not take place. Similarly, Figure 5.4.6 shows the two-
way spool valve in the open condition. Here, the pressure port P is connected with the
actuator port A.

Three way valves

When a valve has one pressure port, one tank port and one actuating port as shown in
Figures 5.4.7 and 5.4.8, it is known as three way valve. In this valve, the pressure port
pressurizes one port and exhausts another one. As shown in figures, only one actuator
port is opened at a time. In some cases a neutral position is also available when both the
ports are blocked. Generally, these valves are used to operate single acting cylinders.
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Figure 5.4.7 Three way valve: P to A connected and T is blocked
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Figure 5.4.8 Three way valve in closed position



Four way valves

Figure 5.4.9 shows a four-way valve. It is generally used to operate the cylinders and
fluid motors in both the directions. The four ways are: pump port P, tank port T, and two
working ports A and B connected to the actuator. The primary function of a four way
valve is to pressurize and exhaust two working ports A and B alternatively.
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Port A l Port B 1 Spool
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Figure 5.4.9 Three position four way valve in open center mode



Control valves -2

1. Classification of control valve according to number/ways of switching
position

Three position four way (3/4) valves

Three position four way (3/4) valves are used in double-acting cylinders to perform
advance, hold and return operation to the piston. Figures 5.5.1 and 5.5.2 show three
position four way valves. These types of valves have three switching positions. They
have a variety of possible flow path configurations but have identical flow path
configuration. When the centered path is actuated, port A and B are connected with both
the ports P and T respectively. In this case, valve is not active because all the ports are
open to each other. The fluid flows to the tank at atmospheric pressure. In this position
work cannot be done by any part of the system. This configuration helps to prevent heat
buildup.

Bore
Port A 1 Port B I Spool
| |

| \

O O
ll |T|

Port T Port P Port T

Figure 5.5.1 Three position four way valve: PtoBand Ato T



When left end (port B) is actuated, the port P is connected with ports B and T is
connected with port A as shown in Figure 5.5.1. Similarly, when the right end is actuated
the port P is connected to A and working port B is connected to port T as shown in Figure
5.5.2. The three position valves are used when the actuator is needed to stop or hold at
some intermediate position. It can also be used when the multiple circuits or functions are
accomplished from one hydraulic power source.
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Figure 5.5.2 Three position four way valve: Pto Aand Bto T
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Figure 5.5.3 Three position four way valve: closed center

Figure 5.5.3 shows a three position four way valve in the closed center position. The
working of the valve is similar to open center DCV. In closed center DCV all user ports
(port A and port B) are closed. Therefore, these ports are hydraulically locked and the
actuator cannot be moved by the external load. The pumped fluid flows through the relief
valve. The pump works under the high pressure condition which not only wastes the
pump power but also causes wear of the pump parts. The fluid temperature also rises due
to heat generation by the pump energy transformation. The increase in fluid temperature
may lead to the oxidation and viscosity drop of the fluid. The oxidation and viscosity
drop reduces the pump life and leakage in the system.
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Figure 5.5.4 Tandem centered valve

Figure 5.5.4 shows a tandem center three position four way direction control valve. In
this configuration, the working ports A and B are blocked and the pump port P is
connected to the tank port T. Tandem center results in the locked actuator. However,
pump to tank flow takes place at the atmospheric temperature. This kind of configuration
can be used when the load is needed to hold. Disadvantages of high pressure pumping in
case of closed center (shown in Figure 5.5.3) can be removed by using this configuration.

The regenerative center is another important type of common center configuration used in
hydraulic circuits. Regenerative means the flow is generated from the system itself.
Regenerative center is used when the actuator movement in one direction requires two
different speeds. For example, the half-length of the stroke requires fast movement during
no-load condition and remaining half-length requires slow motion during load conditions.
The regenerative center saves the pump power.
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Figure 5.5.5 Regenerative Center

Figure 5.5.5 shows the regenerative configuration for the three position four way (3/4)
DCV in its mid position. This configuration increases the piston speed. In the mid
position pump Port P is connected to A and B, and tank port T is blocked.
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Figure 5.5.6 Floating Center

Figure 5.5.6 shows the floating center 3/4 DCV in its mid position. In this configuration,
the pump port is blocked and both the working ports A and B are connected to the tank
port T. Therefore, the working ports A and B can be moved freely which is reason they
are called as floating center. The pumped fluid passes through the relief valve. Therefore,
pump works in the high pressure condition. This configuration is used only in some

special cases.
Two position four way (2/4) valves

The two position four way valves have only two switching positions and do not have any
mid position. Therefore, they are also known as impulse valves. The typical connections
of 2/4 valves is shown in Figures 5.5.7 and 5.5.8. These valves can be used to operate
double acting cylinders. These are also used to reciprocate or hold an actuator. The
operation is faster because the distance between ports of these valves is smaller. Hence,
these valves are used on machines where fast reciprocation cycles are needed such as

punching and stamping etc.
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Figure 5.5.7 Two position four way DCV: PtoBand Ato T
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Figure 5.5.8 Two position four way DCV: Pto AandBto T

2. Classification based on actuation mechanism

Manual actuation

In this type, the spool is operated manually. Manual actuators are hand lever, push button
and pedals etc.

Mechanical actuation

The DCV spool can be operated by using mechanical elements such as roller and cam,
roller and plunger and rack and pinion etc. In these arrangements, the spool end is of
roller or a pinion gear type. The plunger or cam or rack gear is attached to the actuator.
Thus, the mechanical elements gain some motion relative to the actuator (cylinder piston)
which can be used for the actuation.

Solenoid actuation

The solenoid actuation is also known as electrical actuation. The schematic of solenoid
actuation is shown in Figure 5.5.9. The energized solenoid coil creates a magnetic force
which pulls the armature into the coil. This movement of armature controls the spool
position. The main advantage of solenoid actuation is its less switching time.
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Figure 5.5.9 Working of solenoid to shift spool of valve



Hydraulic actuation

This type actuation is usually known as pilot-actuated valve and a schematic is shown in
Figure 5.5.10. In this type of actuation, the hydraulic pressure is directly applied on the
spool. The pilot port is located on one end of the valve. Fluid entering from pilot port
operates against the piston and forces the spool to move forward. The needle valve is
used to control the speed of the actuation.

Port A
Needle valve

Pilot port ——>

Port P

Figure 5.5.10 Pilot actuated DCV

Pneumatic actuation

DCV can also be operated by applying compressed air against a piston at either end of the
valve spool. The construction of the system is similar to the hydraulic actuation as shown
in Figure 5.5.10. The only difference would be the actuation medium. The actuation
medium is the compressed air in pneumatic actuation system.

Indirect actuation of directional control valve

The direction control valve can be operated by manual, mechanical, solenoidal
(electrical), hydraulic (pilot) and pneumatic actuations. The mode of actuation does not
have any influence on the basic operation of the hydraulic circuits. Mostly, the direct
actuation is restricted to use with smaller valves only because usually lot of force is not
available. The availability of limited force is the greatest disadvantage of the direct
actuation systems. In practice, the force required to shift the spool is quiet higher.
Therefore, the larger valves are often indirectly actuated in sequence. First, the smaller
valve is actuated directly and the flow from the smaller valve is directed to either side of
the larger valve. The control fluid can be supplied by the same circuit or by a separate
circuit. The pilot valve pressure is usually supplied internally. These two valves are often
incorporated as a single unit. These valves are also called as Electro-hydraulic operated
DCV.



3. Flow Control Valves

Flow
adjustment
screw

Figure 5.5.11 Flow Control Valve

In practice, the speed of actuator is very important in terms of the desired output and
needs to be controlled. The speed of actuator can be controlled by regulating the fluid
flow. A flow control valve can regulate the flow or pressure of the fluid. The fluid flow is
controlled by varying area of the valve opening through which fluid passes. The fluid
flow can be decreased by reducing the area of the valve opening and it can be increased
by increasing the area of the valve opening. A very common example to the fluid flow
control valve is the household tap. Figure 5.5.11 shows the schematic diagram of a flow
control valve. The pressure adjustment screw varies the fluid flow area in the pipe to
control the discharge rate.

The pressure drop across the valve may keep on fluctuating. In general, the hydraulic
systems have a pressure compensating pump. The inlet pressure remains almost constant
but the outlet pressure keeps on fluctuating depending on the external load. It creates
fluctuating pressure drop. Thus, the ordinary flow control valve will not be able to
maintain a constant fluid flow. A pressure compensated flow control valve maintains the
constant flow throughout the movement of a spool, which shifts its position depending on
the pressure. Flow control valves can also be affected by temperature changes. It is
because the viscosity of the fluid changes with temperature. Therefore, the advanced flow
control valves often have the temperature compensation. The temperature compensation
is achieved by the thermal expansion of a rod, which compensates for the increased
coefficient of discharge due to decreasing viscosity with temperature.



4. Types of Flow Control Valves

The flow control valves work on applying a variable restriction in the flow path. Based
on the construction; there are mainly four types viz. plug valve, butterfly valve, ball valve
and balanced valve.
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Figure 5.5.12 Plug or glove valve

The plug valve is quite commonly used valve. It is also termed as glove valve. Schematic
of plug or glove valve is shown in Figure 5.5.12. This valve has a plug which can be
adjusted in vertical direction by setting flow adjustment screw. The adjustment of plug
alters the orifice size between plug and valve seat. Thus the adjustment of plug controls
the fluid flow in the pipeline. The characteristics of these valves can be accurately
predetermined by machining the taper of the plug. The typical example of plug valve is
stopcock that is used in laboratory glassware. The valve body is made of glass or teflon.
The plug can be made of plastic or glass. Special glass stopcocks are made for vacuum
applications. Stopcock grease is used in high vacuum applications to make the stopcock
air-tight.



Butterfly valve

A butterfly valve is shown in Figure 5.5.13. It consists of a disc which can rotate inside
the pipe. The angle of disc determines the restriction. Butterfly valve can be made to any
size and is widely used to control the flow of gas. These valves have many types which
have for different pressure ranges and applications. The resilient butterfly valve uses the
flexibility of rubber and has the lowest pressure rating. The high performance butterfly
valves have a slight offset in the way the disc is positioned. It increases its sealing ability
and decreases the wear. For high-pressure systems, the triple offset butterfly valve is
suitable which makes use of a metal seat and is therefore able to withstand high pressure.
It has higher risk of leakage on the shut-off position and suffer from the dynamic torque
effect. Butterfly valves are favored because of their lower cost and lighter weight. The
disc is always present in the flow therefore a pressure drop is induced regardless of the

valve position.
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Figure 5.5.13 Butterfly valve

Ball VValve

The ball valve is shown in Figure 5.5.14. This type of flow control valve uses a ball
rotated inside a machined seat. The ball has a through hole as shown in Figure 5.5.14. It
has very less leakage in its shut-off condition. These valves are durable and usually work
perfectly for many years. They are excellent choice for shutoff applications. They do not
offer fine control which may be necessary in throttling applications. These valves are
widely used in industries because of their versatility, high supporting pressures (up to
1000 bar) and temperatures (up to 250°C). They are easy to repair and operate.

J_:

Figure 5.5.14 Ball valve



Balanced valve

Schematic of a balanced valve is shown in figure 5.5.15. It comprises of two plugs and
two seats. The opposite flow gives little dynamic reaction onto the actuator shaft. It
results in the negligible dynamic torque effect. However, the leakage is more in these
kind of valves because the manufacturing tolerance can cause one plug to seat before the
other. The pressure-balanced valves are used in the houses. They provide water at nearly
constant temperature to a shower or bathtub despite of pressure fluctuations in either the
hot or cold supply lines.
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Figure 5.5.15 Balanced valve



Pressure relief valves

The pressure relief valves are used to protect the hydraulic components from excessive
pressure. This is one of the most important components of a hydraulic system and is
essentially required for safe operation of the system. Its primary function is to limit the
system pressure within a specified range. It is normally a closed type and it opens when
the pressure exceeds a specified maximum value by diverting pump flow back to the
tank. The simplest type valve contains a poppet held in a seat against the spring force as
shown in Figure 5.6.1. The fluid enters from the opposite side of the poppet. When the
system pressure exceeds the preset value, the poppet lifts and the fluid is escaped through
the orifice to the storage tank directly. It reduces the system pressure and as the pressure
reduces to the set limit again the valve closes. This valve does not provide a flat cut-off
pressure limit with flow rate because the spring must be deflected more when the flow
rate is higher. Various types of pressure control valves are discussed in the following
sections:

1. Direct type of relief valve
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Figure 5.6.1 Pressure Relief Valve



Schematic of direct pressure relief valve is shown in figure 5.6.1. This type of valves has
two ports; one of which is connected to the pump and another is connected to the tank. It
consists of a spring chamber where poppet is placed with a spring force. Generally, the
spring is adjustable to set the maximum pressure limit of the system. The poppet is held
in position by combined effect of spring force and dead weight of spool. As the pressure
exceeds this combined force, the poppet raises and excess fluid bypassed to the reservoir
(tank). The poppet again reseats as the pressure drops below the pre-set value. A drain is
also provided in the control chamber. It sends the fluid collected due to small leakage to
the tank and thereby prevents the failure of the valve.

2. Unloading Valve
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Figure 5.6.2 Unloading Valve

The construction of unloading valve is shown in Figure 5.6.2. This valve consists of a
control chamber with an adjustable spring which pushes the spool down. The valve has
two ports: one is connected to the tank and another is connected to the pump. The valve is
operated by movement of the spool. Normally, the valve is closed and the tank port is
also closed. These valves are used to permit a pump to operate at the minimum load. It
works on the same principle as direct control valve that the pump delivery is diverted to
the tank when sufficient pilot pressure is applied to move the spool. The pilot pressure
maintains a static pressure to hold the valve opened. The pilot pressure holds the valve
until the pump delivery is needed in the system. As the pressure is needed in the



hydraulic circuit; the pilot pressure is relaxed and the spool moves down due to the self-
weight and the spring force. Now, the flow is diverted to the hydraulic circuit. The drain
is provided to remove the leaked oil collected in the control chamber to prevent the valve
failure. The unloading valve reduces the heat buildup due to fluid discharge at a preset
pressure value.

3. Sequence valve

Pressure
+«—radjustment
screw

Control

/ chamber

Drain——

Secondary
port

Main

pressure line—— Spool

Direct operation
(Control signal)

Remote pilot =
pressure signal

Figure 5.6.3 Sequence valve

The primary function of this type of valve is to divert flow in a predetermined sequence.
It is used to operate the cycle of a machine automatically. A sequence valve may be of
direct-pilot or remote-pilot operated type.

Schematic of the sequence valve is shown in Figure 5.6.3. Its construction is
similar to the direct relief valve. It consists of the two ports; one main port connecting the
main pressure line and another port (secondary port) is connected to the secondary
circuit. The secondary port is usually closed by the spool. The pressure on the spool
works against the spring force. When the pressure exceeds the preset value of the spring;
the spool lifts and the fluid flows from the primary port to the secondary port. For remote



operation; the passage used for the direct operation is closed and a separate pressure
source for the spool operation is provided in the remote operation mode.

4. Counterbalance Valve
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Figure 5.6.4 Counter Balance Valve

The schematic of counterbalance valve is shown in Figure 5.6.4. It is used to maintain the
back pressure and to prevent a load from failing. The counterbalance valves can be used
as breaking valves for decelerating heavy loads. These valves are used in vertical presses,
lift trucks, loaders and other machine tools where position or hold suspended loads are
important. Counterbalance valves work on the principle that the fluid is trapped under
pressure until pilot pressure overcomes the pre-set value of spring force. Fluid is then
allowed to escape, letting the load to descend under control. This valve is normally closed
until it is acted upon by a remote pilot pressure source. Therefore, a lower spring force is
sufficient. It leads to the valve operation at the lower pilot pressure and hence the power
consumption reduces, pump life increases and the fluid temperature decreases.



5. Pressure Reducing Valve
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Figure 5.6.5 Pressure Reducing Valve

Sometimes a part of the system may need a lower pressure. This can be made possible by
using pressure reducing valve as shown in Figure 5.6.5. These valves are used to limit the
outlet pressure. Generally, they are used for the operation of branch circuits where the
pressure may vary from the main hydraulic pressure lines. These are open type valve and
have a spring chamber with an adjustable spring, a movable spool as shown in figure. A
drain is provided to return the leaked fluid in the spring (control) chamber. A free flow
passage is provided from inlet port to the outlet port until a signal from the outlet port
tends to throttle the passage through the valve. The pilot pressure opposes the spring
force and when both are balanced, the downstream is controlled at the pressure setting.
When the pressure in the reduced pressure line exceeds the valve setting, the spool moves
to reduce the flow passage area by compressing the spring. It can be seen from the figure
that if the spring force is more, the valve opens wider and if the controlled pressure has
greater force, the valves moves towards the spring and throttles the flow.



Graphical representation of hydraulic and pneumatic elements

The hydraulic and pneumatic elements such as cylinders and valves are connected
through pipelines to form a hydraulic or a pneumatic circuit. It is difficult to represent the
complex functioning of these elements using sketches. Therefore graphical symbols are
used to indicate these elements. The symbols only specify the function of the element
without indicating the design of the element. Symbols also indicate the actuation method,
direction of flow of air and designation of the ports. Symbols are described in various
documents like DIN24300, BS2917, 1SO1219 and the new 1SO5599, CETOP RP3 and
the original American JIC and ANSI symbols.

The symbol used to represent an individual element display the following characteristics:
* Function
» Actuation and return actuation methods
» Number of connections
* Number of switching positions
» General operating principle
« Simplified representation of the flow path

The symbol does not represent the following characteristics:
» Size or dimensions of the component
» Particular manufacturer, methods of construction or costs
* Operation of the ports
« Any physical details of the elements
+ Any unions or connections other than junctions



Earlier the ports were designated with letter system. Now as per 1SO5599 the ports are
designated based on number system. The port designations are shown in table 5.7.1

Table 5.7.1 Symbols for ports

Port Letter system Number system
Pressure port P 1
Working port A 4
Working port B 2
Exhaust port R 5
Exhaust port S 3

Pilot port Z 14
Pilot port Y 12

The graphical representation, designation and explanation of various components and
equipments used in hydraulic and pneumatic system are given in table 5.7.2. Readers are
suggested to study these representations carefully.

Table 5.7.2 Graphical symbols of hydraulic / pneumatic elements and equipments

SYMBOL

DESIGNATION

EXPLANATION

Energy supply

Air compressor

One direction of rotation
only with constant
displacement volume

Air receiver

Compressed air from the
compressor is stored and
diverted to the system when
required

One direction and two
direction of rotation with
constant displacement
volume
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Hydraulic pump

One direction and two
direction of rotation with
variable displacement

Rotary actuators

Pneumatic motor

One direction and two
direction of rotation with
constant displacement
volume

One direction and two
direction of rotation with
variable displacement
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Hydraulic motor

One direction and two
direction of rotation with
constant displacement
volume

One direction and two
direction of rotation with
variable displacement

Service units

connected devices, small
amount of oil is added to

Air filter This device is a
combination of filter and
N water separator
ii Dryer For drying the air
i Lubricator For lubrication of




the air flowing through this
device

Regulator

To regulate the air pressure

FRL unit

Combined filter, regulator
and lubricator system

Direction control valves (DCVs)

5/2 way valve

2 2/2 way valve Two closed ports in the
L i closed
T neutral position and flow
1 during actuated position
2 3/2 way valve In the first position flow
4 \ takes place to the cylinder
TIT In the second position flow
1 3 takes out of the cylinder to
the exhaust (Single acting
cylinder)
4 2 4/2 way valve For double acting cylinder
1 >< all the ports are open
1 3
4 2 4/3 way valve Two open positions and
>< 11 one closed neutral position
T T \J
1 3
4 2

Two open positions with
two exhaust ports




Direction control valve actuation methods

=

General manual actuation

(=

Push button actuation

=

Lever actuation

Detent lever actuation

Manual operation of DCV

[ Foot pedal actuation Mechanical actuation of
DCV
0 [ Roller lever actuation
_ Idle return roller actuation
/\/\/\t Spring actuation
[ Direct pneumatic actuation | Pneumatic  actuation of
_D" DCV

Non return valves

—O-

Check valve

Spring loaded check valve

Allows flow in one
direction and blocks flow in
other direction




Shuttle/ OR valve

When any one of the input
is given the output is
produced

AND valve

Only when both the inputs
are given output s
produced

SREENS

Quick exhaust valve

For quick exhaust of air to
cause rapid  extension/
retraction of cylinder

Flow control valves

Flow control valve

To allow controlled flow

L
T
st

]

Flow control valve with
one way adjustment

To allow controlled flow in
one direction and free flow
in other

Pressure control valves

L

Pressure relieving valve

Non relieving type

Relieving type with
overload being vented out




Pressure reducing valve

Maintains  the  reduced
pressure at specified
location in hydraulic system

Unloading valve

Allows pump to build
pressure to an adjustable
pressure setting and then
allow it to be discharged to
tank

Counter balance valve

Controls the movement of
vertical hydraulic cylinder
and prevents its descend due
to external load weight

Actuators

A

Single acting cylinder

Spring loaded cylinder with
retraction taking place by
spring force

Double acting cylinder

Both extension and
retraction by
pneumatic/hydraulic force




Design of Hydraulic Circuit

Problem Definition: Package lifting device

LED TV
packages

<«

Dispatch

conveyor

Hydraulic Package lifting
power pack table with belt
system with conveyor

lifting
mechanism

Figure 5.8.1 Schematic of a Package lifting system for LED TVs

For a dispatch station of a LED TV production house, design a package lifting device to
lift packages containing 21” to 51” LED TVs from the inspection conveyor to the
dispatch conveyor. Draw the hydraulic circuit diagram. List the components. Readers are
requested to assume suitable data.

Inspection
conveyor



Solution

By applying the principle of hydraulics and after studying the various sensors, pumps,
valves and hydraulic actuators, the proposed hydraulic circuit is shown in Figure 5.8.1.
Components required are listed in table 5.8.1.

Table 5.8.1 List of Components

S. No. Item No. Quantity Description

1 1A 1 Two direction Hydraulic
Motor with constant
displacement volume

2 0Z1 1 Hydraulic Power Pack

3 022 1 Pressure gauge

4 1Vv1 1 Shut-off valve

5 1Vv2 1 Pressure relief valve

6 1S 1 Flow sensor

7 5 Hose line

8 2 Branch tee




Proposed hydraulic circuit and its operation

11

072

Figure 5.8.2 Hydraulic circuit design for package lifting device

Figure 5.8.2 shows the circuit design for package lifting device. The two direction
hydraulic motor is run by using a hydraulic power pack. Required valves and pressure
sensors are also included for desired control action. Readers are requested to carefully
read the circuit and comprehend the circuit.

Once the hydraulic circuit has been assembled and checked, valve 1V1 and pressure
relief valve 1V2 can be operated in sequence to obtain the rotary motion of hydraulic
motor in required direction (clockwise/counter clockwise). This rotary motion can further
be converted into linear motion by using suitable motion converter mechanism viz. Rack
and pinion mechanism. Linear motion is used to lift the packages. It is required to
develop a PID based controller to control the operation of the valves. The pressure gauge
and flow sensor are used to monitor the operation continuously.



Problem Definition: Furnace door control

Design a hydraulic circuit for a furnace door to be opened and closed. Figure 5.8.3
shows the schematic of the furnace and its door that to be controlled. Propose a suitable
hydraulic technology. List the components. Draw the hydraulic circuit diagram. Compute
stroke speeds and stroke times by assuming assume suitable data.

Hydraulic system

for door opening /
closing

.

Figure 5.8.3 Furnace and its door

Solution

A double-acting cylinder can be used to control the movements of furnace door. The
cylinder is to be activated by a 4/2-way valve with spring return. This will ensure that the
door opens only as long as the valve is actuated. When the valve actuating lever is
released, the door closes again. Table 5.8.2 lists the required hydraulic and mechanical
components. Figure 5.8.4 shows the proposed hydraulic circuit.

Table 5.8.2 List of components

S. No. Item No. Quantity Description
1 0z1 1 Hydraulic Power Pack
2 022 1 Pressure gauge
3 151, 1S2 2 Pressure sensor
4 oV 1 Pressure relief valve
5 v 1 4/2 way valve, manually operated
6 1A 1 Cylinder
7 6 Hose line
8 2 Branch tee
9 1 Stop watch




Calculations
Let us assume the following data that required for the calculations:
Piston area, Apy = 200 mm?
Piston annular area, Apg = 120 mm?
Stroke length, S =200 mm
Pump output, Q = 3.333x10*mm?/sec

Now,

. A
Area ration, a=_"" 1 g7
PR

Advance-stroke speed, V,q, = = 166.665 mm/sec

PN

Return stroke speed, V= = 277.775 mm/sec

. S
Advance-stroke time, T,,,=—— = 1.2 sec

Return-stroke time, T, = =0.72 sec

S
VI‘EI

Travel speed ration, Ve _ 0.6

ret

Travel time ratio, Taon =1.667

ret



Proposed hydraulic circuit and its operation

—

Figure 5.8.4 Hydraulic circuit for furnace door control

Figure 5.8.4 shows the hydraulic circuit for furnace door control. Once the circuit has
been assembled and checked, the hydraulic power pack should be switched on and the
system pressure set on the pressure relief valve 0V to a pre-set value. By operating the
hand lever of valve 1V the opening and closing of the furnace can easily be carried out.
When this 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. The hand lever can also
be remotely operated by using suitable mechanism. Pressure sensors should be used to
measure the travel and back pressures.



