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Actuation a 

A1CTUATION • TUATDR AND"' . that makes somethings move o~ operate. Essential{ 
10.1. AC . er conversion device control signal into mechanical motion, and thy 
An actuator. is anfenp<>!/energy to con~erltfaorm is called actuation. e 
it uses a form o . cc:haruca 1 • 

f gy conversion tom d ~t \>-.'Orkplace. For ex:nmp e . 
~ o ener d t house an "' 

p Th tuators are encountere a erson enters a grocery sl1op. 
e ac . . of door ,.,hen a P 
• automatic OP-en.mg t of a car setit. 
• fonvard or backv-,ard movemen . d or lock in automobiles to ailerons in air~c.. 

d · from electnc O d fl 'd lin - ... 1.0. 
Actuators, are locate tn to o erate the valv~s, dan,pers an u1 coup gs etc. 

Industrial plants use actuators P . f t:ion and the power source. Linear actuators produce 

Actuators are classified by th~ type .
0 

mo y be along one or more. of the three axes X-X ,,,~. 
th 1 · ar n1otion ma ~, 

pull or push action ~d e me 
Y-y axis and Z-2 a,ns. 

y 

.. .. 
X 

X 

z z 
(a) Translational molJon (b) Rotational motfon 

Fig. 10.1 Types or motron 

The rotationnl motion is the motion of a rigid body along one or more of the three clXis along 
the X-X axis, Y.-Y axis and Z~Z axis. 

Depenclli'lg upon the power source, ae:tuators are categorized as : 
• Elechn1nr.c/1n11icfll nclrtnfors · These actuators use AC, DC or s tepper electric m_otors to 

conver.t electri<!al energy into n,ecluinical work. 

• J:'/1,i,I pozut!,. flCtr,ntt>rs : 'f.hese actuators use flwd energy that is transmilted tnrougn 3 

fJuid under pressure. The fluid used is a liquid (water or oil) in a hydraulic actuator, 
r111d con,~iressed aiT or some inert gas in a pneumatic actuator. 

328 

·-~ • • (Tier.in/ based ncti,alors : Tile operation of th 
• Active. ~:e materials like piezoelectric and ma ~se tr~UCffl :Js1 

tliat 
5 

·n their character when subjected to some~hos~~ve ~ten~ 
1tange • dim · 1 P YStcal tntera,ction.;~---.--· ... c . l \JI\dergoes a ens1ona change when vo1ta . . ,..,u::p~ 

ftlater~ is utilized to produce actuators. The magnetos~i~ applied and thatcl --·" 
ch;: it is subjecteci to a . magll;etic field . ve matedal ehattger) ti"i 
w new field, the active material based actuators ha been 

'f}lotsgh a jprnen t, fluid control devices, aerosP.ace and ~e 111&1.11 11sed -tit 

! 
o1edical eq~cturing and process monitoring equipment au motive monitoring~ 

b o . -iof\ Jllall ~::::-_-----

P.retlS ecHANICAL ACTiUAtlON SY.STEMS 

10,l! !IA ·cal actuation S)'Stems are essentially the mechanisms formed i.., \blin 
~~eeha:~s in such a way that the motion of one member causes thec~wgan~ 

of rigid bof th1t:e otheri member. A n1odification in motion and its "--· ' t;.._ lpredictab]e_ 
. o 1· . uGJo,et .uum one ocatioh ID 

a,ottof'l hieved through app ,cation of specially. designed rigid interfacl:n d 
aflothef ishac. oid bodies are call eel 111ecl1111ticnl co11111onc,, ts and tnese are cate g.:~~ponents an 

' ts sue t'lo· go,u.cu as : 
utu · ·ve components , pas:,i 

~,e components 
• aCu• 

'[he passive components d~ not transfer the mechanical po,ve.r: and include : nut-bol~, screws, 
_ nd "vashers. The active con1ponents serve to transmit power in terms of force arid 

sprtflgs ~d motion regarding its speed and dir,ection. Examples of active components are : lcinematic 
tl)IqUe, n . dri d . 

. 1..,..lt and chain ve, gears an gear. trams, cams and followers, bearings and ratchet-pawl 
~~s,~ , 

hc1JU.5II'l etc. 
plCC 1· . f th nv· "--t al The different app 1cations o ese:ac e mec,uuuc components are ! 

• conversion of the reciprocating/linear motion of the piston into rotational motion of the 
crankshaft in an internal combusbon engine. 

• transformation of the cl'otational motion of ll,e cam into translatory motion of the follower 
in the cam-follower. arrangement . 

• change 1n magnitude and direction of speed by using gear train. 

• transfor1nation of motion in one direction ihto motion in another direction at right an~e: to 
it b}' using bevel gear. 

• change of linear motion to circuJar motion and vice versa by the slidex<rank mechanism. 
The employment of these mechanisms \vi trun a mechanical system may also provide mec~ 

~dvantage, i.e., amplify the force. "f.he te1 Ill loading associated with these active components refers 
to several factors such as : 

- force~ torque and speed of rotation. 

- accuracy, precision and po\Ver consumption. 

These units ha\1e been di.s<=ussed in the follo,-v.ing sections regarding their pu~, COIUJb:uctlon 
and operation. 

~o.3. KINEMAT:IC LINK, KINEMAtlC PAIR, MECHANISM AND l4ACHINE 
~ch part of a machine ¼·h1ch conneC?ts other parts having motion relative lo it is called a kinematic 
l[fuk or sinlply a link. "/\ link may also consist of a number of parts whjch are 50 coMectedthat ~ 
orrn one unit d an have no motion relative to each other. 
~- Witb reference to th.e piston-cylinder arrangement 0£ a reciP-rocating steam en~ sboWli.:~ 111g. 10.2. . 
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Fig. 10.2. Schematics of a steam engin~ 

. c Linder and piston of steam engme constitute four links 
(i) Crank, c~nnecting r:ilink moving relative to one another. . ~h 

element 1s a separa_ . d . eludes the engine frame and all other stationan, 
Link 1 is the fix~ hnk :1" 10 

-1 Pilrts t~ 

cylinder, and mam ~-~haff ~nd flywheel, both having motion of rotation abo"t h 
Link 2 includes cran"" " t e fu.ed 
axis. ..:~g rod having oscillatory motion. 
Link 3 is the connec ... , h d h · · 

ds I the piston piston rod and cross• ea avmg recLprocating . 
Link 4 correspa~ o ' Tectil~

1 
translatory motion. . .. 

. p· t iston rod and cross head of a steam engine are ngtdly fastened together and 
(u) 15 on, P 

I 
ti. e 

10 
one another They constitute one unit and are taken as one link. do 

not move re a v · 
(iiQ Connecting rod, big and small end bearings, caps and bolts constitute one unit and ate 

taken as one link. 
The Links are generally classified as: . . 
(i) Rigid link: a link which exhibits no relative deforma~on betw~en two parts when it isacll>d 

upon by a force system. The distance between any two particles remams constant, i.e., the size al1d 
the shape of the link do not change. 

A link need not be a rigid body but it must be a resistant body. A body is said to be resistant~ 
it is capable of transmitting the required motion with negligible deformation. 

(ir) Flexible link: a link which gets only partly deformed while transmitting motion. Howevei, 
a flexible link does not affect transmission of motion which is either a pull or a push in one directill!I 
only. The typical examples of flexible link are the belts and springs. 

(iii) Fluid link: a link formed by having fluid in a container. The motion to other componenl! 
is through the fluid by pressure or compression. Hydraulic brakes, jacks and presses represent 
fluid links. 

10.3.1. Mechanism, machine and structure 
:vtecJ1m1is111 is an assemblage of number of bodies (usually rigid) assembled in such a way ~ l 

motion ofone causes constrained and predictable motion to the other. The function of a mechamsm 
is to transmit and modify motion. Some examples of mechanism are type writers, watches, dock! 
a nd spring toys. 

:"11'c/line is a mechanism or a combination of mechanisms which (apart from imparting definite 
mo_tion to _the parts) transmits and modifies the available energy into useful work. Steam~ 
reciprocating compr('<:sors and pumps are the machines derived from slider crank mechanism. 

Slructure !s a combination of a number of resistant links which are meant for carrying loads; 
are ~.nder the influence of forces having straining action. There is neither any relative motion betW it 
the !mks of a_structure nor any useful energy is transmitted by it. Typical examples of a str11clU 
are the machine frame, bridge and the structure of a roof. 

l(inematic pair and types at ffloti 
0 3•2• · · · t ftw 1· on 1 • . untie pairis a JOlll o o inks or elem 

A k111e1 . between them. ents of a maddne; 
·ve !JlOtton . . 

,el3t1 reference to the reaprocatmg engine, the kine • 
With eran1<5haft with bearings which are fixed tnatic pairs 
1· erank with connecting rod 
2· connecting rod with piston 
3· piston with cylinder 
4
· theT the relative motion between the two links f 

fut fu]]y' constrained to make the required pair. 
0 

a kinematic pail: has lO 'be-
,,ess . d . 

su CoJJlpletely constraine motion: Motion between the . . . . 
(a!cuve of the direction of the force applied. The co _patr 15 ~~ to a definite 

irresP nstramed motion IS completed by its' 
unJ<s· 

Fig. 10.3. Completely constralned motion 

Examples of a completely constrained m.otion are 
_ rectangular bar in a rectangular hole 

_ shaft with collars at each end rotating in a round hole 

- piston and a cylinder in a steam engine; here the piston has only a reciproc tin motion. 
relative to the cylinder irrespective of the direction of totation of crank. a g 

(b) Incompletely c~nstrai~ed ~otion: M~tion between the pair is in more than one dir~ 
The.re occurs a change m the direction of relative motion with change in the direction of im~ 
force. 

A ~cular bar moving in a round hole provides incompletely constrained motion. Herethd,ai, 
can reciprocate or rotate, and both these motions are independent of one another. 

ROUncj 
hole 

Fig. 10.4. Incompletely constrained 

Shaft 

Load 

~ 
Shaft 

Foot 

Fig. 10.5. Partially 
(Foot step bearing) 
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. d motion: Motion between the elements f 
o1,111ccessfully c~ns~:;, by sonie other means. o,g ' 
eted by itself but IS do bearing is made completely constrained b I\ 

c;irallarshaftinafootstep Yapp!. 
ofa • Fi . 10.s. . ~~ 

(olce&S shown m_ g trained motion are. 
leS of partially cons 

e,camp bine 
r.\ .....,.r of a vertical tur their seats by a spring. 
\II. xv>- hich are kept on 
•:-. IC engine valves w • 

(11, • of a kinematic pair 
10 S 3. c1 ... 1ficat1on . d rding to type of relative motion, type of conta 

• A•kiJIDlllltic pair may be c\assifie acco ct ilnd ~ 

otdosure-
L Type of relative motion 

Kinematic pair 

l r • . . Rolling pair Sliding pair Screw pair Spherical !lair 
Tummg p91r . . h th link 

. . nnection between the two links is sue at one can rotate or o . 
(i) T1m1rngp111~Theco ther link The turning permits only one degree of freedom. 'ImsScil!a11 

about the fixe~ a,as of :m:int or a ;evolute pair. Examples are: Patin 
also called a hinge, a pm l 

• lathe spindle supported in head stock 
• cycle wheels turning on its axles. • . 
• haft with collars at both ~nds, fitted mto a circular 

(ii) ~lli;g pair: The connection between the two links in such way that one link can roll oVt1 

another link, which is fixed. 
Ball and roller bearings, wheels of locomotive and castor wheel of ~olleys'. etc., conslitule 1"' 

rolling pair. In a ball bearing, the ball and the shaft constitute one rolling patr whereas ball and 

bearing is another rolling pair. . . 
(iii) Slitting or prismatic pair: The two elem~nts of th~ pair a~e conne~t:d m sue~ a way ~at or, 

link can purely slide over another link. There 1s a relative motion of shdmg only m one direcboo 
(along a line) and as such only one degree of freedom . 

Examples of sliding pair are: 
• piston and cylinder 
• ram and its guides in a shaper 
• taHstock on the lathe bed 
• cross-head and its guides in a reciprocating steam engine 

(iv) Screw pair: The connection between the links is such that one link can tum about anotha 
link by means of screw threads. Both axial sliding and rotational motions are involved. Howevei. 
the sliding and rotational motions are Telated through helix angle, and the pair is said to have~ 
degree of freedom. The rotating lead screw operating in nuts for accurate transmission of mol!On 

as in lathes, machine tools and measuring instruments form the screw pair. . . 
(v) Spherical or globul pair: One of the elements is in the form of a sphere and it turns or swi~ 

about the other element which is fixed. For a given position of spherical pair, the joint pe.r~ill 
relative motion about three mutually perpendicular axes, and 50 has three degrees of freed.om. 
and socket joint, pen stand, and the attachment of a car mirror represent the spherical pairs. 

I) Cylilldrical pair: The relative motfon.ln 
(1' tioll parallel to the axis of rotation ~~.-c;: 

tra~::ical pair has two d~grees of freedom. -•"etn 
cyh haft free to rotate m a bearing and 1so 

p,.s . a &eeto 
, drical paJT. 

cyhn 
e of contact 

Z. 'f~e unks of a lower pair have surface contact while. 
. or sliding. Examples are: lllftlOtlon 

111r~~the spindle supported in headstock 
• shaft revolving in a bearing 
• straight line motion mechanisms 
• universal joint and a~tomobile steering gear. 

The links of a higher pmr have point or line co lac 
· All I'd · n t,andthere!attv •ding and h.Urung. s J mg, screw, spherical, cylindri el11Qtliii( 

sli · Examples are: cal, revolute--r .... falt 1 wer pairs. r-• 
0 

• ball and roller bearings 
• cam - follower 
• belt, rope and chain drives 
• meshing gear-teeth 

With reference to Fig. 10.6 where link 1 is fixed: 
• there is asurface contact between link 1 and link 2 

and they constitute a lower pair. 
• \inks 2 and 3 comprise a turning pair 

• the pair of links 3 and 4 represent a higher pair due to a line contact beb\llih; 

3. Types of closure 
A self-dosed pair is formed when the elements constituting the pah ate' 

mechanically and only required kind of motion occurs. The lower paiisre~aelf. 
There is no mechanical connection between the two links of · 

the unclosed or force closed pair. The contact is maintained by 
an external force which may be either due to gravity or by spring 
action. Cam and follower are connected by forces exerted by 
spring and gravity and form an unclosed pair. 

With reference to Fig. 10.7, we have: 
• The links 1-2, 2 - 3 and 3 - 4 form a dosed pair 
• The Links 4. - 1 is a force-dosed pair 

10.4. KINEMATIC CHAINS AND THEIR INVERSIONS 
A kinematic chain is such a combination or coupling between kinematic pair&_. 
forms a part of two pairs and the relative motion between the linksiscomp 
constrained. The pairs are coupled in such a way that the last linkjoim thex""~~ 
motion is transmitted. 

_Consider the following kinematic pairs formed by the links in the 
engine: 

• cylinder and piston 
• pis ton and the connecting rod 



•..:.:1 Qiectank . h . -L .. wfflm& i rrcd to as kinematic c ain. 
-u-c,- ·rs can bt! re c 

tlon ol aU theSe pat connedin9 rod Cylinder 

~ 

Piston 

fig. 10.8. Splider crank chaln 

the number of pairs (p), number of links (nor l) 
. rreiations e:-.ist bet-,•~ . and 

1he followin8 co . IJnemabc chain. 
lhellllfflberofjoints(/)rornunga . - ~ rr -2 

11 = 2p = 4 and J - 2 . . . ··•(10.1) 

ch link forms two pairs W1th ad1acent links. Mor. eave th 
· that ea I · F th t, ese This is on the assumption th chain comprises only ower pair. ur e r, the foll . 

-'·tionS are essentially valid when !<lie_ to detennine the nature of chain. owing 
ICIO ted by• AW en relation has been sugge.s 

I. = !: = ~ n - 2... ~-(10.2) 
22 · d"•'-. . 1 15- the number of higher pairs an 11 1s me number of links 

· · th mber of 1omts, 1 -
where J 15 e nu 1 0. ns to a chain having ternary and quaternary joints 
When applying the above re a o . . . 

1 ternary joint = 2 binary 1omts c 

2 quaternary joint = 3 binary join~ 
• The chain is called a locked chain when the LHS lS greater 

RHS Th locked chain represents a frame or structure than . e 
which is used in bridges and structures. 

• The chain is called kinematic chain when LHS = RHS 
• The chain is called unconstrained chain when LHS < RHS 

Co11sider mr arrm1geme11t of three links 
AB, BC and CA with pin joints at A, B and C (Fig. 10.9). Here 

n=3 ; p =3and j=3 

Applying the condition: 11 = 2p - 4 
3 = 2 x 3 - 4; 3 = 2, i.e., LHS > RHS 

Applying the condition: j = f n- 2 

3 
3 = 2x3- 2; 3 = 2.5, i.e., LHS > RHS 

3 

A ----,----.a 
Fig. 10.9. Three-llnk 

mechanism 

C 

The arrangement of three links does not satisfy the 
n~essa~y co~d.itions and obviously does not form a A._.....1.. _________ ..., B 

kr.nematic chain. Such type of chain where LHS > RHS is 1 

called locked cl,ain. This chain forms a ri<>id structu ( Fig. 10.10. Four-link mechanism 
poss"bil "ty f 1 . o· r e no 

1 1 . o re alive motion) and is used in trusses and bridges. 

. Consider an arrangement of four links AB, BC, CD and DA with i·oints a t A, B, C and D 
(Fig. 10.10). Here 

11 .. 4; P 2 4 and j •-4 
he conditions prescribed by equatton,101 

Mplfi"S t " = 2p - 4 ; 4 - 2. IC 4 - 4 ~ .... ,.~ ...... , 

. 3 3 
,• -11- 2 • 4• 4 2 2 , 2)1 - =-4, Uls-

,,11d ment of four links satisfies the necesaa 
'ftle orr"nge a kin e matic chain. Further, lhe P<>siti ry ~ 
• 1151)' f~~s fficienl to define the position of other~: a Single liftk 

ob"',.
0 
aS p,.D is _!:iu then called a kinematic chain of one din • The four bar 5 

~,,. nt 15 . egree freed 
~ "gelf\e the conditions of_ equations_ 10.~ and 10.2 are a lied on,. 

wi,en f five links (Fig. 10.11), 1t will be found that tpHS to an A 
.iflgettl~t ~ondition is thus n~t satis_fied and accordingl the < RHs. ~1.1; :I 
~ e<iuabtyt does not form a kinematic chain. Y five-bar 1 
""""gernen _.--.ngemen t where LHS < RHS is called unconstra· 
w- 1, an .... - · · ed ined chain , • 11..;; 

511c letely constrain - • .,.,,, -=ltla~ 
iS 0ot co!TIP gement of six links would satisfy the necesc::.n, conditi ( 

•11arrar' . h · -, ons LHS•liua -" ldnemattc c am. • .. '!'3J,--.,., 
(of111S a. atic chain having more than four links is called th 

A ){itleJY\ f . • f . e compound w..__,._~ 
'fhe different types o !omts as. ~und m a chain are classified as : .... EUfilQC .......,~ 

8 ary 101111: Two lmks are Joined a t the same connecti The hain 
(~ h: four links and four binary joints at A, B, c and~~ c 11howninF.rga~t\tJ 
("~ Temnr)/ Joint: Three links are joined at the same connection Th hain 11 

10_12 (n) has six links, three binary joints (A, B and D) and ~o t~ ~:a, 
G 

D 

(a) (b) 

Fig. 10.12. Ternary and quaternary joints 

(ii~ Quaternnry joint: Four links a re joint a t the same connection. The chah) • 
l0.12 (b) has 11 links, one binary joint (G), four ternary joints (A, B, £.andt} 
quaternary joints at (C and D). 

EX.AMPLE 10.1 
Check th 
link an e nature of chain and identify the links as binary, ternary or sofridt 

angement as shown in Fig. 10.13. 



,1 
'•· •• 1h 

n 

of links has: 
en assemblage . ternarJ joints (A, B, C, D, E and P). Sin . 

1,1nary joint (G) and six f binary joints in the system is ce tel"ll.lr,,. 
• ts, the total number o . ' ~ 

Joi"1 + 2 ,c 6,. 13 ll 

. . .~n-2, we have 
Applying the equation, J 2 

13 = ! ,c 10-2 = 13 
2 

. al . ht hand side, the given arrangement 
d "de IS equ to og kin . 

Smcethleft ~~:V condition and obviously represents a ematic or A 
satisfies e n"'"~-, 
o,nstratned chain-

n..- of freedom . . . ..,..It'"-- f mechanism 1s defined as the number of inputs th t 
The degree of freedom 0

h a a constrained motion of the other links, i.e., tnecha ~eed lo~ 
· dtly~~~to~ q-mdepen en useful technological purpose. c:aii~ 
brought to serve a p· 1014 (a) the angle 0 is sufficient to define the relative m . 

With refer~e to •~· ~anism has a single degree of freedom. The five-link Olion cf ii 
links and accordingly thisdsm both 0 an 0 to define the motion of all links and so th Olechd an~~ 
depicted in 10.14 (b), nee . 11 2 e ~ ~ 
freedom of this arrangement IS two. 

D 

(a) 
Fig. 10.14. Concept of degree of freedom 

(b) 

The number of freedom of some of the systems most commonly involved in mechanisms Jill 
machines are given below: 

(r) A rigid body has no restraints and has six degrees of freedom. 
(ir) A circular shaft rotating in a hole and also having motion of translation parallel tom 

of rotation has two degrees of freedom; angle turned and displacement. 
(iii) A rectangular bar sliding in a rectangular hole has one degree of freedom; lioor 

displacement only. I 
(iv) The resolute or turning pair has a single degree of freedom; this connection allows only 

a relative rotation between the elements 1 and 2. 
(v) A ball and a socket joint has three degrees of freedom. 

(v,) A screw pair has one degree of freedom; the relative motion between elements 1 aJli 
2 is only rotational. 

(v11) The position of the crank of a slider crank mechnism has one degree of freedolll 
position of crank is expressed by the angle through which it has turned. 

L] 
1 

Fig. 10.15. Inversions of a four-bar chaln 

n,e main properties of inversion are : 

1_ The number of inversions that are possible is equal to the . . 
I.cinema tic chain. number of links in lhe P'Jenl 

2. The relative motion ( displ~cem~t velocity and acceleration) between diU . ~ 
a property of the parent kinematic chain and as such the relati erentlinb 11 

two links would not change with inversion. ve motion between~ 
3. There may occur drastic change in the absolute motion of • 19 arious !&ti. 

(measured with respect to the fixed link) from one rnversion ':°the:;, 
A mechanism is formed by fixing one of the links of a chain and apparent! ~ 

mechanisms result when different links of the same chain are ch= to become the ax!t link.~ 
process of choosing different links to become the fixed link is called kinematic inversion ind Ifie 
mechanisms obtained by fixing different links of a kinematic chain are called its illllfflicmL ~ 
though a four bar chain with single degree of freedom constitutes a kinematic chain, Ilaire,, 
other chains also which provide inversions of practical utility. 

A q11adrnhc cycle d1ni11 is the simplest and basic kinematic chain consisting of four links 
are connected in the form of quadrilateral by four-pill joints (turning pain). The 1inb 
turning pairs and are capable of transmitting definite or completely constraihedmotion. 
!or continuous relative motion between the links, the sum of the lengths of the 
longest links is not to be greater than the sum of the ~ 
lengths of the remaining two links. 3 

An f th link ",,--...... B Y o e links, in particular the shortest · ·, , 
which may be able to make a complete rotation is ,' 
known as crank or driver. With reference to Fig. 10.16. 1 

I 
(1) The link AD (link 1) is fixed, and is referred \ 

to as frnme of the mechanism. ',, ., 
(iQ The link AB (link 4) makes a complete rotation .... _ - ' 

and is the crank. 
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~ . the fixed link is called the coupler. 
IJ,.~ link BC (link 3) oppasite to rtial rotation, i.e., oscillates and is known as / 

~fnhe link BC (link 2) makes a pa tiler or 

,ocktr or fellou.1tr. crank and lever. 
'Ihe coupler connects the . de chain is the coupled wheel of a locomotiv ( 
An important inversion of quadratic ctiron of one wheel to another. e double 

'tf rotary mo 
crank) meant for uansnu mg AB and DC which are of B 3 

n,e system has two cra_nk5 . centre of wheels. The c 
equal radius and conn'<:t w1~ ~e:S the centre distance 
link AD is fixed and it main a I link BC transmits 
between the wheel centreS, The coup es 

1 the motion from one wheel to the other whee . I f Wheel 1 ,., 

The ---'--nism couples the two driving ~hee s o a "h I ="' ·t 0 1-:irv motion of one Fig. 1o.17. Coupled Wheels ee 
locomotive and servers to transnu r - ' of a locomotive 
wheel to the other wheel. . . f . . 

sl
.d _,. cl . is another four bar linkage conststing o one sliding pair and 

The r er crn,.,.; rn111 • three 
turning pairs, and it is meant _for converting 
reciprocating motion of the p1Ston of an LC ConnecUng rod 
engine into rotary motion of the crank. . Crank 

With reference to Fig. 10.18, the four links 
are: 

Link 1 (frame of the engine including 
cylinder and pivot) which is fixed; Link 2 
(crank); Link 3 (connecting rod) and Link 4 Fig. 10.18. Slider crank chain 
(piston). 

The sliding pair is formed by cylinder and piston (links 1 and t\), and the three tunung . 
are formed by frame and crank (links 1 and 2), crank and connecting rod (links 2 and 3)~tr~ 
connecting rod with piston (links 3 and 4). n 

When the piston reciprocates inside the cylillder, the connecting rod oscillates and the crank 
rotates 

The two common inversions of slider crank change are : 
(r) O~cillnli11g cyli11der e11gi11e that converts reciprocating motion to rotary one. 

T_he connecting rod (link 3) is fixed and is connected to piston rod (link 1) at point A When 
the piston attached to the piston rod link reciprocates, the cylinder oscillates about a pin pivoted 
to the fixed linked at A and the crank rotates. 

',, 
' Crank\ 

@..,_.'fm'77lllim:fm77r7m,Tr77rrr,.,. (ltnk 2) \ 
I 
I 

I 

... ,.,,' ___ .,.,, 

Fig. 10.19. Osclllat1ng cylinder engine 

Cylinder 
(tink4) 

Cylinder 
(Unk 4) 

Connecting rod 
(link 3) 

Crank (link 2) 

Fig. 10.20. Pendulum pump 

d t1,1111 pump used for supplying feed 
(iO Pclll \inder of the sliding pair of the basic Wa~ lo ~ 

~S the ite the connecting rod (link 3) OScilla slider Cl'anlc i:hafri; 
ade to ;e piston attached to the piston rod U: a~t a pin fittea~ 

rl1 jtll- 4)• rec1procatea inside 
(I seLT AND CHAIN DRIVE 
10,5• r:ni5sion of power in factories from one rotattn 
'(11ei:ran5.

5 
achieved through belts and ropes Th gshafttoanotherthatru. 

nee , II d . . e shafts ar fi ._ 
diSta d round the pu eys an 11s ends are C e tted With pul&.:...r d.c ....... :iW 

J'e · · 01lnected to f -,~ 
1~raP d the pulley remain m contact by fricti 1 . onn an endl• 

Its an ona grtp. 
~ I T 

2 
I 
I 
I 
I 

---~---
' 

---------------
I 
I 

Tension side T 1 

Fig. 10.21 . Belt drive-open system 

With reference to Fig. 10.21, the pulley A which is connect d t h . 
B h d . e o t e rotating shaft ill called 

th /river. The pulley t at nee s to be dnven is termed asfi // Wh . 
e 1 £ rr· . . 0 ower. en tM dnver rotates 

it carries the belt because o iction that e,osts between the puJley and the belt. The frlctlonai 
d•istance develops all along the contact surfaces that makes the belt th , II 

T= • , • carry e ,o ower which 
too start~ rotating. The ~Vlng pulley pul!s the belt from one side (called tension side) and 
delivers 1t to the ~ther side (called slack side). The tension r

1 
in the belt on the tension side 

is more than tension T2 on the slack side. 

Two parallel shafts may be c~nnected by open belt (Fig. 10.21) or by cro55 btlt (Fig. 10.22). 
In the open belt system, the rotation of both the pulleys is in the same direction. If a crossed 
belt system is used, the rotation of pulleys will be m the opposite direction. 

I 
Driver 

T, 

Fig. 10.22. Bell drive-cross system 

The angle of contact in this system of drive is more and accordingly it can transmit more
power than open belt drive system. However, the belt wears out fast at the pl.aces w~e 
crossing takes place in the crossed belt system. Further, for small centre distance, the bt!lt 19 

not fully utilized because of its larger slanted run off. 
Wh -1 wer from one shaft to another, l: en a number of pulleys are used to transrru po 

rompouud drive is used 



·-----------
I 
I 

------------

Belt drive-<:ompound system 
Fig. 10.23-

1 1 drives pulley 2. Since pulleys 2 and 3 are k 
With reference to Fig. 10.23, ~ul e{ pulley 1. Subsequently, pulley 3 drives puUe eyed lo 

the same shaft. pulley 3 is also dnven Y ystem and all the pulleys rotate in the same/ 
4
· :he 

t COnfomis to extended open 5 ll'ection 
arran~men · 

It terlal and sections 
10,5,1, Be ma . nd of fle,cible material having a rectangular, trapezoidal 

A belt Is a continuous ba . ty f bells are available including those made of 1 and 

d 
lion Large vane o b . . eatne 

roun cross-sec · f b . a.nd synthetics. Belts and ropes o tam their flexibility f r. 
fabric rubber impregnated a nc d rotn , . I f hich they are ma e. 
the distortion of the mateno o w 

Flat Belt . 
A flat belt is a belt with a narrow rectangular cross-section. The flat belts are easier t 

use and are subjected to minimum bending stress. The load carrying capacity of a flat be~ 

depends on its width. . . . 
Material used for belt is generally leather of vanous types hav1~g ultimate tensile strength 

between 4_5 and 7 N per cm width.. For heavy duty, two or three p~es of leather are cemented 
and pressed one above the other. Such belts are _called double or triple ply ~ells. Leather belts 
have the best pulling capacity, can be used both m dry and wet places at ordmary temperature 

but are costly. ' 
Belting is also made from plies of stitched ~anvas impregnate_d with rubber or balata gum 

and is torrespondingly known as rubber belting or ~alata beltmg. Rubber belts give best 
results in damp condHion as they do not absorb moisture as readily as leather. However 
they are quite expensive and get ruined in the presence of oil and grease. Balata belts ar; 
acid and water proof and are used in heavily saturated steam laden atmosphere of dye house 
or where chemical fumes are likely to affect. 

Steel belts are immune from stretching and slipping, remain unaffected by dampness or 
heat, and transmit more power per cm width .. 

The mid section of Oat pulleys is provided a slight dwell lo prevent the belt from running 
off the pulley. This is referred to as crowning of pulleys and may be rounded or tapered. 

rn rn rn 
Ftat belt V-belt Circular belt 

Fig. 10.24. Belt cross-section 

·s a belt of trapezoid section rllnnin 
~ v,t,elt I usually made of cotton fabric g on Plllley. 'Wit& .t,:.:t~ ~-~ 

f. ...,us a:e d cross-section. ' cords and ... 1.1.-_. ~ v-.,., d si.re ... .,.. ~ -
11'1\!s of . epl features of V-belt are . ·••""'11 '.i,; 
fl~~ e 5aL1e ve angle in the pulley for runm 

'{11 file gro\oth sides of the pulley but d ng the belt is bet,. 
(i) ,.e5ts 0 "d pulleys are generally made of~ n?t toUch the bo~ CO- and &Re fN1':. 

0ve be cast iron •- of the-~~·~• 
'(/" wedging action tween the belt and sides · 

(
-~ 111e d that reduces the chances of slip . of the gr00y,. 
,1, ·p an D t d Pll'lg . the . increa.. the 

gfl f the groove. ue o re uced slippin V re IS no J)Osajhm... ~ 
out O 

15 
are used when the distance be twee: the-belts offer a 111~ ... ,, ~ fielt ~ 

(iii) v-~rge and large power is to be l:tansnutted shafts is short,~ drive. 
are ·d al centre distance for V-belt drive is 1 25· ~ 
1Jle I e . to 1.5 times the d" 

PtJ]leY- be I ta111eterofthe1•-
!tiple V-belts can emp oyed for gteater -5"1" 

(10) ~i~ system, the machine does not come to ~ower outputs. purther . the 
dr~\ drives run quietly at high speeds and 

5 
op even if one belt fai~ lllWliple 

( ) v-= . . d are capabl f r er reductmns m spee are possible in a . 1 . e o absorbing high 
(t'I) l.,ilrg smg e drive by USi V ahock. 

puUeys. ng -belts over &mall 

Th
ere is better initial installation and replaceme 

(u:1J 'J bl . fi . nt due lo stand d" 
y.t,elts are ~va\ a de i~h :e. sech~~ ~es_ignated as A,B,C,D and E ilr d IZation of V-bell!I. 

..i.r ofincreasmg ho? s . Tha is, sec! ion is used for light loads nl, an these are used lri 
ci- 'Y duty mac mes. e ang e of V-bell for all . 0 Y, and section£• used 
for 1,e1, sechons is about 40-degree IS 

~~ . 

n,eround cross-section belts are employed whe 1 . 
iJlll\5tnlll1ents, house hold appliances, table top mac~i~:1:;:; to be_ transmitted such 11 
u,dllllrY· machmery of the clothing 

n,ese belts are made of leather, canvas and rubbe Th . . 
8 d th I r. eir diameter . lly 

ringt ~ ~ to mm, an e a lowable ratio of the diameter 15 usua within the 
diJD,eter IS about 20. of smaller pulley to the belt 

10.s.2. Velocity ratio, slip and creep 
Thnrlocity ratio of belt drives 1s the ratio of the speed f d 
rJllty. 0 nven pulley to that of driving 

Let r/1, d2 : diameters of driver and driven pulle s 
001, Cll2 = angular velocities of driver and driv;n pull 
N N - 1· I eys 

1' 2 - rota 1ona speeds of driver and driven ulle . • . 
per second (rps) P ys, expressed m revolutions 

Llllear speed f d · • d 0 nving pulley = ro1 x 1 
2 

Linear speed of driven pulley = Cll2 x dz 
Presu · 2 

1... ming that the b it · · I · """'"11 the belt e is me astic and there is sufficient friction to prevent any slip 
and pulleys, both the pulleys will have the same linear speed. That Is 
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f.undarnentals o 

,I. !!l. 
Olt )( t "CJl? )( 2 

~. d, or 
CJl1 dz 

!!,i.,,~ 
That gives : N 

1 
ti, . ··(l0,3l 
• f h velocity ratio of the rotating pulleys. F 

• easure o t e · / t· 1 llrth 
Th

e ratio N
2

/ N1 1s m . d 0r II pulley is inverse y propor 1on11 to its ,t· er, it 
. n 10 3 that spee ~ rnmet 

apparent from equatio j . taken into account, then er 
If thickness t of the be t is d t 

d + I _c:_ 
,..J...- = W2X 2 

V = W1 2 

N2 d1 + I 
.. Velocity ratio Ni = ,1

2 
+ I ··00.4) 

1 
•ty ratio• When the frictional grip between the belt 

Slip a_11d its_ effect:~:: ;;~urs som~ forward motion of the driver without caa
nd

-PUllej 
becom~s •~s~~c1:::;tive motion between the pulley and belt is called slip. The :ng lhi 
belt with it. 

1
. e ds of the pulley rim and belt is the measure of slip. e~ 

between the inear spee 
Let S = percentage slip between driver and the belt s: = percentilge slip between belt and the follower (driven pulley) 

Linear velocity of driving pulley 
d, 

v1=c.1,,.2 

Due to slip between the driving pulley and the belt, the velocity of belt will decreast 

Velocity of belt = v, - v, x :~ = v, ( l - 1cicJ ) 
This will also be the velocity of belt as it pilsses over the driven pulley. As there is slip 

at the driven pulley also, the velocity of the follower pulley will become less. 

Linear speed of the driven pulley 

= v1 (1-~)-v1(1-~)x~ = t11 (1-~)(1 -~) 
100 100 100 100 100 

= u, (1 - s, + Sz + 0.01S,S2) = V1 (1 -2-) = w, X ~ (1 -~1 
100 100 2 1()0 

where S = S
1 

+ S
2 

+ 0.01 5
1
S

2 
is the percentage of total effective slip. 

The linear speed of the driven pulley is also given by 

d2 
Vl = (1)2 X 2 

ot 

ti ~ - d, ( 1 S ) 
velocity ra O N1 - d2 l -100 

P
arent from equation 10.5 that the 1 II iS ap ve Ocity rati 

1cness t of the belt is also taken int o d~ d 
If thlc o account, then lie to Ill~ 

N2 d1 +t ( s ) ----)( 1 N1 - d
2

+t - 100 
. When the belt passes from the slack "d (IO~ 

creep ds and when the belt passes from th 
5
~ e 10 the tight side a ·~ 

t,ell e)(chtefl .~s in length, there is relative motioe beght to slack side the ~~rtalnl portion of>the 
f5t ani, . . n tween the ~ t contracts. Dae 

l~ e relative mohon 1s termed as creep of the . belt and pulley SUrfaces. to 
T~ of the belt drive system. belt Like slip,·cn•- _1 __ 

veloCIIY --r RlllO reduces lbe 

EX.AMPLE 10.2. ~~-:;-:;~~~~;~~-::=-=-=-~------
gine shaft runnmg at 240 rpm is required I dri 

Mi en th . h . o ve a m ch" The pulley on e engine s aft 1s 600 mm . di a 1ne shift by Ille of 
beltl. on the machine shaft if it is to run at 360

10 
ameter. D,t'1111ine d.iantetu utlof ... ~ 

pul ey . • . . rpm under the f u ,_ 
(n) the belt th1ckness 1s neghgtble and there is 1• 

0 owing conclltiou: 
. k . 

5 
nos 1p 

(b) the belt true ness 1s mm and slip is neglected ' 
(c) the belt is 5 mm tick and a slip of 2 per cent • ;1 pulley. IS a owed between the belt and uch 

Solution : When the belt thickness is neglected and the . . 
N, d1 se 15 no shp, we have 

{ii) N = d :. d2 = r/1 )( !:!.i = 600 )( 240 a 400 
1 2 N2 360 nun 

(b) When belt thickness t = 5 mm is considered and sli · 1 d !:!i - d1 + t p ts neg ecte , we have 

N1 - d2 + t 

d - (d t) N, 240 2+t- 1+ x-=(600+ 5)><-=4033 N
2 360 . mm 

tl2 = -l03.3 - 5 = 398.3 mm 
(c) When both belt thickness and slip are considered 

Ni !!i.:!:..!_( S) 
N1 = d2 + t l - 100 

Effective slip, 5 = 51 + 52 - 0.01 51 S2 = 2 + 2 - o.m x 2 x 2 • 3.96% 

d2 + t = (d 1 + I} x N 1 x (1-.2-) = (600 + 5) x 
240 

y (1- 3
·
96

) ,. 387.23 mm 
N, 100 360 100 

rl2 = 387.23 - 5 ,: 382.2 mm 
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n of Chains 

• catJO • ·1 cl ifi' 
tted b the belt r 1 10 46 - 11 506 T Nm/ 0,,st · s are pnman Y ass ed into ho· -.~-i y .,. ) w V'"' (2.1 T2 - v )( . - . 2 s ,i,ail1 ch . ~ 11;111--~ , , ~ -r1ie -•ssion ams . 

• (T1 - 2 traJ1SIW 

7 ~ )(103 • 11.506 T 2 d P""'eJ 
T: .. 651,83 N an 85 N r2 .. 651.83 ,t 2.1 "'1368. 

1 ~-~ = 684 cm 
Hence necessary width of belt.. 200 · 

10 14 Chain drive d ·ves may var:y due to slip, momentary ove 1 • • • . . belt and rope n I • . r oad 
The velocity ratio Ill • sli htly greasy. For constant ve oc1ty ratio positive s,or 

.,__ use of contact surface becolTll~ g d driven shafts, o·ne would use the cha·m d . drive ,-a the dnve an . r1v 
-with short distance between . 'd links which are hinged together. This hinging ro ~ 

The chains are made of_ r1gt th around the driving and follower (driven) wh: lsV1d'5 

flexibility needed for wrapping e_m ting teeth which fit into the corresponding re~ · The 
wheels (called sprockets) havehpr~Jec d the chain move together without slip and sses U\ 
the links of the chain. The w ee ao perfl'tt 
velocity ratio is ensured. 

(a) 

Chain 
Chain 
link 

Sprocket B 

Fig. 10.27. Sprocket and chain 

(b) 

Chain drive is used where the distance between shaft centres 1s short such as in cycles, 
motor vehicles, agricultural machinery, road rollers, heavy earth moving machinery, etc. 

The advantages of chain drive are : 
- chain drive takes less space than a belt or rope drive, 
- no slip takes place and that ensures perfect velocity ratio, 
- more suitable for transmission of power when the distance between the shafts is less 
- Jess load on the shaft 
- high transmission efficiency 
- capable of transmitting a good amount of power 
- a single chain can transmit motion to several shafts. 

However, the chain drive requires accurate mounting and car:eful maintenance, is relatively 
high in cost, and is quite ?rone to v~locity fluctuations particuJarly when they are overstr~tched· 
Further, gradual stretclung of chams necessitates removal of its links from time to time. 

(a) Chain with oval links q 
(b) Chain Wllh 

Fig. 10.28. HOisting and hallling chains ICJlllnl W. 

. ting and hauling chains: The links ins h 
• J-1°15

1 Jinks are welded, and the sprockets (whucel chains are of oval or 
f ova h h . e s) used f &qllan!s 

ioinl o. the links- T ese c ams operate at lows ds or such chains ha 
,- ceeive pee such as in hain . ve 
10 r ine works. . c hoists or in ..... ~ 
(or rJlllf t,ains with square links are used for hoists _,...JVIIJ 

'f!,e c . b t ·1 ' cranes and dred ufactunng cost u are east y prone to kinks gera. These chains"-
1
01~ in;Ul • • • . on overloading. -,e 

C 
nveyor chams . The Links m such chains ar 'lhe 

• o e e1 r of hook joint type or of cl 
·olnl type- --~ ~--~-- osed 

I ~9· 
. I I 
I I 

~ I I 

~ 
(a) Detachable or hook joint type chain (b) Closed j!l4nt type chain 

Fig. 10.29. Conveyor chains 

The conveyor chains are meant for continuous conveying and elevating material. The,e 
chains run at ave ra~e ~low sp~eds of 1.75 m/s and lack smooth running qualities. 

, Pow~ trans~1ss1on ~hams : These chains are available in lhe block, roller and silent 
configuration. The lmk bearing surface for all these types is machined, hardened and growllL 
These chains are essentially built for high speed performance and have provision for efficient 
lubrication. 

The Block cliains belong to the earliest stages of development fn power transmission and 
are being put to some use as conveyor chains operating at comparatively low speeds. There 
occurs rubbing action between the teeth and links when approaching or leaving the teeth ot 
the spmckel This leads to noisy operation. 

The roller chnin assembly essentially consists of : 
(Q roller link plate and the pin link plate, 
(i,j pins, bushes and rollers. 
The roller is free to rotate on the bush which is secured fn its hole. The pin p1155e5 throup. 

~he hole and the roller is held by the roller link plates. The central pins are joi~_and bel4 
1~ ~sition by the pin link plates provided on both sides. The ou.tward lateral sliding of the 
pm hnk plates is prevented either by hammering the pin ends to nvet head shape or l;J uini 
the split pins. 



f roller chains are : 

I I 

I I 

I I 

The salient features o lion 
_ strong and simple cons~c n1' l'ttle noise due to impact of roller on the 

5 . lion; there 1s o Y I PtOcket 
_ quieter opera .. 

wheel teeth. d severe working conditions, 
. d service even un er _ prov1des goo 

_ requires little lubrication. h f the parts leads to elongation of chain. That r 
However, the wear and s~etc tl.Ilh g ~vities of the wheel and the load l1as to be can-·esdults 

into unequ al fitting of rollers II\tO e le by 

one or only a few teeth. 

GEARS AND GEAR DRIVE 
10.I. . . ti Uy a wheel with teeth cut on its periphery, 
A tooth d wheel or gear JS essen a . 

e . . •tted from one shaft to another with gear dl'ive when Power or motion IS transnu 
• centre distances are relatively short . . 

f h h ft • 1 w and the use of belt dnve 1s not recommended • speed o t e s a 1s o . . . . 
0 positive drive is necessary, /.c, velocity ratio 1s fixed and known with certainty 
• there is a need to step up or slep down the 5peed 

• high torque is to be transmitted 
• precise timing is required. 

The gear drive has a compact layout and it provides a high!y efficient and reliable service. 
However, tlie operation tends to become noisy, the whole set 1s affected when one tooth gets 
damaged, and the manufacture of gears requires special tools and equipment. 

10.6, 1. Types af gears 

The commonly used forms of toothed gearing are · 
• Spur gear : rt is a cylindrical gear whose tooth traces are straight lines parallel to th, 

gear axis. Further, the tooth profile is identical from 
one side of the face to lhe other. 

The spur gears are used for transmitting motion 
beh11een two shafts whose axes are parallel nnd coplanar. 

These gears have a high (96 - 98%) efficiency of 
po"':'er transmission and are free from any axial thrust 
during tooth engagement. Accordingly they have been 
successfully employed as sliding gears for speed change 
mechanism in gear boxes of lathe. However, compared 
to gea~s of other types, spur gears are more noisy in 
operation, wear out readily and develop backlash. 

Fig. 10.31. Spur gear 

Flg. 10.34. Spiral gear 

Worm wheel 

Worm 

--~Worm wheel 

~Wam 

Fig. 10.35. Worm gear Ag. 10.36. Rack and pinion 
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hanical Enginae pitch may then be defined as 

.,.....-r,tals of Mee-:---- gear of infinite diameter. It mesh C'''u.Jat d 
011 

the · ,r.. 
~~---:;;;::.:.;....":::.---__ al ht nne spur t f ' es, "-· l ., e measure circum,~renee ,, 
c! • Raek is a stT g I ailed pinion. The ar~angemcn mds appJi ;"h · • disfnl'.' poill t 011 tlte 11ext tooth" 01 the pitda circle ,:.;.._ 
• Rick aacl pbli011 

• 'th 8 cirelllar whee c y motion and vice-versa ~lion -po111fmg • mf .,._ li 
and externaliY• WI ted Into rotar II I h fts ~rr~ arcu erence of . ··--•>DI 

mtesniJly Is to be conver thed wheels on para e s a may gear . CIJ'' cuJar pitch Pc= ~n .. -L_ f P••rc:khhcir,-CirtJet. •"' where 1lnOf motion aring . Two too e1t~et number 0~ .. ~ 
• imernal aad e,ctemal ge , ! Annular wheel D is the pitch diameter and T is th T 

externallY or internally. ! SpUrwtieel wtiere ears will mesh correctly if they have "UJnber of leeth. 

~·~ca:: 
-Fig, 10.37. lntemal and external gearing 

. f th two wheels is unlike, i.e., in the opposite direction. Th 
In external gearing, the motio_n okn c 

35 
spur and the smaller wheel as pinion e 

I f th ear system IS own . ' 
larger whee O e g . f th two wheels is alike ; both rota le m l,:e same dir=·i 

· the motion o e . "' on. 
In internal gearing, . II d ular wheel and the small internal wheel as pinion. 1 1 wheel 1s ca e ann 

The extema arge . k d pinion arrangement mesh externally and internally With 
The gears of sh_a!t Ul_ 

th
e ~\h a;e help of rack and pinion, it is possible to convert linear 

the gears in a straight hnc. 1 . 
motion into rotary motion and vice-versa. 

10 6.2. Gear terminology th 
· d 2 shed against one ,mo er f" 10 38 shows two gears 1 an me 

ig. · f h d . . ar /centre O ) meshes against a tooth of the driven gear (centre A tooth o t e nvmg ge \ 1 

O~ at point P. The point P is .--- Pilch circle 
called thepitclrpomt. The circles .---·- - · - ·/... . 
whosecentresare01 and02,and ,,- ----~ 'A 
mdli 0 1P and Of' are called 11ilc/r ,· 
circle~ of wheels 1 ,md 2 

respectively. A pitch circle is i.::•' ( essentially an imaginary circle 
which by pure rolling action 
gives the same motion as the 
actual gear. 1 

Further, on the pitch circle \ 
of wheel 1, let A be a point \ 

Spur 

, · 
I , 

Pinion 

, 
on one tooth and B be the 
corresponding point on the 
adjacent tooth. The distance AB 
(measured along the circular arc) 

'· .... .... - ___ .... Driven gear(Wheel 2) 
Driving gear (Wheel 1) 

is called circulnr pitch of wheel Fig. 10.38. External gearing 

I 
,' 

rwo g it D1 it D e the sa111e ,.;,.__, 
P = - = ---1. D D -'"llill'pildf.'IL......;.. 

c T .,. or -l , •~ 
I JI T "'...._ 

l,.e diameter of a wheel is proporti I Tz 
'f),us ,, h f 0 nal to th 

h when the leet o two or more e nu1111,er of leeth 
fort cr,gears will remain same. gears rnesh With one ,.,....L_ on It. 
ht? tWO -~uicr: the It.. __ ._ 

of t Linear speed of gear 1 -= n D N ' ... _ tpeec&. 
I I 

Linear speed of gear 2 -= rt D N 
th d . 2 2 D and D~ are e 1ameters, and N and N 

1v1iere \' time. - 1 2 ;ire the revolutions lllad by 
2 ""' uJU d f e sears lainc! r]!quating the llnea r spee s o the two gears, 

it D1 Nl "' rt 02 N Ni Et 
2 , N "' 

S. ce the diameter of a wheel is proportional t tth D2 
Ul o e number of teeth . 

N r. on 11, we get velocity ratio -= - 2 ., -1. 
N1 Tz 

DiaJl\etral pitch : It represents the number of teeth 
on a wheel per unit of its di&me 

Diametral pitch Pd ,. . num_ber of teeth = ! ter. 
patch cu-de <tiameter D ... (ljl.8) 

Frorn equations 10.7 and 10.8, we have 

P, X Pd-= 1l 

Evidently if the circular pitches of two wheels are equal th . d 
, e1r iametral pitchet are ill&o equal. 

Module : Module represents the ratio of pitch circle diamet c· ) th 
• 1 h d I · · er in mm to e number of teeth. Obvious y, t e mo u e as the reciprocal of diametral pitch. 

D 
Module m -= - (109.) 

T .... 
Refer Fig. 10.39 for some of the terms associated with profile of a gear tooth. 
Addendum circle is the circle bounding the outer ends of the teeth and concentric with the 

pitth circle. 

The radial distance between the pitch circle and addendum circle is called llddmth,111. 
Dtde11d11111 circle is the circle bounding the bottom of the tooth and concentric with lf1' 

pitch circle. 

The radial distance between the pitch circle and the dedendum circle is called"""""""· 
The surface of tooth above the pitch surface is called the J~ct of the tooth. f/mJk is ihe 

s~rfoc~ of tooth below the pitch surface. Tooth space is the width of tooth measured _aioaglM 
pitch circle. The length of arc between the sides of a gear tooth, measured on the patdt drc:le. 
Is called ll1ic/mess of tooth or circular tluckness 



' I 

T, s28 

Fig. 10,45 

spee_d of driver 
SoJatfon : speed ratio • ~d of follower 

• I!! "'2.S 
28 

ber of teeth on follower num 
ber Of teeth on driver num 

. "' !!l. "' 2.5 as calculated above 
(ii) Speed ratio N3 

N1 _ ~ = 400rpm 
• s ed of follower N3 = 25 - 2.5 

(
11

) ;, pe ·. the direction of rotation of the follower i 
'di (I t rmed1ate) gears, . I k . d s 

With odd number of I e 
11 

e driving gear is rotahng c oc WISe an as such the 
{ dr, . g wheel Here the k . the same a5 that o ivm . Id also be doc wise. 

. £ the follower wou direction of rotation o 

EXAMPLE 10.16 ------:--:--:-=-:n=-:d~th~e:-:n~um~b~e~r~o~f~te~e~thh~o;,n~thh:e~g~e~a;rs~ar~e~a=s . · ts of six gears a A compound gear train cons1s 

follows : 
2 3 

4 5 6 

Gear 
1 

40 l25 45 115 
No. of teeth 

35 
BO h fl d so are the gears 4 and 5 on another shaft, 

The gears 2 and 3 are on the same 
5 

ah anwith gear 4 and the gear 5 is in engagement 
The gear 1 drives the gear 2, the gear 3 mes es , 

with gear 6. Sketch the arrangement. 
1 

tu 
5 800 

rev/min determine the rotational speed 
II the input shaft mounted on gear rn 1 

of the output shaft mounted on gear wheel 6· d tra. 
Solution : Refer Fig. J0.46 for the arrangement of the given compoun gear ''" 

Input shaft 

'4 

I 125 
I 

Fig. 10.46. 

Output shaft 

Dr
1
~

1 
en gears are : 2, 4 and 6 onv . . 
und gear tram, 

,oroP0 

. ng gears are · 1, 3 and 5 

for . speed of the first d . 
· ty ra no - ~•••Oliver d or veloc1 - speed of the~ 

s~ n~ 
= product of the number of 

product of the nurnbe teeth on drivens 
!!..i_ T2 x T4 x T6 80 12Sr of teeth on drivers 
N = T T - -~"115 

,r1tt1S1 6 I X 3 )C T5 - 35 )( ~ " 18.25 

ed of the last gear (gear wheel 6) N "' ~ 
spe 6 18.25 = 43.83 rn-/nun 
pLE 10.17 

EJf'rA r having 200 teeth is in mesh with h 
d gca h" h a11ot er gear h . 

;. oie ccted by an arm w ic makes one revolution b ii.Ying SO teeth. The two geilll 
J/t coll~ e ihe number of turns made by the small a out the centre of the bigger geu 

leJ1111n 43 Th _ er gear • oe . R,e(er Fig. 7. . e arrangement corresp d · 
I tiort . on s to epicyclic g tr . 50 

11 
tio of the speed of wheel B to that of a rn C • . ear i1111. 

r1ie Iii r IS given by 

NB = 1+ T,., = 1+~ "4 
Ne Ta SO 

N8 = 4 Ne = 4 " 1 "' 4 

7 CAMS AND FOLLOWERS 
10, ' L: h . J • 

foUower is a rng er pair mec llU\Jsm; its reciprocating or rota ti 
1 

. 
J,CJfll· I Th d · d - ng e ement llllparts a desired . to another c ement. e es1re motion may be reciprocati ._ . . 
a,ation I t • 11 d ng, ro, .. ting or oscillatory m 
flillUJ'e. The driving e emen IS ca e cn111 and the driven member is referred to as follower. The 
dirtd paint contact be_hveen the cam and the follower is ensured by a spring. 

Generally the cam 1s connecte~ to a fra~e- forming a tu ming pair, and the connection between 
!ht follower and the frame cor:15titutes a shdmg pair. As such the cam-follower mechanism is a 
wee-link mechanism of the higher type. The three links are: 

(,) cam which is the driving link and has a straight or curved surface. 

(i,) follower which is the driven link; it gets its motion due to its contact with the surface 
of cam. 

(ii,) frame which supports the cam and guides the follower. 

Cam-follower mechanisms are quite impact, easy to design and are used for generating comple11 
coordinated movements. The common applications of cam-follower mecha.nism are found in 

• clocks and watches 

• IC engines for operating the valves 

• automatic screw cutting machines 

• printing machines and shoe making machines 

Attention has been directed in this chapter to the study of various types of cams a_nd follo~ers, 
motion of follower with a given profile of cam and to draw the profile of ca.m with the given 
motion of the follower. 



JIIO\'einent and the manner of th 
twO types are considered important e consb-aiti 

rouower redPJOC.lleS or oscil)ates in a plane that is t Of 
J)erpelld.i 

in wfdch the reciprocating or oscillatory movement of CU~t 
paraUel to the axis of caJJl. 

th
e Cillll is . 

pes of the radJal caJIIS are: II\ 
that has a specified contour. The reciprocating motion f 

rec1.......:2dng or an oscillatory motion to a knife edged followo the Cilll) 
r·--- er. n,.~ 

Rar$,OC.ll1111 
folllMf 

-c:.n Jm.""''""'""'d 
Fig. 10.47. Wedge cams 

Oseillating 
follower 

• T1111~t ~ ~t has straight flanks and circular nose. The roller 
cor1JunctiOn with such a cam may get reciprocating or oscillatin f~llower Use • _..J+,_...- Frame g motion. d Ill 

/ Oscillating follower 

_/Nose -@::::=~@ 

(a) (b) 

• . Fig. 10.48. Tangent cams 

Circular cam that has a circular flank . cam operating with a fl t and mcular nose. Figrue 10 49 
set arrangement, the ve~ ~ced foll~wer and an offset flat faced foll shows a circular 

, ca centre lines of the cam and the f 11 ower. In the off-
1 , o ower do not coincide. 

! ! 
I 

Offset 

Fig. 10.49. Circular cams 

• . .nee of a cylinder which 
~ ~.;wer iS in a plane parallel ~ r-· to that of the 

Cam 
(a) 

Fig. 10.50. Cylindrica . 
I cams: (a) . 

OScitlating. {b) recii>toca: 

Sp,ral 
groove 

Th 
. I Fig. 10 51 S . 

e sp1ra or face cam cons· · · p1raJ cam 1sts of a · cul 
engagement between the teeth t Cir ar plate ha . cu on the spiral vmg a spiral groove and the . groove cut into it. There . 

, pm gear follower. 
15 

,;.t.. 

(a) Convex surface 

Fig. 1 0 52. C (b) • onvex and concave globoidal cam 



tul contour which is cut on a cone: 
,..- dJCUinferct' ..,_•dal cam is oscillatory in natur 11"e llJ 

~~-~ -~~~ ~ 
~...., fol~ 1n I 'ficd either according to the type of 
¥ U""' n,ec:hani5fl1 iS C ,'\SSI I lllot;Clr) 

~~ surfoce in cont.1ct: bt?lons to the following four cat 
a:,,;. ta,e' UI the {oUo,vers ' esor· 
u.- surf3ce in contact. harp pointed edge. There is a 

1
, 1C!\. 

~of' follower t}t.1t h'.,s .,t;' ~nifo edge and the contacting s ld1ng 
ronowec ataclinS surf,,ces, •·~·• ~tncted due to considerable si/Urface 

L-a..-n the con . tililY IS re~ e th- -
IJ':'~.-.---. consttUction. its u · h" h rJle of we,1r. '"list 

;.,.,.,..tm sunplfolle in ,er and guide an~ thef •Syli~drical roller which rolls over tL 
~ the o~ ns1sts o a c f h . ,,e ca 
~ .. --- a follower th,1t co the contacting sur aces, t ere ts much less w ll'I 

(5) -..UerfolloWff lli"" motion between A side thrust, however does exist beh._ Cat 
~ l)ue to ro •-o ,r ed e follower • . . . ""'Po.. 
--~ to that in a knue S . find favour for use m s ituations Whete -,,, :e follower and guide. ~oi!e:t~~~~~~ gas or 011 engine. ll'lore 

is a,•ailable ~uch a 
space Roller follower 

Roller rouower 
KnifHldge ,.,..,_ 

Mushroom 
follower I 

Cam 

Sphencal-faced 
follower 

Cam 

•1•• -t 
Fig. 10.53. Types or cam followers 

Carn 

Roller follower 

• Cam 
, I 

Offset-' :-

(c) FJat faced or mushroom follower: a follower that has a flat contacting surface. Quite 
often, the flat end of the follower is machined to a spherical shaft and the resulHng 
follower is called a spherical-faced follower. 

d less changt.>s of ja 
,..,IOf1 to thC values of an automobile engine w 

tfl"-.,1111g 
00 

the path of morion axis of loea hete 
of'IJ.,¢d dial followers: the motion of th 1tion of 

Jta Th f e olloW , (11 tre of the cam. e ollower Ir eta l9 a 
,c.n tion of the cam (Fig. 10.54) ansfates along a ~w . 

he,icBl•faced 
;ustin9 follower 

Cam 
Roller-faced 

Oscillating follower 

Fig. 10,54. Types of oscillatJng follow 

•. , off-set followers: the motion of the folio, . ers 
(11 ver 1s away fr th 

cam. om e centre of rotation of the-
d on the nature of motion, there are the f 11 . 

ease . . o owing two ty f 
• Reciprocnting or trnnslatmg followers: the follower r . pes o followers. 

rotates. ec1procates in guides as the cam 
Oscillnti11g or rotnling followers: the follower .

11 rotates. osa ates about a hinge point as the cam 

It would be appropriate to mention that the follower is 1 • 
d obiective is achieved by springs, gravity or hydraulic~ ways constrained to follow the cam, 

aJ1 , .. ,eans. 

1o.s. BEARINGS 
A beari1tg is a machine element which supports another mov· hin 

1 ft) II d · / WhiJ mg mac e e ement (e.g., a 
rotaHng sha ca e JOt1ma · e carrying the load, the bearing allows relative motion 
between the contact surfaces of the members. 

In radinl or jo11mal bearings, the main load is perpendicular to the axis of rotation of the 
moving element. 

The portion of the shaft laying within the bearing is known 
il5 jo1m111l. 

The plain journal or sleeve bearings are classified as 

(ij Full benring: The bearing completely envelops the journal. 
{i1) Partin/ benring: The enveloping angle is not 360° but is 

120°. The friction in a partial bearing is Jess than that in full 
beating but its applications are limited to only those situations 
where the load is always in one direction, e.g., rail road car 
axles. The full bearing and partial bearings are also known as 
clearance bearings since the joumal size is less than the bearing Fig. 10.55. Joumal bearing 
bore. 



t;{ 
ff!!J 

eearlnll (b) . (o) . 
(1) .,..-,4 ...... ring• (b) partial beanng; (c) full Journal bearin 

joUn18I t,earing: (a) """" .,.,.. ' . . , ,g 
,-;paaot f b' 1 bearing in which the sizes of the journ 1 I.!':: ..... _, A special case o par a a illlcl 

,_,,ng, there is no clearance. 
~ and hence be . pressure is parallel to the shaft axis and h 

coJlar tl,n,at bearings, the anng as enc1 
Axis of 1 

shalt 

Thrust 04' Collar bearing 

Fig, 10.57. Fig. 10.58. Footstep or pivot bearing 

These bearings provide horizontal load reactions in machine tools and marine drive sh £ 
In the pivot or foot step bearing, the bearing pressure is exerted parallel to the s: ~-

whose axis is vertical. The end of the shaft rests within the bearing body a t 
Such bearings carry the load in vertical steam turbines, w aler turbines, motors and pum s. 
In ball beari11gs, the rolling element is a spherical ball. The self-alignment ball beari 

permits inclination of the inner race or shaft axis with relation to the axis of the outer rang 
with 2-3 degree. ce 

Refer Fig. 10.59 which shows a typical rolling bearing. 

Ouler-nng 0 
Ball Cylindrical 

cJ 
Needle Tapered 

Fig. 10.59. Typical rolling bearing and rolling elements 

·t eonsists o an mner ring, an. 
,ii,e utl1 Is in the o~ space betw~ Oil 

.. al it'tet1'8teriaL 'Jhe nngs are of unif<>tnl ~~ 
~..,;c ll18are quite hard. Depending upon ~ 
~11~5g t,earings are classified as : the 
!Iii? to~all t,earings 

~ij liJld,rical rr..ller bearings 
(rr) C'f dle-type roller bearings 
••;\ flee b . 

('"' ered roller eanngs. 
(jtl) taP 

_..;ngs can handle both radial d 
~-n be"'µ• an thrust'~-' 
P...- moderate. ~ but these 

, or eedle and the taper ro ller bearings b I lOlda ~ 
'fhe. fl e)eroent is a roller which may be e ong to the catioo.-.. 
rolliJlS . cylindnca1 -0..,•1 of roller J»..~ 

tJ,e intered bearings are self lubricated be . , C<>nica}, 5Pherical. ~~ 
'f}le s nee is difficult. anngs suitable for . ot ~ 
·rtteria 1PPlications Jll"' h roller contact bearings, the conta t be where 
lJl t e . be . 5· C twee the 
. . as in plam armgs. mce the rollin . . n beann el 

of_ st~d:~uch bearings are also known as .;:.:;~ti~n is very 1es! as ::ts is ralling ~ 
1r1ct10 h, e disadvantage of low resistance to sh kction bearings. The llerpared to the a1idiiii, 
h 

ve I oc loadin ro contact 1-..;.;.;;:: 
3 'fh ball bearings have been standardized . g. ---a-

. ~g of atleas t three digits into four classes and designated by 
,oOS15 a number (n t00 : extra light (i,) 200 . light 

(iii) 300 : medi~~ (iv) 400 : heavy 
Additional d 1g1ts are added to spera .. sp . l £ 

£ th b 
. ~u J eaa eatures The 1 

_ • .;es and the bore o e ear mgs. The last two d' . f · ast three digits d_...._ the 
~ · d ' · ig,ts rom 04 d "'"""" _ give the bore 1ameter m mm. Thus iI a bearing . d . onwar s, when multiplied by 
''r medium series with bore equal to s x 08 r· e 4

1
s0 esignated by number 308 it is a bearin 

0 I ' 'I mm. 1 g 

10.9. RATCHET AND PAWL 
The ratchet and pawl mechanism is a mechanical • 

"=ar or rotary motion m one particular direction a gdearmg 
5
Y5lem used to transmit intermittent 

Ill" , n prevents m ti · th 
The unit essentially comprises two components namely t h 

O 
on m e opposite direction. 

as shown in Fig. 10.60. a ra c et and a pawl mounted on the base 

Load (a) (b) 

Fig. 10.60. (a) Weighing mechanism; (b) Ratchet and Pawl 



~nga =--.,.....-- ped angled tooth around its outer perj 
l,dWilgstaMha th having a moderate slope on one ed Phery_ 

wtthedch too receives an intermittent circular motio~e a111.1 
eifgtt. n,era~t happens in a jerky way. The pawl is a frolli 

~d,own the motion th I is pivoted at one end and rests agains tyfl(? 
j l,elitlt oped solid part a. loaded and that ensures its aut I the 

~- The pawl is usually spnng ornatic 

tJ16 ratchet- d. ection, the pawl rises and moves sm 
rotates in one particu1ar ~ when the rotation of ratchet s tops th Oothty 

~oftheratchetSu~ue~een the gear teeth and that pre~en~Paw1 
~~ againSI the dep~on any 
~ In the t,ackward ~on. nly at discrete points, i.e., only a t tooth bound . 

sto backward mobon o ._, b kw d . ar1es nli:het can p . t of backward motion. Trns ac ar motion is limit . ' 
tdoes allow a limited amo~ between the teeth and is called backlash. In situ ~d 1s 

um distance equal to the ~~m!n use is sometimes made of a toothless ratchet a~ons 
r.JcJash is required to 

1
":;,rnu:rs ~gainst the surface at an angle; any backward ;

11
~ a 

friction .swface. The ~w then .. ..I ce and that prevents any further backward moti· Otion 
u,es the pawl to jam against e sw,a on. 

!I l'he various applications of ratchet and pawl assembly are : 

• spanners, wrenches and jacks 
~ free wheel mechanism of bicycles 
• docks, winches, turnstiles and typewriters 
• hoists and weight lifting machines. 

In the weight lifting mechanism shown in Fig l ~.49-(b), a rntched ';heel is fixed to a shaft 
and a drum around which a rope is wound. Th~ wmdmg of the rope is done b~ rotating th 
:ratchet in anti-clockwise direction. When the rotation sto~s, the load on the rope tries to unWin: 
the rope. This tendency is however prevented by the action of ratchet and pawl. 

Ratchet and pawls are usually made of steel, sta inless st~l, cast iron, brass and other metaJU 
materials. The product specifications for ratchet and pawl mclude the number of teeth, outsid~ 
and bore diameter, face width and pitch. 

10.10. HYDRAULIC AND PNEUMATIC ACTUATING SYSTEMS 
. P~al law states that u111le11sity of prt!Ssttre is transmitted equally i11 nil rlirect1011s t/1n/ a mass if 

fl11'.d ma confined pince." TI,is characteristic property of lhe fluid forms the working principle of 
nu.id power systems. With reference to Fig. 

0 

10.61, two cylinders of different cross- Load lifted w Force appJ/ed 
sectional arcs are interconnected at the F 
bottom through a pipeline and are filled with 
so~e liquid (oil or water) . The larger ::::::;:==::J 
cylinder contains a raw of area A and a Plunger~ 
plunger of are.i a reciprocates inside the 
smaller cylinder, A force p

1 
applied to Ram 

plung~r P~oduces an intensity of pressure 
P1 which 1s transmitted in all directions 
through the liquid. If the plunger and ram t t t t t t t t 
and at the some level and if their weights 
are neglected then pressure intensity p = "2 .__ ____ __J P, 
!i_ F- • 2 Lfquid 

andp=2 h F. . h a 2 A w ere 2 1s t e upward 
force acting on the ram must equal h Fig. 10.61. Working principle of hydraulic press 

,.. A where F is die 
J-low P1 11 

2 

I"~ F1_f2 
-; - A ; F2 = Fl (A) 

t,ove expression indicates that b a " . 
111e a ward force F2 acts on the ram b pPly111g a stnaU dn.i...:. .. 

1atse up Y suitably selectin_-:-~•~~ 
, ~ers- find 1· g ratio .., 
C)'li1'" e Ouid sy~tems a p~ 1c~tions in : ~ 

111 draulic 1ack, hydraulic lift and hyd . 
, It}' f rauhc er 

urernen t o process parameters d ane etc. 
, .111eas an then usu, 

t . g these J>araineters-
citl tPU · .-vin g out mechanical work and usi ibac:ton, • ,ar,,- . tumin milt ng the resultin 

. ns (sawmg, g, mg and drill· ) g motion (1" 
opt:1'?110 nd positioning. ing ; feeding, SOrtin inearorrotat1nglitc:ii 
s11tunS a trolling of plant, process and equip g alld pacJca~ dam 

• con . ment whe 
of the process 1s sensed and the . f re a hydrauli 

ditJon . . in ormatio . c or pneumali 
coo ·ate corrective action . n 1s fed to the c: sysfem, The 
Jppropflperformance indices of a fluid syste . controller for taking-the 

'[he . m include 
_ f)oW rate of fluid and chamber capacity 

_ pressure fatigue and bursting pressure 

- cleaning, compressi~ility and viscosity of the fluid 
'[he process of p neumatic system is similar I th 

o at of Wale n 
the inlet pawer. r or o1, compressed air supplies 

10, 11. CONTROL VAU/ES: FUNCTIONS AND TYPE 
A valve is a device that regulates, d irects or c tr Is 

I 
. ti" ll bs . on o the flow of fl .d 11· • 

opening, c oslilg or par a y o tructing the passage w Th u1 1.iquids or gases) by 
either by handle, lever, pedal or wheel. Modem control ay~. e valves way he operated manually 

111 
pressure, temperature or flow rate. These changes valves are ~utomatically driven by changes 

h l Th . ac on a d1aphra • . 
activates t e va ve. e automatic operation of the 1 . b gm or p1Ston which then 
regulation to a changing set-point) that requires an ac: ~e 

1
~ ased on an external input (flow 

1ts input and the set-point and that allows the valve ta:· ~ ~ctuator operates depending on 
control over a variety of requirements. 

0 
poSitioned accurately and allowing 

Valves are found m virtually every industrial pro d cess an are used for • 
- starting or stopping flow · 
- preventing back flow 

- relieving and regulating pressure in a fluid 

Valves are quite diverse and are generally classified by how they are actuated : 
hydraulic, pneumatic, manual, solenoid and motor 

Further, depending upon how they work/operate, the valves are categorized as: 
(0 normally open or normally closed valves. These valves are acted upon by some forces 
. that keep them either open or closed. 

\
1_0 throttling valves tha t are intermittently opened or closed. 

(m) directional control va lves which are used to redirect the flow. These diverter type 
valves are 2-way 3-way or 4-way valves. 



~ have only the open and closed POSitions 

~ outlet part. ' 
rtliili·Jnli:i:: • rt, the outlet port and the exhaust 

;;al~~~-an ~~!~closed and the inlet open to ouui
0 tt. 

- .. ut1c,as: (~ e,u,..US ittld 
~ connected to exl,aust. 

outlet f 3-way valves which are operated b 
.~...........nt consists O two ed . ll d h y an 
11JXU'f»-'.""':'- ha t ports are join mtema y an t at prov id 
~ and the two ex us tlet ports and an exhaust port. es 
.r-· inlet port. two ou 

the 1 alves are categorized as : poppet valves (b 
\I~ a,nstri1diol1, the "?;~ slide and plate slide type) and rotary vatv al\ 
£ype), spool valves (longi es. 

--ral and sequence valves 
control direction ..., ... 

,_ • . all in every hydraulic system and they functio 
c:oimol valves are used~ dy per limit to maintain a set pressure in any n to 

safel below a desire up . . d Part pxessme Y __ A 11 closed and have a restnction to pro uce the des· 
i:irciiit. 'These valves are nurn ..... Y tted 

J:H..--t types of pressure control valves Adjustment for , .. , • .,.-.,.._....,..,.~.. ba1an spring force 
the.zelief, teducing, sequence, counter- . ~e 

and:unloading type. The rditf valve shown Ul Fig. 
10.62 consists of a ball or poppet exposed to the 
~ pressure on one side and opposed b~ a 
~ of pre-set force on the other side. The sprmg 
holds the ball tightly seated and that blocks the 
Bow through the valve. When the force of system 
pressure rises and exceeds the spring force, the 
valve gets lifted from its seat and that lets the 

Vent 

.fluid out through the vent. Fluid 

A sequence valve functions to provide a P~th ~£ Fig. 10.62. Relief valve 
flow alternate and sequential to the primary rucwt. 
The operation of these valves is controlled mechanically or by pressure. The pressure operated 
sequence valve is normally closed poppet or spool valve that opens at an adjustable set pressure. 

Fluid at inlet port of the valve will not pass to the secondary circuit or outlet port until the 
fluid pressure reaches the set pressure. When the set pressure is reached, the sequence valve 
directs the fluid to a second actuator or motor to do work in another part of the circuit. 

Typically a sequential valve serves to operate multiple actuators and their sequence of 
operation. 

The direction control valves (DCV's) are one of the most fundamental parts that are employed 
to start, stop and change the direction of fluid flow in a fluid control system. They allow the flow 
of working fluid (oil, gas) into different paths from one or more source. 

The direction control valves are classified according to certain factors such as . 
- number of ports or ways 
- method of actuation : manual, mechanical, solenoid operated and pilot operated. 
- shape of valving element which is mostly a ball, a sliding spool or a rotary spool. 

. The controlling of the passage of a fluid signal is done by generating, cancelling or redirecting 
signals :ind categorization of direction control valves is then done is signalling elements (input), 
processing elements, and power elements or final control elements. 

The simplest direction control valve is a 2-way valve which either stops flow or allows flow. 

compressor Receiver 

(b) 

Fig. 10.63. Fig. 4-way direct· 

To ~ 

. . 1onal valve 
Refer to the 4-way directional valve which has f 

. our ports • 
• Pressure port P m communication with a · 

pump or compresso 
• Return or exhaust port R connected to the fl 'd . r. 

ui reservou or ted 
• Two output ports A and B connected to the tu ven to atmna.sheri! 

ac ating syste (I -~r . 
The internal operation of the valve has been shown . p· m oad). 

~nd retract (backward) movement of the piston. m ig. l0.64 both for the extend (forwitd) 

- -L.rr--'--.,__--.-...-...1 Extend 

t 
Alrfflu1d 

Fig. 10.64. Internal operalion of the valve. 

-
Relrac:t 

t 
Dncllon 
conlrolVaMI 

allo During ~xt~nd movement, the pressure port P communicates with the o~tletP.)rt'i: 
li "!5 ~e liqwd/ air pressure to be directed to the cylinder from ~ left side. !lie 
quid/att from the right side of the cylinder then occurs to the liquid ~ 



and Mechatronics 

t of iston, ports p and A deliver the fl . 
tJurinStetrad n\Ovcm:;or le rctum to liquid sump/ atn,0sph~;d 

'Ki:.~B and R provide ii pl\ ·t· ns it Is known as 4/2 valve. e. 

Eoginaerlng 

:uw: r"- ntr0l p0s1 ,o , 
~ four ports and two co 

MUIATOR r systein to store high pressure fluid d1.1.r· 
wator is-a unit inst~lled in a hy~e~ts puo,p flow and serve as a backup du~g 

-..1:. .:.-..1 later make it available to supp oi--- c g 
.....,.,..,... . hatgln 

me. sed in a hyd.rauhc Valve Q 
~-,'""~'It'uee• .. ·.• common types~ accumula~: \ragm type. The 
~ ate of bladder, p1Ston and . P10_65 shows the 

fficldf!r types find favour and Fig. u\ator. There is a 
ci,ristrUc:tional features of one suc~ci:ccu~ates gas from the Bladder 
rubber member, called bladder whi sep d the oil surrounds 
oil. The gas is filled inside th~ bla~d:~ an d to around 80 to 
the bladder. Initially the gas ,s pix-u,arge 
90 percent of the system working pressure. u1 tor Fluid 

This expands the bladder to fill moSt of lhe ~c_cuni, ~de 
space with only a small amount of oi~ remau-:,;g ~ur~ Poppel 
During operation, the hydraulic pump raises sySt P valve 
and forces fluid to enter the accumulator. The bladder mov~ 
and compresses the gas valve because the oil pressure excee s 
the pre-charge pressure. The bladder movement stops whe_n 
the system and pressures become equal. When there is To system 
creation in the system demand, the hydraulic pres.sur~ falls Fig. 10.65. Bladder type 
and the stored pressurized oil is released to the circuit. . accumulator 

An accumulator is essentially a energy storage dev\ce . . 
that enables the hydraulic system lo cope with extremes of demand and yet maintain specified 
pressure in the system. Other advantages are : 

• smooth out pulsations and provide shock cushioning 
• supplement pump flow and allow the use of less powerful pump 

• act as an emergency standby power source 
• provide quick response to sudden enhanced demand 
• compensate for any oil leakage, thermal expansion/contraction and hold the required 

pressure in the circuit. 

10.13. AMPLIFICATION 
The signal from the detector transducer is normally very weak, and it needs amplification to 

a certain level where it can be detected for display or record. Amplification is also needed to 
~ansmiHhe signal over some distance. The device used to increase or augment the weak signal 
1s referred to as amplifier; it may operate on mechanical 0evers, gears etc.), optical, pneumatic 
and hydraulic, or electrical and electronic prindples. 

8; ~ 80 
Input• •~f-----• .... • Output 

Fig. 10.66. Amplifier unit 

. The ra~~ of _output signal (00) to input signal (01) for an amplifier is generally referred to as 
gain, ampli!ication or magnification; the input to and output from the amplifier are related by 
the express10n 

/ 0o=G81; G-

aain or amplification. Sinceo 
~ ·s the t,- o re(., I 

i°'.,e titY. a, 
11il~fl input ----- G, 

Fig. 10.67. eries a 

ft n two or more amplifiers are an-an d . 
·te o e , d' th ge II\O...:-/ (2lll h t no loa mg occurs, e overall g . ~•-

,.,,.,iJli!'g t ~ns of the amplifying units i e am of the an 
yr""'". al ga .. , ' · ·, 
·"di\11du Oo 
I Si = Gl G,_ G3 ... 

pLE 10.18 
~tit uring system has two amplifiers arranged in . 
;. 1Jle~5 the output from the system is 15 000 units sertes CC>rresponc1iag Iii 
10 11Jllt~, e the gain requirements of the second am u! the fitst amplifier 
del~ . For a measuring system with two amplif~ er. 
501u11on . iers arrangement in series 

Oo • 
01 = G1 G,_ 

15000 = 75 x G _ _ 15000 
10 1 , G, - - = 20 

- 10 l( 75 
i.e., the second amplifier should has a gain of 20. 

10.13, 1. Mechanical amplifiers 

Simple and compound levers 

Figure 10.68. ~hows the arrangement and the associated block diagram for a simple lever 
supported on a pivot. 

Input Output 
X y 

l Pivot 

I~ 11 ZS 12 

+ .\ 
Fig. 10.68. Simple lever signal amplifier 

For an input displacement x, the simple lever causes the output end to displace by an 
Y; x and y are related to each other by the expression 

JI.. = 12 
X 11 

where 1i is distance of input end from the pivot, and 12 is distance of output end= 
The ratio lif l1. determines the displacement gain; amplification of the lever can be :v 
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iv t With a simple lever, the it) 
froD\ the P 

O 

8· oes down the output y It\ P~t . if the input :r oves ptiase,i.e., 
vin 3 compound-lever systell\ ""

be achieved bythe ha 50g that the output from one ·
1 

• 11e 
lion can linked toge r ever o or more levers 

t ~ in Fig. 10.69 

z 14 
Y 12 d-"- .. - an y 13 :r 11 

erall gain or amplification is ,theov I 
% 2-x_!. 

overall gain G "' y .. 1
1 

13 

Input 
X 

, . 1, 

(12 l4 lJ x x 
output z = li;- x ~ 

y 

i 
Pivot 

+ 
12 .1 

z 

Pivot 

Output 
z 

~z_ 
-~ 

Fig. 10.69. Compound-lever signal amplifier 

Apparently, there is no problem of phase reversal with the compound lever ; both the "d 
output y act along same directions. 

EXAMPLE 10.19 

Calculilte the ntilgnitude of the compound lever arrangement illustrated in Fig. 10.69. The 
length magnifying ratio of the levers ar! 2.5 : 1 and 45 : 1. 
Solution: For the compound lever arrangement, 

80 /2 14 
- --x-
81 - /1 13 

2.5 4.5 
=-x-

1 1 
Thus the compound lever has a displacement gain of 11.25. 

SilllPI• and compound , • ..,. 

1,.,. 1 and compound sear trains are _.,_ ~ 
10• siO'P ef either angular ~isplaceznent or 'llltll!-11'e uon o rotaty 

1ifiCil I 

~p I 

---+ 
I 

I I 

( 

I I 
/ I 

I I 

Input _ -~-------~ 
81 I I ---

\ I 
\ I 

\ I 

Teeth 
T1 

I 

.............. : ,,' 
--r--

1 

I ~~o 

\ 

Fig. 10.70. Simple-gear signal amplifier 

th larger wheel (gear with teeth T
1
) rotates with th . 

~vtien f~ts into a corresponding space on the small whee~( m put ~gular Speed 8i then l!llii:h. I teeth i £ h tp t O gear with teeth Tc\ ,..__ o.f its gular speed 0o o t e ou u gear; ; and 0o are related to h the v· ""'l ~Is 11110 an all eac o r by the l!Xpresiion. 
Oo = T, = number of the teeth on input gear Wheel 
01 T2 number of teeth on output gear whee\ 

'The ratio T/ T2 determines ~e gain ; the amplification of a simple gear can be Varied d-.aa.._ 
th umber of teeth on the mput and output gear wheels. With a sitnple gear the:-~-~ 

on en f ·t h · ' input ... ,, t displacements are o oppos, e p ase, 1.e., if the input wheel rotates anti-c1oc:kwiae the. 
output wheel turns clock-wise. 

1 outp: greater increas~ in ampl~cati~n can be ac~eved by involving more gear wheels. In the 
compound gear train illustrated m Fig. 1?.71, the input rotational signal 0; is applied to wheel A 
which has r1 signal teeth. The teeth on ~h,s wheel mesh ':ith teeth on wheel B which has r

2 

leeth.: 
One rotation of wheel A would result mto (T1/T.;) rotations of wheel Bas well as wheel c. This, 
is due to the fact that gear wheels B and C are mounted on the same shaft. The gear wheel c bu 
r leeth and it drives the gear wheel D which has T

4 
teeth. 3 

Thus one rotation of wheel C would give (T3/TJ rotations to wheel D, and (T
1
/T~ rotatim;I 

1 of wheel C would amount to (TifT 2 x T3/T4) rotations of wheel D. Thus overall magnificatio1uif 
gear would be teeth on wheel 

0o - T1 T3 - --x-
81 T2 T4 

teeth on wheel A teeth on wheel C ------x 
= teeth on wheel B teeth on wheel D 



-) Output 
Bo 

1 Compound gear trains 
Fig. 

10
·
7 

. dd ' . l d 
gnification with the a 1tiona a vantage of 

. greater ma d f th "fi no pound gear train gives, . Th ar trains are use or e magru cation of 
;;4. ~the direction of input signal. e gee and in the dial-test indicator where line•• m be pressure gaug . . ... -facemnmt in the bourden tu of rack and puuon. 

"" ted . to tation by means b 
t is transla m ro all uffers from errors caused Y : 

-The mechanical amplification usu Y s 

• .internal loading, 
• friction at the mating parts, 
• elastic deformation, and 
• backlash. 

EXAMPLE 10.20 f articular dial test indicator. The plunger is a 
.FJg.1032 illustrates the gear ~gement ho; a !vement of the plunger verticaJJy upwards or 
part of a rack and pinion mechanism so t a m Aalibrated 

r3_e~:c 
Gear A J-r-_ _ Pointer 

✓ I ' 

Rack 

.... 'T"'... ' 
, I ' \ 

I I \ 

- '--,-- .J-- I 
I I I 

\ \. I ,.'l , 'T-- / I 

' I ✓ ....... _.__ .... 

Fig. 10.72. Basic features of dial test indicator 

scale 

/ ~ ,ota 15 teeth. The gears A and C ~ 
,.,..,;.. ~~tculate the masruflcation and tlie 
,~elY· 30 mm. 
:,W-..di' tJlo"'es panding to a plunger movein 
.1-,,i, 11: corr;55 teeth on the pinion Which enengatof30~ 

~.,~ere~- . . sea With~ 
~ \loJIJb evolution of pIIUon corresponds t . ..tee oner o 

the ptruon. The lack baa 

er rJow, _ . 
- 1 revolution of "M 

gear A • 1 >c "" 

30 ts* 
= 1 x r 1 

15 evo Utions of sear C 

30 30 =1 x -x-
15 15 revolutions of gear D 

= 4 revolutions of gear D 
ointer is attached to gear D, it Will turn f 

5i/lce the p our ?evolutions as the P•~lit.lK. 

jl) c¢1· fluid amplifiers 
10,13•

3
·u1· amplifier. Refer 10.73. 

f{ cfra IC • • 

Y a small displacement x 1s applied to a piston operatin . . 
~~en.d there occurs a large displacement y of the liquid in lheg IIISide a cylinder 

co111ebq°:, 'From volume balance of the liquid, .._ outputtubewhichhasai!t(a1ll 
Jjallleter ~ent of liq u id in the cylinder = : 0--.: 
Jisplace nt of liquid in the output tube , I x : 
Jjsplacerne Piston : i , 

1t2 7t~ I 

4 D x = 4 d-y ~:=;::!::::::::,t:;:IL,, Man:u,y 
Therefore the gain or amplification is 

. y (D)2 
gam G = ~= d 

and output y = (~)\ 
Fig. 10.73. Schematics of hydra , 

This principle is employed in the mercury-in-glass thermometers and in the single co 
manometers. 

EXAMPLE 10.21 

~ni Ou.id amplification system (Fig. 10.73), the amplification is to be 400. If fae 
ij I mm diameter, calculate the required cylinder diameter. 

movement of fluid meniscus in tube, y Solution: Am !if• · G 
P ication = movement of pluger in cylinder, x 

From volume balance of liquid, 



£.2(); 0 ,.,20x1 .. 20mm 
d 

,._.:a ... _L-·'d have a diarneter of 20 mm, 
"Jnua'1the cy111.-a :,OUIU 

1G.11.4. Paeuaatla ■111plifier 
Valve 

P2 

Bellows 

fig, 10.74. Schematics of pneumatic amplihcation 

When a pressure p is applied to the bellows, the valve spindle moves towards right and 
increaSeS the gap ben!.een the valve and its seat. More of the high pressure air (P ) that 
inwards and results into an increase in the output pressure P2· Normally a linear rcl~ti:Sh~ 
exists over a part of the range of movement of the valve : P2 = KPl' where K is a const:an nshtp t. 

10.14. HYDRAULIC SYSTEMS 
When the force required to affect a change in the flow variable is too large for self actuati · · til' d Th f onby 

the fluid system, a separate force augmenting system_ is u . 1ze • e ore~ augmenting system 
be hydraulic (using a liquid such as oil) or pneumatic (usmg a gas, particularly air). may 

Hydraulic actuators use a liquid control medium to provide an output signal which is a functi 
of an input error signal. The schematics of a hydraulic actuating system are illustrated in Fig.10 ; 5~ 
the major components being an error detector, an amplifier, a hydraulic control valve and an actu~t ' or. 

Hydraulic 
power supply 

Reference 
signal 

+ 
Error Amplifier ---

Hydraulic 
Control 
valve 

Fluid to sump 

Output 
Actuator 

Pump 

-Oilsump 
(a) 

Pump 

- Oil sump - (b) 

fig. 10.76. Constant-flow and con Stant-pressure h 
~ eonstant flow nm111geme11 t (Fig.10 76 n) h YdraUllc actuator 8Yllama 

(r,oil from an oil sump and provides. it at :c ere a constantdiffl),.,.__ ,r.11• 1 al . onstant fl -r -""'"t type 
... ~ the!\ ted to a contro v ve w ith a controlled fl . ow rate. The high ptunplen'ato 
aP:ditiOJlS; the whole of the oil is returned to the su Utd leakage back to the ~oililftll!ftd :u now of oil is to be used for longer periods. mp. The arransement wS:· ~ no load 

(Ir) Constant pressure arrangement: (Fig.10.76 b) where an efficientlywtien 
•
1 
at constant presSUie, and also stores energy f accumulator is used which 

~\ her than the predete~ed value, a pressure ;;li~k power demands. At lllllntiins 
hi:h pressure and return Imes. valve operates to~~ 

10,14. 1. Hydraulic pump 
There are three main types of pumps used in hydr u1· • 

pumP and the piston pump. a ic systems viz., the gear pump, the vane 

Figure 10.77 shows the outline of a fixed eau.. 
displacement gear pump. The unit consists of two Driver -,.r~-----• 
rotors which are mounted on separate parallel shafts. 
The oil trapped between the teeth of the suction port 
revolVIIlg gears and the metal casing is delivered from 
the suction port to the discharge port. ---.. 

To check leakage between the suction and 
discharge side of pump, the gear teeth are of special 
111Volute or cycloid construction. Meshing of gears Suellon poll 

serves both to transmit the drive and to maintain a 
seal between pressure and suction. Care is taken to 

Ag. 10.77. Gear pump 

F1lid --..-
DIMln 

:;:e ~at the oi! trapped between the successive lines of contact does not build up ~,A 
ge m flow drrection can be affected by reversing the direction of the gear aseembly. 

The d 'ffi I · · 
Fig. 1 0. 75. Schematics of a hydraulic actuating system sho . 

1 
. cu ties assoc1a ted due to wear in gear pump are overcome in a vane paDlp 

,._ ___________________________________________ wn~ •:n~F~•g~-~1:0.78. The unit consists of a slotted rotor with a number of spring loaded 

Transducer 



is mounted eccentrically in the casing ilt'ld t 
a_sils l'()tates. The space between the vanes i . he ""tlea 

~~!:,ed to the delivery side. ~e quantity of liq~i:ued lvith 
be controlled by affecting a change m the degree of ecce~~?ed 

Wobble or llic1ty. 
swash plate Cylinder bi<>cll 

--Dlsc1ia rge 

Spring 

Flg. 10.7&. vane pump Fig. 10.79. Axial flow piston purnp 

Figure 10.79 depicts a simplified version of an axial _flo': pi~ton pump. The unit co . 
eseentially of a cylindrical block which is rotated along with its piston. This rotation nsists 
~fston to move back and forth parallel to the shaft, and butt against the non-metal :~es the 
swash plate. The angle of wobble plate is either kept constant or is varied in accordance :~le or 
the pump is to have a fixed displacement or a variable displacement. No flow takes pl ether ace whe 
the wobble plate is perpendicular. n 

10,14.2. Hydraulic valves 
These elements of a hydraulic actuating system function to regulate the flow of hydr . 

fJ. • . th h cir u1· Th auhc wd from the high pressure side to the actuator, 1.e., e Y a 1c motor. ere are three . 
· fl d zl • main types of valves ; the piston or spool type, the apper an noz e type, and the Jet pipe valv 1 

all cases, the mechanical input motion can be controlled by manual operation, or by a u:·t ~ 
motion electric motor or by hydraulic pilot method. The output results in a change of hydra1;i 
pressure. C 

Piston or spool valve : The commonly used spool valve is constructed in either a three-way 0 
a four-way valve arrangement as shown in Fig 10.80. r 

Constant ~ 
pressure supply , 

' 
Liner 

Output to actuator 
or hydraulic motor - -- 0r--

(a) 

Drain 

t 

Constant~ 
pressure supply .+ 

Spoof 
Spoof 

Output to actuator 
or hydraulic motor 

(b} 

Fig. 10.80. Cylindrical spool valves : {a) 4-land, and {b) 3-land 

Drain 

t 

spaol Is in the neutral J)Ositi,_ 
•• fltdl tt,e of the spool to right and left-•,; the 
"'--~ ent t Thi . 1....__ ca, ...... the other por . s JS us:cause hen..._ ii 
111' jtl t pressure supply, the other ;i .one of the 
~ c;0f\S~ the hydraulic motor to rota~ it'~;~ are function of the 5POOl-vaive lJ\ a ~ 
f.' 111otO ozzle valve : The operation of th ~g, ~ 
jlie fµtpPlr ;e great_ ~es of ~P!icity an~ ':1:! is~ orta 
tiiO' Jta5 of which 1s a fixed restriction and the liability. 1ne 

ii ·e,, otle an ernent (Fig. 10.81 ). The nozzle res o~~ Variable ~r 
¢'tile art c!rther from the nozzle. The fluid l:riction is~ 
riD o¢ to o~ is Jed to the nozzle. When the fl at constant Pre&sure as 
d d a bri1J1 erung, there is very little leaka apper moves into a }>allleg 
.iJ1 zt1e op . th ge and th J>ositlon.u.,-~ 
tt,e f10 ith noz.zle openmg, ere occurs an incre _e output Pl'essiue IIIIQi 

s~PplY· W ti the output pressure diminishes. Thus ase II\ pressure dro a,l'Ptoa;.ili'I: 

cO~uetl ;{ position. the device P?oduc! ICrOia 
.. ~ oa PP a Variablci 

1i JV' Constant pressure Qll 
supply 

i 
Restriction --;:;---,..... 

Output 

- pressure---------------~ 

Fig. 10.81 . Flapper noule valve 

ftt-pipe valve : The device comprises a pivoted n ozzl d 
two adjacent orifices. The nozzle converts the static pres e an f 

. ~. ~eo 
lhesystem U1to etic energy and then directs the high vel •ty 
iPt of hydraulic fluid towards the orifices. During flow thr oci h ,. th ~ . . oug 
orifices,. e . etic energy 1s reconverted to pressures ; the 
conversion being approximately 90% efficient at mode t 

supply pressure. This results from the act that friction ca:~ 
reduced to minimum by making the space between the nozzl 
wl orifices relatively large. e 

The flapper-nozzle and jet-pipe valve arrangements are 
&equently used as preamplifier to a piston valve. 

i0.14.3, Desirable characteristics of hydraulic fluids 
• low level of impurities and high value of the bulk 

modulus 

ivoi~ sufficient film strength to prevent metal-to-metal contact between moving._~ 
, wear of control valve, motor and pump elements 

lllOVin adequate viscosity to give good seal at piston, glands and valves. At tow' 
g Parts would wear ra idl and there would be loss of fluid from the sys-. 
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,floulil be exct19ive load to the moving parts and a considerable 

lstanCe to formation of sludge and gum. The formation 
• i;e., ~~ it ..... c.....s through pumps, valves, piping and m of ~a~u ~- -~ 

and Qfteal cause rusting . . 
point temperature, a high flash pomt, resistan -acidity, a low pour ce to 

~ ~~~; without additives, are the most common of hydraulic flllids 
~ W1 • d corrosive protecting features. However certain S}'nth . 

dif their supenor }~~ting an pounds halogenated fluids, and silicon fluid ar etic 
phosphate or silicate easter com ' . . e now 

because of their good ftre resistance charactenstlcs. 

014.4. Advantat•• and limitations of hydraulic systems . . 

high 
....,__,.,.,.. d to effectively incompressible nature of the hqutd control mediu-• response ue . . . • .. 

• high power gain due to readily conversion of liquids to high pressure or flows. The high 
energy liquid can be effectively piloted by the hydraulic controllers 

• simplicity of the actuator system . . . 
• long life due to self-lubricating properties of the hydraulic liquids 
• requirements of proper seals and connection so as to prevent the leakage of hydraulic fluid 
• careful maintenance of the system to keep the fluid clean and p ure 
• stringent requirements for the hydraulic fluid to be fire-resistant, anti-corrosion and self. 

lubricating. 
Their high power-to-weight ratio results in their finding a wide range of use in machine tools, 

speed governing systems and position control systems. 

10.1!1. PNEUMATIC ACTUATORS SYSTEMS 
Pneumatic controllers use air control medium to provide an output signal which is a function of 
an input error signal. The schematics of a pneumatic control system are illustrated in Fig. 10.83; 
the major components being an error detector, flapper-nozzle (controller mechanism), and an 
amplifier or pilot relay. 

Measured 
variable 

Error 
detector 

Set 
point 

Error signal 

Feedback 
'-----l elements 

Flapper 
nozzle 

Amplifier 
(Pnot relay) 

Output 

Filtered 
air supply 

Fig. 10.83. Schematics of a pneumatic actuating system 

The pneumatic actuating mechanisms are of two types : force balance and motion balance. In 
a force balance control (Fig. 10.84 n), the deviation of a diaphragm is proportional to the pressure 
difference (P

5 
- P0); P

5 
and P0 being the set-point and output signal pressures, respectively, In 8 

(Jlltl'Ouer (Fig. 10.84 &) tM 
c 

1 
on the deviation movement_ 

c0tttf0 
/. ,iid 12• 

of It . _,..,..,nent dependent on (P • _ p \ 
,:.; - . .:aliOO n~·- • ., r or-- - Belows 

Diaphragm 

~ 

Bellows 

Outputlignaj 

PfllSsure P0 

( ) Force-balance actuator Fl 
Fig, 10.84, a 9-10.84. lb)~-.~~•"' 

matic nozzle-flapper 
1 pneu . 

10,15, · e-flapper is a basic_ ~ompone~t of pneumatic and h dra . 
~ no~ ·on, and as a preas1on gau gmg equipment. Figure io 85 ulic llleasutexnenti, 
~ ~5~ ozzle-flapper amplifier. · shows a schematic~ 
of a pneurnattc n 

FiXed orifice 

7 
Air supply - W 

jx 
"' 

Flapper 

(P,) --- -----~ 

Nozzle back 
pressure (Pb) P_, ivotv---..r1Piwt 

♦ \ Input motion 
To control valve 

Fig . 10.85. Pneumatic nozzle flapper 

The unit consists essentially of nozzle supplied with pressurized air (1.4 bar ~ 
an orifice restriction- The orifice diameter is approximately 0.25 mm and that !;': 
0675. mm. For proper functionin?, the nozzle diameter must be larger than the orifice · 
):St tn front of the nozzle, the~e 1s ~ flapper ~hich is positioned by the input motion. As 
pproaches the nozzle, there 1s an mcrease m resistance to the flow of air through the 

consequently the nozzle back pressure increases. If the nozzle is completely closed by the 
iu cannot escape through the nozzle. 

Consequently m · · . . aximum a1.t passes at the supply pressure P . When the nozzle-fla 
115 made wider b · 5 
M' Y moving the flapper away from the nozzle there is .....,...;,.,.,1v no. --~~ili I ~-~ 

escapes to atmosphere. The nozzle back pressure takes on a 
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c pressure P •. Thus a movement x 
beck pressure Pb if the supply pre""'~ e n.... ~...:e p . ~M:t 

• curve P1, • ts kept 
the nozzle 

the curve at 
sensitivity or I P • 

only used 0.25 mm 25. 
d 0.625 mm nozzle J 

motion of the baffle s, 

Slope;~ 
Dx 

the nozzle back pressure j AX 
bar in the central portion of z p

1 

________ _ ______ _ _ 

steep and almost linear part 
utiliud in actual operation of 

unit 

2. Pneu ... tlc relay 
To increase gain and to have larger outputs 
~ lor the operation of large pneuma~c 
adiiators, a pneumatic relay is often used in 
~unction with the nozzle-flapper unit. Figure 
1.D.88 shows the outline of the most common from 

0 Nozzle flapper distance 

Fig. 10.86. Flapper-valve characteristic 
Nozzle 

back i pressure, pb 

ol-. pneumatic relay widely used in process Exhaust to 

control. When the nozzle back pressure increases, atmosphere 

the ball valve is .forced towards the lower seat. 
The air supply is shut off and output pressure P0 
ID the pneumatic valve drops. When the ball rests 
on its upper seat, the exhaust port is closed and 
the control pressure PO becomes equal to be 
supply pressure P,. The control pressure can thus 
be varied from O bar to full supply pressure of 
1.2 bar (gauge). The movement of the ball takes Alr supply, P, 
place due to change in the value of nozzle back 
P

l'eSSure hi h ults fr d " 1 t f Fig. 10.87. Pneumatic relay unit w c res om 1sp acemen o 
flapper in front of the nozzle. The relay-system is of bleed type since at all positions of the ball 
except at the top-seat, the air continues to bleed into the atmosphere. 

10.15.3 Single acting and double acting pneumatic actuators 
In~ pneumatic actuator, compressed air is the basic energy source. A reciprocating compressor 

sucks air from the abnosphere, compresses it to the requisite pressure and the compressed air is 
Compressed air 

Piston 
To atmosphere 

Piston rod 

Chamber A 

ChamberB 
Cylinder 

Fig. 10.88. Single acting pneumatic actuator 

Movement --
Load 

··"' vessel called the air retelv ,...- I . er: 
fo.r that a coo er 1S used to __, 

.1 dust. •= 
i . -"" loyed to remove any water va-.... etJ'IP . ...,_ ~~~ to' iS ctiJlg pJleumatic actuator, spring t 
'% sif'S1~ :

0 
a cylinder which is a hollow ~ 

1 ~ ~ 0,,lf iJI into ct1axn~ A and overcomes the~ & cylitl:d the air inS1de the chamber is allowJ ~ 
~ st('I'~s right. 
I~ ,.o"'31 eompressed air 

~ 
Valve To atmosphere 

Piston rod 

Chamber A 

cnamberB 
Piston Cylinder 

Fig. 10.89. Double acting pneumatic actuator 

ouble actirlg pneumatic arrangement has two ports (valves) for compressed air su 
'fhe d ent release to atmosphere. When pressurized air enters the chamber A ... !!J 

ubSequ B d th · · h ' ""'"' 15 
-~ its s . f m the chamber an e piston 1s pus ed extreme on the left side of the 1,_~_ 

II"' f al! ro · d · · h be cy .... ""!"•• 
e;0peo t stroke, entry of pressunze _ au 1s c an, r B, the esc~pe of air to atmosphere is &om 
~g nex d the piston movement 1s towards righl 
.,,mb,?r A an · lin . u .... - . le and double acting ear pneumatic actuators have key advantages of: 

'fhe sl1lg 1· bl ti t design and re 1a e opera on 
• compac . . 

d construction and sU1table for harsh environments 
• rugge 
, sy {Jl3intenance 
, ea sitioning accuracy and versality of use and application 

~ actuators have wide applications~ ~dus~es w~ere l?ad needs to be lifted or lowered, 

d Pulled and positioned. The mam mdustnes using hnear actuators are: 
pushe or , . 

_ material handling and packagmg 

_ food processing and pharmaceutical 

_ machine tool, automotive and defence 
The RotanJ Achiators have been designed and developed for the applica~ons requiring a 

rotary motion or torque to control the speed and rotation of the attached eqwpmenl 1n these 

actuators: • 
, there is transformation of pneumatic, hydraulic or electric energy to mechanical rotatiOn 

• the linear motion in one direction gives rise to a turning or angular movement through a 

pre-set (defined) angle. the 
The pneumatic rotary actuators utilize the pressure ~f compressed air to ~a~ rotation~ 

rotary motion. For operation, the force is applied at a ~ce av:ay from the a: actua 
that causes a turning momenl The two most common configurations of pneuma rotary 

I are_: 
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~ llc,eaq vw actwtoa. The vane actuator consists of a vane mounted on a central h ~ 

~lndle endosed in a cyJindrical chamber. A stream of J?ressurizcd air is made to imping 
8 

aft/ 
~~ and that push makes the spindle to tum. There is a port through which the air ~ lt~on 
~~ls released to the atmosphere. When ihe vane .~s turne~-through a spedied ang1e~d 
au flow as reversed and the spindle rotates back to its ongmal position. The stroke gets corn I 

th
e 

and subsequently the process is repeated. p eted 

The vane actuators are used for light loads. 
2. Rack and pinion actuator: The rack and pinion actuator consists of a. piston ancI rack 

moves linearly and causes a pinion ~ar and output shaft to rotate. TI,e rack 1s machined as 
th

at 
of the piston rod of a double acting linear cylinder. The pinion gear meshes with the ra ~ Part 
turns the spindle as the piston moves when air pressure is applied to it. The spindle is a~ ~d 
angles to the piston and rotates clockwise, then anticlockwise as the linear cylinder complet;~~t 
double actioru tts 

The rack and pinion actuators are used when more speed is required. 

'The key merits of pne\tmatic rotary actuators are: 
zero oacklasn, high force output, high repeatability and positioning accuracy, less \vear 

maintenance and greater durabilit; ability to work effectively in hazardous environments. and 

These actuators are being successfully, employed in the following industries for work .th 
te 

.. Wt 
grea r preos1on :' 

Robotics and CNC machines, Aerospace and flight simulation, Radar and monitoring syst 
Medical industry. ems, 

10.15.4. Advantages and limitations of pneumatic systems 

• si11,pJicity of components and ease of maintenance 
• explosion proof characteristics ; freedom from the hazards 
• relatively high power amplification for operating the final control elements 
• relatively inexpensive power system; abundance and free supply of air 

• slow response of final control elements, and transmission lag 

• operation difficult under freezing conditions. 


