Introduction

The function of a governor is to regulate the mean speed of an engine, when
there are variations in the load e.g. when the load on an engine increases, its speed
decreases, therefore it becomes necessary to increase the supply of working flurd.

On the other hand, when the load on the engine decreases, its speed
increases and thus less working fluid is required.

The governor automatically controls the supply of working fluid to the engine
with the varying load conditions and keeps the mean speed within certain limits.

The function of a flywheel in an engine is entirely different from that of a

governor. It controls the speed variation caused by the fluctuations of the engine
turning moment during each cycle of operation.

It does not control the speed variations caused by a varying load

l - i
5 -
4 A
i -

Types of Governors

The governors may, broadly, be classified as

1. Centrifugal governors, and 2. Inertia governors.
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Centrifugal governors

Pendulum type Loaded type

u ! !

Watt governor Dead weight governors Spring controlled
| governors

| l

Porter governor Proell governor

\ 4 J/ N

Hartnell Hartung Wilson-Hartnell Pickering
governor governor governor governor
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Inertia governor

At Longest Cut-off At Shortest Cut-off

A speed-control device utilizing suspended masses that respond to speed
changes by reason of their inertia

Inertia governor is more sensitive than the centrifugal, but it becomes
difficult to completely balance the revolving parts. For this reason centrifugal
governors are more frequently used.
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An 18t century governor Boulton & Watt engine of 1788
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Centrifugal Governors

The centrifugal governors are based on the balancing of centrifugal force
on the rotating balls by an equal and opposite radial force, known as the controlling

force.

It consists of two balls of equal mass, which are attached to the arms as
shown in Figure These balls are known as governor balls or fly balls. The balls
revolve with a spindle, which is driven by the engine through bevel gears.

Arms —

/Spindle
Y\ a The upper ends of the arms are
G O\ [els pivoted to the spindle, so that the
Fb,_ba/ﬁs Z HL balls may rise up or f_aII dovyn as they
Links " e o2l revolve about the vertical axis.
Sleeve — T2 S S il 2 \E\Throttfe
L& lever f f valve
SN77727
ﬁh Bevel Z 2
:"j'-; gear -1 TT T >
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The arms are connected by the links to a sleeve, which is keyed to the spindle.
This sleeve revolves with the spindle ; but can slide up and down.

The balls and the sleeve rises when the spindle speed increases, and falls
when the speed decreases. In order to limit the travel of the sleeve in upward and
downward directions, two stops , S are provided on the spindle.

The sleeve is connected by a bell crank lever to a throttle valve. The
supply of the working fluid decreases when the sleeve rises and increases when it

falls.
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Watt Governor
The simplest form of a centrifugal governor is a Watt governor, as shown in
Figure basically a conical pendulum with links attached to a sleeve of negligible mass.
The is governor may be connected to the spindle in the following three ways :

1. The pivot P. may be on the spindle axis as shown in Fig. 18.2 (a).

2. The pivot P, may be offset from the spindle axis and the arms when produced
intersect at, 0, as shown in Fig. (b).

3. The pivot P, may be offset, but the arms cross the axis at O, as shown in
Figure is, ().
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1.Height of a governor : It is the vertical distance from the centre of the
ball to a point where the axes of the arms (or arms produced) intersect on
the spindle axis. It is usually denoted by h.

2. Equilibrium speed: It is the speed at which the governor balls, arms etc.,
are in complete equilibrium and the sleeve does not tend to move up wards

or downwards.

3. Mean equilibrium speed : it is the speed at the mean position of the balls or
the sleeve.

4, Maximum and minimum equilibrium : It is the speed at the maximum and
minimum radius of rotation of the ball without tending to move in either
direction.

5. Sleeve lift: It is the vertical distance which sleeve travels due to change
in equilibrium speed.




m = Mass of the ball in kg.
w = Weight of the ball in newtons = m.g.
T = Tension in the arm i newtons.
® = Angular velocity of the arm and ball about the spindle axis in
rad/s.
r = Radius of the path of rotation of the ball i.e. horizontal distance
from the centre of the ball to the spindle axis in metres.
F. = Centrifugal force acting on the ball in newtons = m.o*.r. and
h = Height of the governor in metres.
It is assumed that the weight of the arms. links and the sleeve are negligible as compared to
the weight of the balls. Now, the ball is in equilibrium under the action of

1. the centrifugal force (FC} acting on the ball. 2. the tension (7) in the arm. and 3. the weight
(w) of the ball.

Taking moments about point O, we have

F.xh =wxr=mgr

m.w>rh =mgr or h=glm? . (D)

When g is expressed in m/s” and o in rad/s. then / is in metres. If N is the speed inr.p.m.. then
®w =2nN/G60

0.81 295
h= - = — metres von (0 g=9.81 m/s?) . . . (i)
(2n N/60)" N )




Note

» One can see from the above expression that the height of a governor h is
inversely proportional to N2. Therefore at high speeds, the value of hissmall.

» At such speeds, the change in the value of h corresponding to a small change
in speed is insufficient to enable a governor of this type to operate the
mechanism to give the necessary change in the fuel supply.

»This type governor may only work satisfactorily at relatively low speeds i.e.
from 60 to 80 r.p.m.
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Porter Governor

The Porter governor is a modification of a Watt's governor, with central

load attached to the sleeve as shown in Fig.

The load moves up and down on the
central spindle. This  additional

increases the speed
of revolution which is required to
enable the balls to move to any pre

determined level.
v Sleeve
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m = Mass of each ball in kg.

w = Weight of each ball in newtons =m.g.

M = Mass of the central load in kg,

W = Weight of the central load in newtons =M.g.
= Radius of rotation in metres,




Height of governor in metres .
= Speed of the balls in r.p.m ..

Angular speed of the balls in rad/s
=2 tN/60 rad/s.

Centrifugal force acting on the ball
in newtons = . m>.7.

Force in the arm in newtons.
Force in the link in newtons.

= Angle of inclination of the arm (or
upper link) to the wvertical, and

Angle of inclination of the link

(or lower link) to the vertical.

Though there are several ways of determining the
relation between the height of the governor (/1) and the
angular speed of the balls (w), vet the following two
methods are important from the subject point of view :

1. Method of resolution of forces : and
2. Instantaneous centre method.




1. Method of resolution of forces

Considering the equilibrium of the forces acting
at D. we have

@
8
L
(/) The weight of ball (w =m.g).
(i) The centrifugal force (F_.).
(7if) The tension in the arm (7). and
(i1v) The tension in the link (T 2).
Resolving the forces vertically.

M
HcosO=T cos f+w=

+mg

Resolving the forces horizontally.

: M.
T; sin o + &

X sin B = F,
2cos B p="Fe

T,sino+T,sinB=F

&
Again, considering the equilibrium of the forces acting on B.
The point B is in equilibrium under the action of the
following forces.




. M.
I s o + 13

Ti 5111 HIFC oy

Dividing equation (ii7) by equation (77),

M.-g
JiSi.ﬂEl._Fc_ :, i

— M- =
Iy cos O Eg+m_g

M.
+m-g]tan[£:Fc - ngtanﬁ

Fr _M_gxtaﬂ[}
2 tan Ct

t
;%[ﬁl:q,aﬂd tEﬂﬂ.:%: we have

M+m_g:Jii*:_mrz_r':a-::i—M'g:aa:a-__;-'
2 r 2

m.o h=m.g+ —ﬂig (1+ q)




895
X

m h
sz (R
... (Taking g = 9.81 m/s%)

m+%(1+q)

Notes : 1. When the length of arms are equal to the length of links and the pomnts Pand D lie on the same vertical
line, then

tan ot =tan of g=tand/tanf=1
Therefore, the equation (v) becomes

) _(m+M) 895
m h

N




2. When the loaded sleeve moves up and down the spindle. the frictional force acts on it in a direction
opposite to that of the motion of sleeve.

If F=Frictional force acting on the sleeve in newtons, then the equations (v) and (v/) may be written as

M.gxF
m.g + B (1+ q) 395
N2 = = X ... (vii)

m.g h

_m.g+(M.g+tF) 895
- 7 ...(Wheng=1)... (viii)

m.g

The + sign 1s used when the sleeve moves upwards or the governor speed increases and negative sign is
used when the sleeve moves downwards or the governor speed decreases.

3. On comparing the equation (v#) with equation (i7) of Watt’s governor (Art. 1 ). we find that the

m+ M
mass of the central load (M) increases the height of governor in the ratio




2. Instantaneouns cenire method

In this method. equilibrium of the forces acting on
the link BD are considered. The instantaneous centre 7 lies
at the point of intersection of PB produced and a line through
D perpendicular to the spindle axis. as shown in Fig.
Taking moments about the poimnt J.

Fe XBM =wx IM +%><ID

M.g

=m.gx IM + x ID

IM M.g ID
Fe =m.gX + X
BM 2 BM

=m.g X +

BM 2 BM

IM M.g[IM+MDJ

=m.g X

IM +M.g IM +MD
BM 2 | BM BM




M.g M MD
= 711. X o]t ——=tan o, and — =tan
m.gtan o + 5 (tan o + tan [3) ( = = p

Dividing throughout by tan o,

E M.g i M.g
© =Wmpe—|1+ s =mg+—2(0+4q)
tan o 2 tan o 2

We know that F. = m.?y  and tan o :%
)

) H?.U]z.?xﬁ = F??-g‘F%(l-l—q)
7

3rr.g+M2'g (1+q) m+%(1+q)

h =
m

When tano=tan} or g=1.then

m+ M
f =




Example The arms of a Porter governor are each 250 mm long and pivoted on the
governor axis. The mass of each ball is 5 ke and the mass of the central sleeve is 30 kg. The radius
of rotation of the balls is 150 mm when the sleeve begins to rise and reaches a value of 200 mm for

maximum speed. Defermine the speed range of the governor. If the friction at the sleeve Is equivalent
of 20 N of load at the sleeve, determine how the speed range is modified.

Solution. Given : BP=BD=250mm:m=5kg: M=30kg 1, =150 mm : r, =200 mm

L&t N,=Minimum speed whenr, =BG = 150 mm. and

N,=Maximum speed whenr,=BG = 200 mm.




Speed range of the governor

From (a). height of the governor.

Iy = PG = \[(PB)* — (BG)* =+/(250)? — (150)? =200 mm = 0.2 m

m+ M _ 895
X
h]

(V) =

N,= 177 rp.m.

From (). height of the governor.

, = PG = |(PB)’ - (BG)’

=0.15m

5
(Nz)z =m+M XSQS _ +30x 895 _ 41767

m h- 5 0.15

N,=204.4 rp.m.

‘speed range of the governor
=N,—-N;=2044-177=27.4rp.m. Ans.




Speed range when firiction at the sleeve is equivalent of 20
N of load (i.e. when F = 20 N)

when the sleeve moves downwards,
the friction torce (#) acts upwards and the minimum speed is
given by

m.g+ (M.g —F) 895
Wy -merMe-F),
m.g hy

_ 5x9.81+(30x9.81 - 20) 895
5% 9.81 0.2

when the sleeve moves upwards.
the frictional force (F) acts downwards and the maximum
speed is given by
mg+(M.g + F) o 895
m.g h

(Nz )2 =

_5x9.81+(30X9.81+20) 895
5%9.81 0.15

N,=210rp.m.

speed range of the governor
=N,—N,=210-172 =38 r.p.m. Ans.




Proell Governor

The Proell governor has the balls fixed at B and C to the extension of the
links DF and EG as shown in Fig. The arms FP and GQ are pivoted at P and Q

respectively.

By this change, it requires fly ball of

less mass for same action.

The central load moves up and
down on the central spindle. This
additional downward  force
increases the speed of revolution
which is required to enable the
balls to move to any pre

determined level.

Central
Load (W )

|_ | Sleeve




Consider the equilibrium of the forces on one-half of the governor as shown in Fig.
The instantaneous centre (7) lies on the intersection of the line PF produced and the line from D
drawn perpendicualr to the spindle axis. The prependicular BM 1s drawn on ID.

P Q

Governor axis

Central
Load (W)

Sleeve

Taking moments about I,

w M.
Fe XBM =wxXIM + —XxID=m.gxIM + ngﬂ] D

Fo=m.gx +

=i = . ID = IM+ MD)

M M.g[m+MD]

BM




Multiplying and dividing by FM. we have

FM | IM M.g(IM MD
Fe=——|m.gX + +
BM FM 2 |FM FM

L

—

FM M.g
=——|m.g Xtan + —— (tan o + tan
BM . 2 { ﬁ)}

L

FM M.g tHﬂB.
=——Xtano | m. g + 1+

BM 2 tan o
tan 3

=
We know = 24 fano = — g =
2 know that Fc m.o-r: ; and i

M-8 {1+q)}

2

—

£
h

Substituting .81 m/s’, we get

Governor axis




Taking moments about I.
Fo X BM = wX IM +¥x£D=m.gxM 1 28

X ID o o Af)

1. The equation (/) may be applied to any given configuration of the govermor.

Governor axis

M M
szm m+?{l+q) 305 Nz:.m+?(1+q)><895
BM m h ... (diD) m h

2. Comparing equation (7i/) with the equation (v) of the Porter governor
equilibrium speed reduces for the given values of m. M and /. Hence in order to have the same equilibrium
speed for the given values of m. M and /. balls of smaller masses are used in the Proell governor than in the
Porter governor.

3. When o = B. then ¢ = 1. Therefore equation (##/) may be written as

N2 = M [m +M ]895

(7 being in metres) ...(iv)

- BM m i




Example The following particulars refer to a
Proell governor with open arms :

Length of all arms = 200 mm . distance of pivot of arms
from the axis of retation = 40 mm : length of extension of lower
arms to which each ball is attached = 100 mm : mass of each ball
= 6 kg and mass of the central load = 150 kg. If the radius of
rotation of the balls is 180 mm when the arms are inclined at an
angle of 40° to the axis of rotation. find the equilibrium speed for
the above configuration.

Solution. Given : PF=DF =200 mm : PO = DK =
HG=40mm : BF= 100 mm : m = 6 kg: M = 150 kg :
r=JG=180mm=0.18 m: o= = 40°

Let N = Equilibrium speed. Fe X BM =m.g x IM +

M g

From the equilibrium position of the governor. as shown in Fig,
PH = PF x cos 40°

=200 % 0.766 = 153.2 mm
=0.1532m




and FH = PF *sin 40°= 200 = 0.643 = 128.6 mm
JF =JG-HG-FH=180-40-128.6=11.4mm

and BJ = /(BF)> — (JF)? =+/(100)* — (11.4)> = 99.4 mm

BM=BJ+JM=994+153.2=252.6 mm ... (~JM=HD = PH)

IM=IN-NM=FH-J"=128.6-11.4=117.2 mm
and ID=IN+ND=2xIN=2xFH=2x128.6=257.2 mm

Now taking moments about the instantaneous centre /.,

or

M
Fe XBM =m.g x IM +- 2':’ x ID

150 x 9.81
F.x2526=6x%981x1172 + ”; x 2572 =
LT PPEN

252.6

2n N

2
F. = ??6.4=m..:.::2.r=6[ = J 0.18 = 0.012 N*

N? I76'4:64?DD or N=254rpm. Ans.

0012




H d rtn el I G overnor A Hartnell governor is a spring

loaded governor as shown in Fig.

It consists of two bell crank
Spring LI levers pivoted at the points 0,0 to

the frame.
_ The frame is attached to
Bell crank = the governor spindle and therefore

NSt rotates with it.
Each lever carries a ball at
the end of the vertical arm OB and a
roller at the end of the horizontal
arm OR.

A helical compressive
spring provides equal downward
forces on the two rollers through a
collar on the sleeve.

; It serves the purpose like
Roller | Ny dead weight load. The spring force

SN may be adjusted by screwing a nut
| up or down on the sleeve.

= Spindle

L~







Let m = Mass of each ball in kg.
M = Mass of sleeve in kg.

i = Minimum radius of rotation in  Bell crank

metres, Lever

= Maximum radius of rotation in
metres,

= Angular speed of the governor at
minimum radius m rad/s.

= Angular speed of the governor at
maximum radius in rad/s.

= Spring force exerted on the sleeve
at 0, in newtons.

= Spring force exerted on the sleeve
at (0, in newtons,

= Centrifugal force at ®, m newtons = m ({ﬂl]z s

= Centrifugal force at ®, n newtons =m (0)2}2 I

s = Stiffness of the spring or the force required to compress the spring by one mm.
x = Length of the vertical or ball arm of the lever in metres,
v = Length of the horizontal or sleeve arm of the lever in metres. and

1 = Distance of fulcrum O from the governor axis or the radius of rotation when the
governor is in mid-position. in metres.




Governor axis

(a) Minimum position.

|
!‘1— Yo
|

(h) Maximum position.

Governor axis




Consider the forces acting at one bell crank lever. The minimum and maximum position 1s

shown in Fig. Let /i be the compression of the spring when the radius of rotation changes from
I, to 1.
Base

For the minimum position 7.e. when the radius of rotation changes from 7 to 7,. as shown in
Fig. (a). the compression of the spring or the lift of sleeve /1, 1s given by

For /B
4 |

i

Governor axis

(a) Minimum position,




Similarly. for the maximum position 7.e. when the radius of rotation changes from 7 to 7:,. as
shown m Fig. 18.19 (b). the compression of the spring or lift of sleeve /i, 1s given by

Frg_ﬁzzir'z,—r

m—

y x

Governor axis

Adding equations (7) and (i),

h+h n-—#

"Ir_."

-.-'




Governor axis

Now for minimum position, taking moments about point O, we get
M.g+ 8§

2
Mg—l—Sl =_{Fﬂl }{1'1 —m.g}:ﬂ'ﬂ
N
Again for maximum position. taking moments about point O. we get

ME-E-SE

4 =F.-.¥%x,. +megxa
2 Y2 2 2 g 2

¥
Y2

Governor axis




Subtracting equation (/v) from equation (v),
.

) 2
SI_Slz_(FCE }{Iz -t—m.g}{az)——(FC]}{Il—m.g}{ﬂl]

V3 M

Neglecting the obliquity effect of the arms (7. E‘TII =x,=x.and y,=y,=y) and the moment

due to weight of the balls (i.e. m.g). we have for minimum position.

M. g+
g} SLK}*=F&;;K:: or M.g+$1=2Fm}¢:£
e 1.1
Similarly for maximum position.
M.g+ 8 3
© T2 xy=Fe XX ot M.g+ S, =2F, x—

2 3

Subtracting equation (v7) from equation (vif),
X
Sy =5 =2 (Fes '“Fm)';
We know that ' '

S,—S,=hs, and  h=(—n) lr

- 2
3:52_51:2 Foy —Fa || x
h n-n o )\»

o (VF)

... (vii)

v (iX)



Example A Hartnell governor having a central sleeve spring and two right-angled
bell crank levers moves between 290 r.p.m. and 310 v.p.m. for a sleeve lift of 15 mm. The sleeve arms
and the ball arms are 80 mm and 120 mm respectively. The levers are pivoted at 120 mm from the
governor axis and mass of each ball is 2.5 kg. The ball arms are parallel to the governor axis at the
lowest equilibrium speed. Determine : 1. loads on the spring at the lowest and the highest equilib-
ritm speeds. and 2. stiffiress of the spring.

Solution. Given : N, =290 rp.m. or ®, = 2 * 290/60 = 30.4 rad/s : N,=310 r.p.m. or
0, =21 *310/60=325rad/s: A=15mm=0015m:y=80mm=008m:x =120 mm=
0.2m:r=120mm=0.12m:m=25kg

1. Loads on the spring at the lowest and highest equilibrimtin speeds

Let

F
S = Spring load at lowest equilibrium speed. and o

S, = Spring load at highest equilibrium speed.

Governor axis

Since the ball arms are parallel to governor

axis at the lowest equilibrium speed (i.e. at

N, =290 rpm.), as shown in Fig_. <« y=80mm —»
<4+—— 120mm —pi

r=r=120mm=0.12m

(a) Lowest position.



We know that centrifugal force at the minimum speed.
Fo=m (@) r,= 2.5(304) 0.12=27TN

Now let us find the radius of rotation at the highest equilibiium speed, i.e. at N, =310 r.p.m.
The posttion of ball ann and sleeve arm at the highest equilibrivm speed 1s shown in Fig. 18.20 (),

Let r, = Radius of rotation at N, =310 r.p.m.

We know that h=(n -n) L
X

Fe
n=n+h i
¥y

Q.12
0.08

Governor axis

=U,11+D.{}15( ]zﬂ.l-ﬂﬂ.ﬁ m

h=15 mm

t

Fe, =m (w,)* 1, “«— 120mm —»|

(b) Highest position,

*. Centrifugal force at the maximmun speed.




Neglecting the obliquity effect of arms and the moment due to the weight of the balls. we
have for lowest position,

Mg+ S =20 xE=2x 37T 222 e N

v 0.08

S, =831 N Ans.

and for highest position,
M.g+8,=2F,x>=2x
-“:lI

S, = 1128 N Ans.

2

FA

. Stiffness of the spring
We know that stiffness of the spring,

-5 1128 -831

— - = =19.8 N/mm Ans.
h 15




Example In a spring loaded governor of the Hartnell tvpe. the mass of each ball is
1keg. length of vertical arm of the bell crank lever is 100 mm and that of the horizontal arm is 50 mm.
The distance of fitlcrum of each bell crank lever is 80 mm firom the axis of rotation of the governor.
The extreme radii of rotation of the balls are 75 mm and 112.5 mm. The maximum equilibrium speed
is 3 per cent greater than the minimum equilibrium speed which is 360 r.p.m . Find. neglecting oblig-
uity of arms, initial compression of the spring and equilibritim speed corresponding to the radiis of
rotation of 100 mm.

Solution. Given:m=1kg:x=100mm=0.1m:y =50 mm=0.05m : »= 80 mm
=008 'm ; r,= 75-mm= 0.075 m [ r= 1125 min = 01125 m J-N, =360 r.p-m: ‘of
®, = 27 % 360/60 = 37.7 rad/s

Since the maximum equilibrivm speed is 5% greater than the minimum equilibrivm speed
(,). therefore maximum equilibrium speed.

w, = 1.05 x 37.7=39.6 rad/s

We know that centrifugal force at the minimum equilibrium speed.

Fop =m () r,=1(37.720.075=106.6 N

and centrifugal force at the maximum equilibrium speed.
Fo, =m (0, 1,=1(39.6)°0.1125=1764N




Initial compression of the spring S, = Spring force corresponding to ®,. and

S, = Spring force corresponding to ,.
Since the obliquity of arms is neglected. therefore for minimum equilibrium position,
: 0.1
M.g+58 =2Fyx—=2x106.6x ——= 4264 N
v 0.05

S, =4264N

and for maximum equilibrium position.

y

X
M.g+58, =2FX= _ 2y 1764% 2L — 705.6 N
. 0.05
S, =705.6N

We know that lift of the sleeve,

, 0.05
h=(m—1n) Lo (0.1125 — 0.075) o1 =0.018 75 m
X :

S, =585 7056 —-4264
and stiffness of the spring 5 = — - L — S 14 890 N/m = 14.89 N/mm




Initial compression of the spring

= i = ﬂ = 28.6 mm Ans.
5 14.89

Equilibrintm speed corresponding to radius of rotation r = 100 mm = 0.1 m
Lt N = Equilibrium speed in r.p.m.
Since the obliquity of the arms is neglected. therefore the centrifugal force at any instant.

7
Fo =Foy + (Fep — Fey) IJ

b —F

i

0.1 -0.075
0.1125 - 0.075

=106.6 + (176.4 —106.6) [ ]: I53 N

We know that centrifugal force (FC ).

1IA3=mi.w . .r= (ZEN

2
] 0.1=0.0011 N>

N2 =153/0.0011 =139 090 N =373 rp.m. Ans.




Hartung governor

Here vertical arms of bell crank lever is attached with spring ball which
compress against the frame of governor.

This additional force against the centrifugal force increases the speed of
revolution which is required to enable the balls to move to any pre determined

level. :
Spring balls

Spring

Bell crank
lever

Prof. K M Joshi, SSASIT, Surat



Wilson-Hartnell

Main spring

Auxiliary
spring

Wilson-Hartnell governor.




Wilson-Hartnell

In Wilson Hatnell governor balls are connected by a spring in tension.

An auxiliary spring is attached to the sleeve mechanism through a lever
by means of which the equilibrium speed for a given radius may be adjusted.

The main spring may be considered of two equal parts each belonging to
both the balls. The line diagram of a Wilson Hartnell governor is shown in Fig.




Pickering Governor

A Pickering governor is mostly used for driving gramophone. It
consists of *three straight leaf springs arranged at equal angular intervals
round the spindle.

Each spring carries a weight at the centre. The weights move
outwards and the springs bend as they rotate about the spindle axis with
increasing speed.

Spindle
r'd
| || Spindle nut

Leaf
g spring




Sensitiveness

Consider two governors A and B running at the same speed. When this speed increases or
decreases by a certain amount, the lift of the sleeve of governor A is greater than the lift of
the sleeve of governor B. It is then said that the governor is more sensitive than the
governor B.

In general, the greater the lift of the sleeve corresponding to a given fractional change in
speed, the greater is the sensitiveness of the governor.

It may also be stated in another way that for a given lift of the sleeve, the sensitiveness of
the governor increases as the speed range decreases.

This definition of sensitiveness may be quite satisfactory when the governor is considered
as an independent mechanism. But when the governor is fitted to an engine, the practica
requirement is ssimply that the change of equilibrium speed from the full load to the no
load, position of the sleeve should be as small a fraction as possible of the mean
equilibrium speed.




The actual displacement of the sleeve is immaterial, provided that

It is sufficient to change the energy supplied to the engine by the
required amount.

For this reason, the sensitiveness is defined as the ratio of the
difference between the maximum and minimum equilibrium
speeds to the mean equilibrium speed.

Let N, = mini. Equilibrium

N, = max. Equilibrium
\ Mean Equilibrium

Sensitiveness of governor = (N, - N;) / N

Where N = (N, + N,) / 2
Stability
A governor is said to be stable when for every speed with in the

working range there is a definite configuration i.e. there is only one
radius of rotation of the fly balls.




Isochronous Governor

a governor is said to be Isochronous when equilibrium
speed with in the working range is constant for all radii
of rotation of the fly balls by neglecting friction.

Hunting

a governor is said to be hunt if speed of the engine
fluctuates continuously above and below mean speed.

This is caused by too sanative governor which changes
the fuel supply by large amount when a small changes
in speed of rotation.




Effort of a governor

It is @ mean force extended at the sleeve for given
percentage change of speed

Power of a governor

It is the work done at sleeve for given percentage
change of speed

= mean effort X distance moved by sleeve
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Stable governor:
As 'r'increase ‘angle ' must
Increase.

¢ is independent
of radius

Controlling force (F)
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Radius of rotation

Isochronous governor:
‘angle’ is constant and is
iIndependent of radius
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Unstable governor:
As 'r' increases ‘angle ' will decrease




Radius of rotation (r)

Controlling force diagram
for spring loaded governors




(A) Stable governor :
For stable governor as radius of rotation increase the controlling force must
Increase. Means as F/r increases - must increase. Therefore controlling force curve
DE must intersect the controlling force axis below origin. The equation of curve DE
becomesFc = Ar-B

(B)Isochronous governor :

It b = 0 controlling force curve OC passes through origin. Hence Fc / r will remain
constant for radius of rotation. Thus governor becomes isochronous. Equation of line
OCisFc = Ar

(C) Unstable governor :

If B is positive, then Fc / r decrease as r increases. It means that as the radius
increases controlling force decreases. Thus governor becomes unstable
Equation of ineABisF = Ar+B




