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Example 18.1. Calculate the vertical height of a Watt governor when it rotates at 60 r.p.m.
Also find the change in vertical height when its speed increases to 61 r.p.m.

Solution. Given : N, =60 r.p.m. ; N, = 61 r.p.m.
Initial height
We know that initial height,
895 895

By = = =0.248 m
(N))*  (60)°

Change in vertical height

We know that final height,
& E 8952 _ 8952 024 m
(N,)~ (61
Change 1n vertical height

= h,—h,= 0.248-0.24 = 0.008 m = 8 mm Ans.

18.6. Porter Governor

The Porter governor 1s a modification of a Watt’s governor, with central load attached to the
sleeve as shown 1n Fig. 18.3 (a). The load moves up and down the central spindle. This additional
downward force increases the speed of revolution required to enable the balls to rise to any pre-
determined level.

Consider the forces acting on one-half of the governor as shown in Fig. 18.3 (b).
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Fig. 18.3. Porter governor.

[et m = Mass of each ball in kg,
w = Weight of each ball in newtons = m.g,
M = Mass of the central load 1n kg,
W = Weight of the central load in newtons = M.g,

r = Radius of rotation in metres,
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h = Height of governor in metres ,
N = Speed of the balls in r.p.m .,

® = Angular speed of the balls in rad/s
=2t N/60 rad/s,
F. = Centrifugal force acting on the ball
in newtons = m. .7,
I', = Force in the arm in newtons,
T, = Force inthe link in newtons,
o = Angle of inclination of the arm (or |

upper link) to the vertical, and

L=
1

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 (/) and the
angular speed of the balls (®), yet the following two
methods are important from the subject point of view :

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

A big hydel generator. Governors are

1. Method of resolution of forces used to control the supply of working
fluid (water in hydel generators).

Considering the equilibrium of the forces acting

at D, we have lNote :This pictL_Jre IS give_n as additional
iInformation and is not a direct example of
W M. the current chapter.
T, cos p=— = ) ’
2 2
M.g
Tz — y
Of 2 cos B (D)

Again, considering the equilibrium of the forces acting on B. The point B 1s in equilibrium
under the action of the following forces, as shown in Fig. 18.3 (b).

() The weight of ball (w =m.g),
(1) The centrifugal force (F ),
(zi1) The tension in the arm (7,), and
(zv) The tension 1n the link (7).
Resolving the forces vertically,

M .
T, cosa=T,cos p+w= 2g+m.g ... ()
M.g
[ L cosp= » ]
Resolving the forces horizontally,
T,sino+ T, sin P = F_
M . [ i
1} sin O + 5 X sin B = F- | T = okl
2 cos B \ 2cos B
: M .
T, sin O + 2g><t:-,111|3=1'7C
M .
1} sin o = F qg X tan 3 (111)

Scanned with CamScanner



Chapter 18 : Governors © 659

Dividing equation (zz1) by equation (2),

M .g
Y]Sin(x_FC - X tan 3
T, cos o M-g_l_m_g
2
(M . b M.
or glm.g tan o0 = F- g><ta]:1[3
\ * ) 2
. I 2 :
M‘g+m.g= ¢ Mg tan)
2 tan O 2 tan o
L tan [3 r
Substituting = ¢,and tan o0 = —, we have
tan O h
M. h M.
Zg T .2 =m.0)2.r>< ] 2g X q (e Fc=m.ﬂ)2.r)
M .
or m.o*.h=m.g + 25’(1+q)
M
X - | 1+ g)
Y, 1 m 1+ ¢q
i 2 _1!*1»‘11.(02 nm 032
. (1v)
- 5 m+—1+qg)
M |
2 8 2 8
Or O =|\mg+—(1+ = X —
i g 2 ( Q)_ m.h m h
M
/ 2 m+—(l+q)
- 2TN ) < 8
L 60 m h
M M
N2=m| 2(1+Q)xg(60\2=m| 2(14’(}))(@
m h\27t/ m h
... (v)

... (Taking g = 9.81 m/s?)

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

tan o = tan [3 or g=tano/tan =1

Therefore, the equation (v) becomes

> _(m+M) 895

m h

N

... (v1)

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 (vi) may be written as

M.g + F
m.g+( g2 ](1+q) 805
N* = x 222 .. (vii)
m.g h

- m.g +(M.giF)x@
m.g h
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The + sign 1s used when the sleeve moves upwards or the governor speed increases and negative sign 1s
used when the sleeve moves downwards or the governor speed decreases.

3. On comparing the equation (vi) with equation (i) of Watt’s governor (Art. 18.5), we find that the
m+ M

mass of the central load (M) increases the height of governor in the ratio p-

2. Instantaneous centre method

In this method, equilibrium of the forces acting on
the link BD are considered. The instantaneous centre [ lies
at the point of intersection of PB produced and a line through P s =&
D perpendicular to the spindle axis, as shown in Fig. 18.4. QL
Taking moments about the point /,

44
Fc X BM =wX IM X 1D |

2
—y
M . '
; 1D Fot—43 .

IM M.g ID alp
Fro=m.gx — + X ——
BM 2 BM

Y w

IM M.g f1M+MD]
|

=m.gX IM +

— m.gx 1
BM 2 BM

\

IM M.¢g(IM MD

=m.g X | 5 =T Fig. 18.4. Instantaneous centre
BM \ EM BM J method.

M .
= m.gtan oL + 2g (tan o + tan [3)

IM MD
.| ——=tan o, and — =tan [
BM BM

Dividing throughout by tan o,

F, o 1 _ / \
C g+ M8 b M8, -l
tan O 2 tan o 2 tan O
\ ) \ y
We know that F . = m.0>.r, and tan(x:;:
h M.
MO .rX—=m.g- g(l-!—q)
r 2
M . M
m.g + Zg(1+q) | omr o (vg)
m ) m 0)

... (Same as before)
When tano=tanf3 or g =1, then

h:m+M

x =
n )
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and height of the governor,
h=BG/tana =164 /tan 45° =164 mm = 0.164 m

Let N, = Minimum speed of rotation, and
N, = Maximum speed of rotation.
We know that
(N1)2 _m.g+ (M.g — F) X@
m.g h
_ 1.15%x9.81 + (20 x 9.81 — 10) " 893 _ 95382
1.15%x9.81 0.164
N, =309 rp.m. Ans.
g+M.g+F) 895
and (N2)2=m8 (M . g )><—
m.g h
_ 1.15x9.81+ (20 X 9.81 + 10) o 895 _ 105 040
1.15x9.81 0.164

N,=324rp.m. Ans.
18.7. Proell Governor

The Proell governor has the balls fixed at B and C to the extension of the links DF and EG, as
shown 1n Fig. 18.12 (a). The arms FP and GQ are pivoted at P and Q respectively.

Consider the equilibrium of the forces on one-halt of the governor as shown in Fig. 18.12 (b).
The 1nstantaneous centre (/) 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.
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Fig. 18.12. Proell governor.

Taking moments about /, using the same notations as discussed 1n Art. 18.6 (Porter governor),

M.
FCXBMzwaM+%xID=m.gxIM+ ngm )
ro_ o IM  M.g (IM + MD®
c=m.g X+ — B ..( -+ ID=IM+MD)
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