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18.3. Cenlrlfugal Governors

Th Pt ——— : alls
by an ‘*‘quftlcz::::-I:-.l[],?:ﬁ:,:v:ﬂ;".uIH are h.'l.'s_ml on the balancing of centrifugal force on Ibciﬁiti%%‘
ZqUAl Tass, WRICH are aiachod i 1ocno v W ihe conirolling force L CUNSSS SSEs"Crmr
“Balls ot J1y balls. The b Il'l the armg s shown in Fig, I}L I, These h:sll*«_nu.} !l“'ih bevel e ,
““The upper ends of W R ve with a -‘ilﬂlllnc,.whll..'ll i8 driven by the engine (hrOUES ’l'yLl;;luwn. e
“they revolve about the vcnicl-:?- I‘."f""""l to the spindle, so that the h;_ﬂls may rl_ht.-'; !!I:'._L’Ltﬁ > “-k-;ﬁd
“fo the SPindle. Thi- hk‘c\-lc n.:v -;‘(l\ Tl_w arms are connected by the links 10 a sIchf,ﬁvf h-g:““ L;{m] 22
SleeVe nises When Thespimme saear e, spindle § but can slide up and GOWD. mempmreperny
“the travel of the Slccve\iﬂ UI€ Speed increases, and falls when the speed decreases. In ur:1 R
“The sleeve is connccted ‘;p"’"i"'d and downward directions, two stops 5,5 are pnwl_dcd on | fbp ﬂuui
~decreases when the slee Y a bell crank lever t6 a throttle valve. The supply of the Working
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Fig. 18.1. Centrifugal governor.

When the load on the engine increases, the engine and the governor speed decreases. This
resultsin the decrease of centrifugal force on the bals. Hence the balls move inwards and the sleeve

— e ——

moves downwards. The downward movemment of the sleeve operates a throttle valve at the other end
~oF the bell crank Iever o increase the supply of working fluid and thus the engine speed s increased. ™
STHUNIS 228, M Exlia power ouipuL is provided to balance e WCTEASET TOAT. WHerr HHE TORK o e~

engine decreases, the engine and the governor speed mcreases which results m_the_increase of
~cemtrifisgal force o the balls. THuS the Balls Move oulswards and the SIESVE rises upwards. This upward

movement of the sleeve reduces the supply of the working fluid and hence the speed is decreased. T~

T g

s case, the power output is reduced.

_"-W'hén the balls rotate at uniform speed, controlling force is equal to the centrifugal force and they balance
each other. :

18.4. Terms Used in Governors , ; . .
The following terms used in governors atc ImpOTAAL IR 1o sublect point of view
ideioht of a governor. 1Lis the vertical distance from the centre of the ball 1o a point where
the axes of the arms (or amms pﬁuced} intersm.:t on the sp:ndle axis. It is Prsually denoted by h_)]'
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\/18.5 Watt Gov

The simplest form of a cenu::ﬁ:gal ‘governor
basically a conical pe.ndulmn with. lmks
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Taking moments about point 0, we have
Foxh m wxp m mg.r

& m.o*rh = mar of h = gl W
When g is expressed in m/s? and o in riad/s, then A is in metres. If N is the speed inr.pam.,

W = 2n N6

Rt 895
fl o ——— = . 3 e
(2 ® NI6OY A metres (0 g = 981 mis) (i)

Note : We see from the above expression that the hel i8 | ’

. _ ghtof a governor h, is inversely proportional to N°. Therefore
at high ."p"t“i"* the value of A is small. At such speeds the change in the value of h corresponding to a small
change in speed is '“Wrﬁ‘-‘lqul 10 enable a governor of this type to operate the mechanism o give the necessary
change in the fuel supply. This governor may only work satisfactorily at relatively low speeds i.e. from 60 1o 80

r.p.m.

W 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, =61rpm.
Initial height
We know that initial height,

895 895
= —] = 0.243 m
i (N)?  (60)*

Change in vertical height
We know that final height,

_ 895 _ 895 _o524m
=) T @7 e

. Change in vertical height
= h —h, = 0248-024 = 0008 m = 8 mm Anms.

\// : Al SR Vi
18.6. Porter Governor \C- _ o | G i AT

3 The Porter govemor is a
sleeve as shown in Fig. 18.3 (a). The
downward force increases the speed
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1, = Force in the Arm in newtons,

I, = Force in the link in PEWLOns, 1
: link) to the 'y

@ - Angle of inclination of e rm (0F UPPET ok 40 the vertical, img

[« Angle of inclination of the link (oF JOWES Vertical.

(@) Fig.183 Portecgovencs.
Though there are several ways of determining the relation between the

(h) and the angular speed of the balls (@), yet the following two mE

subject point of view : ;
I. Method of resolution of forces ; and 2. Instantancous centre method.

1. Method of resolution of forces LR T

Considering the cquilibrium of the forces mu&wmj L
W _Mg T il ¢

e

o
F
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635
T 2 Ml
,sma+-—iﬁ Xunp = p,

T - M,
| 8in FL.--.‘;R-Klanﬂ 48

Dividing equation (#1) by equation (i),

T, sin a0 Fc"yfaxmﬂ
Ticosa My
2

+m.g
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m.g+(MJ(1 +q)
; 895

2
N? = - = (v
4 m.g+{M.g'.tF)x395 ...(Wheng=1) “ . (i
m.g h

The + sign is used when the sleeve moves upwards or the governor speed increases and negatiye sign
used when the sleeve moves downwards or the governor speed dﬂ‘-"l'm“ 18 i
3. On comparing the equation (vi) with equation (ii) of Watt's governor (Art. 18.5), we find thy the mag,

. \ . m+M
of the central load (M) increases the height of governor in the ratio L

Wxsmnmnmus centre method

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

F.xBM = wx!M+%vxID

=m.gfo+%‘ix}'D Fec

IM Mg ID
“amt 2 M

. IM Mg /(IM+MD I
e 05 7 & 2[ BM J

2
M +M@[IM MD) Fig. 18.4. Instantancous centre

Fo=mg

TSRt o et method.

= Mg M MD _
m.g.lan o + 5 (lana.HanB}...(. BA = @0 @ and BH-lanﬁ]

Dividing throughout by tan ot ,

Fe M
o€ Mg( ) tanB ) _ Mg o
ma—m.g+ N [l+muJ—m.3+ ) (l+q} .q:a&
We know that F. = m.o’r and tanu_-.-;-;
m.m".rx% = mg +%£(1+q)
M
’ m.g+—2—‘g-(l+q} 1 m+%(1+q} ?
Eare X— =
or o ml ____;1_‘___)(‘0?
. .. (Same as before)
When tana = wanf or g = 1, then
h=m+Hx_g_

m @
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Ple 18.2. A Porter governor has equal arms each ZSOMm ?::::m is 25 kg. The
aftﬁmm @ mass of 5 kg and the mass of the central and 200 mmwhen the governor
radius of rotation of the ball is 150 mm when the governor begins to lift and 2
is at maximum speed.

i the governor.
Find the minimum and maximum speeds and range of Wﬁl‘;fo o
s"'“““"-ﬁi\'eﬂiBP=BD-250mm-U.25m;m-S'ks;H-1535*’1 AR
= ZUOmm =0.2m

-I-. '\1.

0™ Wil bl T LMD

bt vy 1) 6 SR W
iﬁf}“irﬂ e il °
7= SR R PR

= ':‘J:_T;:lﬂnl‘f-;" -nﬂi*
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T W FELST N -

Mg+ F
mg 4 ) (v qy
] - RS
lN;} -
m.y h,
SxUR1 424"
:""JH||[| ] ]1]'“"”‘)
; B9S_ _ 49236

=
2 %0 K1 0.1532

N, = 222 t.p.m
We know that range of speed
N,~N, = 222~ 1833 = 38 T rpm. Ans.

) . hed
\ tki’_‘l’_'im-s_— A Porter governor has all four arms 250 mm long. The upper “"';" -e ‘;:Lﬂ; P
on the axis of rotation and the lower arms are attached 1o the sleeve at a distance of 30 mm

axis. The mass of each ball is 5 kg and the sleeve has a mass of 50 kg. The extreme radii of rotation
are 150 mm and 200 mm. Determine the range of speed of the governor.
Solution. Given : BP = BD = 250 mm ; DH =30 mm ; m=5kg ;M = 50k
r, = 200 mm
First of all, let us find the minimum and maximum speed
maximum position of the governor is shown in Fig. 18.8 (a) and (b) respec

g r,=150mm;

of the governor. The minimum and
uvely.

Mg ¢ | 1
2
(a) Minimum position. . (b) Maximum position.
Fig. 188
Let N, = Minimum speed when r, = BG = 150 mm ; and

N, = Maximum speed when r, = BG = 200 mm.
From Fig. 18.8 (a), we find that height of the governor, e
b, = PG = N(BPY —(BGP = @50y ~(150f =200mm =02m
BF = BG-FG = 150-30 = 120 mm v+« (G = DH)
and DF = (DB} - (BF = V(@50)' - (120 = 219 mm
@ana, = BGIPG = 150/200 = 075
and wn B, = BFIDF = 120/219 = 0548
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Dot ot —1_

1
mﬂ s ﬂ;_&! - 0.73
¢ * Gno 0.75

5+§2ﬂ{1 LT3 Lo
Mvq) *02 =4
m+ = (1+4 ﬂ)_j_ - -"'"'T___ 02 i

We know that {N|)'1 "

Nl B 208 f.prm

Wl -

: het tof the go . : ’ £

i fmict;m | :;l;’h-wa)z = @50 - (200" =150 mm <,
hj = =

BF = BG~FG = 200-30 = 170 mm .. "

and oF = NDBY - (BFF = \[("zsq)’—t;ﬂﬂ)’ - lsan@ P
tan &, = BG/PG = 200/ 150 = .1.;3331.- i .-,,L.':- _‘ |

wnd n B, = BFIDF = 170/183 = 093 gl
tanf, o 093 Ly guatia o) it e 2 e .m o

<t anca, 1333 =t enoda @ atoving sdi 18 Brdiieeg

St8
m+y (+a) gos S+ 0
i = =
We know that  (N,) = X hy 7

[

E 4
N, = 238rp.m &1
We know that range of speed VIR ...
= N,-N, = 238-208 = 30rpm. Anms.

ST 4
\%xample 18.6. The arms of a Porter governor are 300 m
on the axis of rotation. The lower arms are attached to a sleeve.
of rotation. The mass of the load on the sleeve is 70 kg and the
the equilibrium speed when the radius of rotation of the balls
10 a load of 20 N at the sleeve, what will be the range of s

Solution. Given : BP = BD =300 mm ; DH = 40 mn
=200 mm
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and DF = N(DB)* - (BF)® = \(300)? - (160)> = 254 mm 'P
an = BGIPG = 200/224 = 0.893 “'—,[_
and tan} = BFIDF = 160/254 = 0.63 J'
_nf 063 _ £ |
7= ana = 093 = 070 G
We know that
m+ 2 (1+4q) m9
T 895
2 m h _-l-}'I
40 w—
=10+—(1+0705)x895 27840 Mg ¢ ‘
10 0.224 :
All dimensions in mm
N = 167rp.m. Ans. Fig. 189
Range of speed when friction is equivalent to load of 20 N at the sleeve ( L.e. when F = 20 N)
Let N, = Minimum equilibrium speed, and |
N, = Maximum equilibrium speed. g

We know that when the sleeve moves downwards, the frictional force (F) acts upwards and
the minimum equilibrium speed is given by q i

(M.g = F] {l ) LT Xz
+
mg+ 2 q 895 |

(N])z = m‘g x k i
70 x 9.81-20
10 x9.81 + 2 (1+0705)
it 10x9.81 ™
e N, = 1648 rpm. _ o8 _'-
We also know that when the sleeve moves npwuds, ﬁem
andthcmaxmlmnequﬂmnmnspsedlsgivmby RUEE " ! ;-;:
+F L ) ¥ { i ;_' 'l"l"l':.'.

(N‘l) = TG G B o
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654
mmmmmﬂmm
beultllf:?:t‘: :e;::sw the radius ofmumchmmﬁl

Consider the forces acting at one
shown in Fig. 18.19, Let i be the compressi

i“llﬂl“z

(a) Minimum position.
Fig. 18.19

For the minimum position i.e. when the
Fig. 18.19 (a), thecumpressmoflhesumgonhe

h, a, r=4%

y X x |
Smﬂarly,fmmemmmmm Js of 1 |
shown in Fig. 18.19 (), the mymoﬂhemhuum’ttf_. |

_—— =
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Subtracting equation (iv) from equation v),

2
52-8 = ;;(Fm"‘v‘z*"‘@"“:)‘ylﬂ"ﬁ XXy = m.g % &)
1
We know that

5,=8, = hs, and h = (rg-n)i
P 5= 5, & Sy= 8, X
h Fa=—Ty 1Y

Neglecting the obliquity effect of the arms (i.e, x, = 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+S‘ X
—E—IXy=mex or Mg+S§, = 2F X7 L O

Y
Similarly for maximum position, gy
Mg+S§ x (i)
.%xy=fu‘mxx or M.g.;.sz.—_-ZFmX- (

Subtracting equation (vi) from equation (vii),
$,-8 =2(Fq- Fczﬁ}

!f' ] . RLLIL0 1
L ok 4o saie
Ii':a.'h Rel ¥ i ‘k :
| v
. 1—" . %

2 - " - QI
$,-5, = hs, and h= (&“"’JE‘T o

+
b+

¥

i
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