Theory of Machine

Gyroscopic Couple and Precessional Motion

When a body moves along a curved path with a uniform linear velocity, a
force in the direction of centripetal acceleration (known as centripetal
force) has to be applied externally over the body, so that it moves along
the required curved path. This external force applied is known as active
force.

When a body, itself, is moving with uniform linear velocity along a
circular path, it is subjected to the centrifugal force radially outwards.
This centrifugal force is called reactive force. The action of the reactive
or centrifugal force is to tilt or move the body along radially outward
direction.

Centrifugal force is equal in magnitude to centripetal force but opposite
in direction.

The gyroscopes are installed in ships in order to minimize the rolling and
pitching effects of waves. They are also used in aeroplanes, monorail
cars, gyrocompasses etc.

Gyroscopic Couple

Consider a disc spinning with an angular velocity ( o rad/s ) about the
axis of spin OX, in anticlockwise direction when seen from the front.
Since the plane in which the disc is rotating is parallel to the plane YOZ,
therefore it is called plane of spinning. The plane XOZ is a horizontal
plane and the axis of spin rotates in a plane parallel to the horizontal
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plane about an axis QY. In other words, the axis of spin is said to be
rotating or processing about an axis QY. In other words, the axis of spin is
said to be rotating or processing about an axis OY (which is perpendicular
to both the axes OX and OZ) at an angular velocity ( wp rap/s). This
horizontal plane XOZ is called plane of precession and OY is the axis of
precession.

Let | = Mass moment of inertia of the disc about OX, and
o = Angular velocity of the disc.

Angular momentum of thedisc = 1. ®

T Plane of active

Plane \  gyro. couple
Ypmoemees e N
i .
I
I
2 W
xis of active |
/ gyro. coupl :Z Reactive gyro.
Axis }Z ----------------- > couple
of , Plane of 7 X'
¥y X' precession.” 4

precession e s - -
Py = Iy - o '
Ol= 60 [, \'I :-”ﬂ - %ﬁ
* '\l‘:i}é'\ X Direction o X

% Axis of spin Active gyro, couple

» Axis of reactive -~ of
Z gyro, couple Disc viewing
(a) (b)
Gyroscopic couple.
- Change 1n angular momentum
= 9_1_} - (;T_]" = x;_'; = g_;aEI {1.151 the direction of ‘CF}
=1 .08
and rate of change of angular momentum
o6
=] ox—
dt

Since the rate of change of angular momentum will result by the application of a couple to the
disc, therefore the couple applied to the disc causing precession,

o0 a8 48
C=Lt Jox—=T.wox—=1.m g
B0 5t dt e [ dt mp]
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Theory of Machine — S&EFr7Ion:

Where wp = Angular velocity of precession of the axis of spin or the
speed of rotation of the axis of spin about the axis of precession OY. The
units of Cis N-mwhen 1 is in kg-m?.

Example 1: A uniform disc of diameter 300 mm and of mass 5 kg is
mounted on one end of an arm of length 600 mm. The other end of the
arm is free to rotate in a universal bearing. If the disc rotates about the
arm with a speed of 300 r.p.m. clockwise, looking from the front, with
what speed will it precess about the vertical axis?

Solution:

We know that the mass moment of inertia of the disc, about an axis
through its center of gravity and perpendicular to the plane of disc,

I = m.r2=>5(0.15)%2 =0.056 kg-m?
and couple due to mass of disc,
C=mgl=5%981x06=2943 N-m
Let wp = Speed of precession.
We know that couple (C),
2943 = [o.wp =0.056 ¥ 3142 x wp=1.76 p
wp = 29.43/1.76 = 16.7 rad/s

Example 2: A uniform disc of 150 mm diameter has a mass of 5 kg. It
iIs mounted centrally in bearings which maintain its axle in a horizontal
plane. The disc spins about it axle with a constant speed of 1000 r.p.m.
while the axle precesses uniformly about the vertical at 60 r.p.m. The
directions of rotation are as shown in Figure. If the distance between the
bearings is 100 mm, find the resultant reaction at each bearing due to the
mass and gyroscopic effects.

i ¥
Solution: . 7
A" -~
I =mr¥2=5(0.075)2=0.014 kg m’ ﬁ_ge_QL_k___ﬁ_ X‘j
.. Gyroscopic couple acting on the disc, Z B Z
C=1Iw (op=0.014 x104.7x6.284=9.2N-m —lr

The direction of the reactive gyroscopic couple is shown in Figure. Let F
be the force at each bearing due to the gyroscopic couple.

F=Ck=92/01=92N

GUNASEKARAN S | AP MECH | THEORY OF MACHINES |SNS INSTITUTIONS



Theory of Machine

The force F will act in opposite directions at the bearings as shown in
Figure. Now let Ry and Rg be the reaction at the bearing A and B
respectively due to the weight of the disc. Since the disc is mounted
centrally in bearings, therefore,

Ry =Rp=5/2=25kg=25%x981=245N

Axis of precession
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Let R, and Ry, = Resultant reaction at the bearings 4 and B respectively.

Since the reactive gyroscopic couple acts in clockwise direction when seen from the front,
therefore its effect 1s to increase the reaction on the left hand side bearing (i.e. 4) and to decrease the
reaction on the right hand side bearing (i.e. B).

R, =F+R,=92+245=1165N (upwards) Ans.
and Ry =F—Ry=92-245=67.5 N (downwards) Ans.

Effect of the Gyroscopic Couple on an Aeroplane

Let engine or propeller rotates in the clockwise direction when seen from
the rear or tail end and the aeroplane takes a turn to the left.
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Theory of Machine

Let ® = Angular velocity of the engine in rad/s,
m = Mass of the engine and the propeller in kg,
k = Its radius of gyration in metres,
I =Mass moment of inertia of the engine and the propeller in kg-m?
=m.K,
v = Linear velocity of the aeroplane in m/s,
R = Radius of curvature in metres, and

®p = Angular velocity of precession = ‘E rad/s

.. Gyroscopic couple acting on the aeroplane,
C=lo.w

Example 3: An aeroplane makes a complete half circle of 50 metres
radius, towards left, when flying at 200 km per hr. The rotary engine and
the propeller of the plane has a mass of 400 kg and a radius of gyration of
0.3 m. The engine rotates at 2400 r.p.m. clockwise when viewed from the
rear. Find the gyroscopic couple on the aircraft and state its effect on it.

Solution:

We know that mass moment of mertia of the engine and the propeller,
I=m. 2 =400(0.3) = 36 kg-m’
and angular velocity of precession,
wp =V/R=155.6/50=1.11rad/s
We know that gyroscopic couple acting on the aircraft,
C=L w wp=36%2514x111=10046 N-m
=10.046 kN-m Ans.

We have discussed in Art. 14 4 that when the aeroplane turns towards left, the effect of the

gyroscopic couple 1s to lift the nose upwards and tail downwards. Ans.
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