Unit 60: Dynamics of Machines

Unit code: H/601/1411 QCF Level:4 Credit value:15

OUTCOME 1 - MECHANICAL POWER TRANSMISSION SYSTEMS

TUTORIAL 2 SCREW DRIVES

1. Be able to determine the kinetic and dynamic parameters of mechanical power
transmission system elements

Gears: gear geometry; velocity ratios of simple, compound and epicyclic gear trains;
acceleration of geared systems

Screw drives: motion on an inclined plane; efficiency of square-threaded lead screws and
screw jacks

Flywheels: turning moment diagrams for reciprocating engines and presses; determination of
required flywheel moment of inertia to satisfy specified operating conditions

Universal couplings: Hooke’s joint; constant velocity joint; conditions for a constant velocity
ratio

On completion of this short tutorial you should be able to do the following.
e Calculate the force needed to slide a load up or down an inclined plane.
e Describe a lead screw and Screw Jack.
e Calculate the effort and torque needed to raise and lower a load.

e Calculate the efficiency of a screw jack.

It is assumed that the student is already familiar with the following concepts.
e Coefficient of Friction.

e Resolution of forces.

e Lifting machines — force and velocity ratio

All these above may be found in the pre-requisite tutorials.
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1. INTRODUCTION

The principle of a screw thread has been around for a long time. The friction between the mating
threads is normally very large and it is unlikely that a nut would ever unscrew itself under the action
of any axial force. To understand this we relate the problem to a block sliding on an inclined plane
since a screw thread is in essence a spiral inclined plane. In this tutorial we are examining square
screw threads such as used in lead screws and jacks.

2. ERICTION ON INCLINED PLANES

The inclusion of inclined planes in the syllabus makes this outcome rather large. It is doubtful that
it is intended that all the following should be included but it is meaningless to study inclined planes
without going into friction and this does not appear in the syllabus so it must be assumed that it has
been already studied.

You should already know that the coefficient of friction is defined as p = F/R where F is the force
parallel to the surface and R is the force normal to the surface.

Consider a block on an inclined plane at angle ¢
to the horizontal. The weight acts vertically
downwards. This must be resolved into two
components parallel and perpendicular to the
plane.

Resolving R =W cos a and F; = W sin a

If no other force is involved then the block will
slide down the plane if F; is greater than the
friction force.

Friction

Figure 1
In this case F; > uR or F; > pu Wcos o

The block will just slide when F; = uWcos a so it follows that p = Wsin o/ Wcos o = Tan a and this
is a way of finding p and is called the friction angle.

WORKED EXAMPLE No.1

A block rests on a plane and the angle is increased until it just slides. This angle is 13°.
Determine the coefficient of friction.

SOLUTION

p=Tan a = Tan 13°=0.231
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SLIDING UP THE PLANE
Now consider the case of a block sliding under the action of a horizontal force such that the block

slides up the plane. We must resolve the weight and the force parallel and perpendicular to the
plane as shown.

Friction

Figure 2
The total force acting parallel to the plane is F; — F, and the total reactionisR =R; + R,

The block will just slide up the plane if F; —F, =p (R; + R))

WORKED EXAMPLE No. 2

A Dblock rests on a plane at 12° to the horizontal. The weight is 80 N and the coefficient of
friction is 0.4. Calculate the force that will just make it slide up the plane.

SOLUTION

R,= Fsin 12° R,=W cos 12°

F,= Fcos 12° F, = W sin 12°

R =(R; +Ry) =Fsin 12° + W cos 12°

F=F, —F,= Fcos12°-Wsin 12°

n=TF/R = (F cos 12° — W sin 12°)/( F sin 12° + W cos 12°)
0.4 = (0.978F — 16.63)/( 0.2079F + 78.25)

4793=0.895F F=5356N
It can be shown that the following formula also works for this problem.

F/W = tan (p + a) where f is the friction angle (found from p = tan ) and a is the angle of
the plane. In the worked example we would have used:

B =tan™(0.4) = 21.8°

F=Wtan (B +a) =80 tan(21.8+12)=53.56 N
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SLIDING DOWN THE PLANE

Flifriuw

Figure 3
In this case the force acts to make the body slide down the plane.
The total force acting parallel to the plane is F; + F, and the total reaction isR = R,- R;

The block will just slide up the plane if F1 +F,=p (R, -Ry)

WORKED EXAMPLE No. 3

A Dblock rests on a plane at 12° to the horizontal. The weight is 80 N and the coefficient of
friction is 0.4. Calculate the force that will just make it slide down the plane.

SOLUTION

R;= Fsin 12° R,=W cos 12°

F,= Fcos 12° F,= W sin 12°

R=(R,-R;y) =Wcos12°-Fsin 12°

F=F, +F,= Fcos12°+ W sin 12°

iw=F/R = (F cos 12° + W sin 12°)/ (W cos 12° - F sin 12°)
0.4 = (0.978F + 16.63)/( 78.25 - 0.2079F)
31.3-0.08316F =0.978F + 16.63

14.67 = 1.061F

F=13.82N

F/W = tan (B - @) where [ is the friction angle (found from p = tan ) and a is the angle of the
plane. In the worked example we would have used:

B =tan™(0.4) = 21.8°

F=Wtan (B-a) =80tan(21.8-12)=13.82 N
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3. APPLICATION TO SCREW THREAD

The motion of two mating threads is the same as the previous
problem. The vertical load is the thrust acting axially on the nut
(e.g. the load on a screw jack). The angle of the plane is given by:
tan o = pitch/circumference = p/nD

3.1 LEAD SCREW

Lead Screw usually has a square thread. They are used to convert
rotational motion into linear motion. The thread is rotated and the
saddle moves in guides. This is used on many machines from lathes
to linear electric actuators. The diagram shows a typical
arrangement. The saddle carries a load and is moved up or down by
rotation of the lead screw.

Figure 4

‘N Frame

Lead Screw

Saddle

Lead Screw

| Frame

WORKED EXAMPLE No.3

A lead screw has square threads with a pitch of 3 mm and a mean diameter of 12 mm. The

coefficient of friction is 0.2. Calculate the torque needed to turn it when the load is 4 kN.

SOLUTION

The pitch is 3 mm and the circumference is 127@ so the angle of the plane is

o= tan'1(3/127t) =4.55°

The friction angle is p = tan™ 0.2 = 11.31° The axial force is the force equivalent to the weight
W. The torque T is the product of the force F and radius at which it acts which is the radius of

the thread (6 mm).
F =W tan (P + o) = 4000 tan(15.86°) = 1136 N

T =F xradius =1136 x 0.006 = 6.8 Nm
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3.2 SCREW JACKS

Screw jacks work on the principle that the thread is rotated and screws or unscrews from the base to

lift or lower the load.

One complete revolution of the screw raises the load by the pitch of the thread p.
The distance moved by the effort Xg = 2nR where R is the radius at which the effort is applied.

The distance moved by the load X = pitch =p

The Velocity Ratio (Force Ratio) is  V.R. = Xg/X_ =2nR/p

From the previous theory the force required at the thread is F = F_ tan (p + a) depending whether

the load is being raised or lowered.
The Load is F_

A torque of FD/2 is required to turn the screw where
D is the thread diameter.

If a handle is used as shown with radius R then the
effort is Fe = FD/2R

The Force Ratiois F.R. = F_/ F¢
F.R.=2RF_/D{F_tan (B+ o)}

B 2RF, 3 2R

" DF.tan(B+a) Dtan(B+a)
The efficiency is :
n = Work done by Load/Work Done by Effort
n=FR./V.R

_ 2Rp _ p
" Dtan(B+a)2nR  wDtan(f=+ o)
When the load is being lifted n=——F—
nDtan(B+ o)

Torque

Figure 5

[E/XL: 2;

WORKED EXAMPLE No. 3

A screw jack has a thread with a pitch of 5 mm and diameter 25 mm. The coefficient of friction
is 0.25. Calculate the efficiency when a load is raised. Go on to calculate the effort needed to

raise 6 kN with a handle 500 mm long.

SOLUTION

o =tan” (p/mD) = tan™ (5/25m) = 3.64° B= tan™ p= tan™® 0.25 = 14°

P > 02 1=20%

N Dtan(B+a) 7 x 25tan(17.64)
Xg = 27 X 500 = 1000t mm XL =5mm

F_ = 6000N Work done on load = 6000 x 5 mm = 30000 N mm
Work done by effort = 30000/m = 30000/0.2 = 150 000 N mm = Fg Xg

Fe = 150 000/1000% = 47.7 N
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SELF ASSESSMENT EXERCISE No. 1

1. Calculate the horizontal force required to make a block weighing 60 N slide up a ramp inclined
at 20° to the ground given pu= 0.2 (Answer 36.4 N)

2. The pitch of a thread on a screw jack is 6.38 mm and the mean diameter is 30 mm. Calculate
the torque needed to raise a load 500 N. The coefficient of friction is 0. 51 (Answer 4.5 Nm)

3. A block weighing 600 N rests on an inclined plane at 12° to the horizontal. The coefficient of
friction is 0.41. Show that the formula to slide the box down the plane is F = W tan (p - a).
Calculate the horizontal force required to slide it DOWN the plane. (Answer 109 N)

4. A turnbuckle is used to adjust the tension in a wire to 600 N. Each end has a single start square
thread with a mean diameter of 10 mm and pitch of 2 mm. The coefficient of friction is 0.2.
(Answer 1.6 Nm)

5. A screw Jack must raise a load of 500 kg. The thread has a pitch of 10 mm and a diameter of 50
mm. The coefficient of friction is 0.15. The effort is applied through a lever of radius 400 mm.
Calculate the efficiency and the effort required to both raise the load and lower it.

(29.5% and 66 N raising and 74.4% and 26.2 N lowering)

6. Calculate the coefficient of friction that just produces a zero effort in the last problem (i.e. the
jack will screw down under the load with no effort) (0.063)

7. A lead screw and saddle arrangement is used to lift a load of 200 kg. The square thread has a
pitch of 8 mm and a diameter of 30 mm. The coefficient of friction is 0.2. Calculate the torque
needed to rotate the screw on raising and lowering.

(8.53 and 3.31 Nm)

8. Calculate the coefficient of friction that just produces a zero torque in the last problem (i.e. the
load lowers on its own) (0.085)
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