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Abstract: -

The design and fabrication of this motorized screw jack was carried out using locally available materials. The machine
comprises of a jack, Electric motor, gear, shaft, 12V battery that drives the electric motor. The fabrication was carried
out, using electric arc welding machine for major joinery while other fastening devices such as bolts and nuts were applied
in the finishing stages. During the test runs, the jack performed very satisfactorily for loads varying from 2 tonnes to 5
tonnes. It will therefore serve effectively for lifting of workshop equipment and cars within its range of capacity.
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INTRODUCTION

Power screws are used to convert rotary motion into translatory motion. A screw jack is an example of a power screw in
which a small force applied in a horizontal plane is used to raise or lower a large load. The principle on which it works is
similar to that of an inclined plane.

The mechanical advantage of a screw jack is the ratio of the load applied to the effort applied. The screw jack is operated
by turning a lead screw. The height of the jack is adjusted by turning a lead screw and this adjustment can be done either
manually or by integrating an electric motor. By integrating an electric motor with the screw jack, the mechanical
advantage of a hand driven jack can be increased. So in lesser time, much work can be done, and at the same time with
less effort, thereby increasing the productivity of such workshop operation.

The lead screw can be short, tall, fat or thin depending on the amount of pressure they will be under and space that they
need to fit into. It is made of various types of metals but the screw itself is made of lead. A large amount of heat is
generated in it and long lifts can cause serious overheating. To retain the efficiency, it must be used under ambient
temperatures, otherwise lubricants must be applied. These are oil lubricants intended to enhance the equipment’s
capabilities. Apart from proper maintenance, to optimize the capability and usefulness of lead screw it is imperative to
employ it according to its design and construction. Also in this system is a regulator or controller for creating variable
speed while lifting or lowering, an electric motor which converts the electrical energy to mechanical energy with the aid
of electromagnetic.

The need for automating the screw jack and incorporating the DC motor has been an existing problem yet to be solved. It
has been an outstanding issue in automotive maintenance on how (a) to reduce human effort in load carriage, and (b) to
increase the efficiency/productivity of the screw jack applicable in automotive workshops.

Materials and Method.
Shaft, jack, D.C Motor, Battery, Gear, Angular iron, Flat plate, Wires for connection, Bolts and nuts. These materials are
locally available.

Torque Required to Raise Load by Square Threaded Screws

The torque required to raise a load by means of square threaded screw was determined by considering a screw jack as
shown in Fig. 1. The load to be raised or lowered is placed on the head of the square threaded rod which is rotated by the
application of an effort at the end of lever for lifting or lowering the rod.
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FIG.1. Screw Jack

A little consideration will show that if one complete turn of a screw thread be imagined to be unwound, from the body
of the screw and develop, it will form an inclined plane as shown in Fig.3.7.
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Fig. 2. Inclined planes.
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P = Effort applied at the circumference of the screw to lift the load,
W = Load to be lifted, and
u=Coefficient of friction, between the screw and nut
= tan ¢, where ¢is the friction angle.
From the geometry of the Fig. 3.7we find that
tan o= p/nd

since the principle, on which a screw jack works is similar to that of an inclined plane, therefore the force applied on the
circumference of a screw jack isconsidered to be horizontal. Since the load is being lifted, therefore the force of friction
(F = p.Rn) will act downwards. All the forces acting on the body are shown asresolving the force along the plane,

peoso=wsino TF=Wsmoa—-pw R g
and resolving the forces perpendicular to the plane,

Ry=Psina+ Wcos a

Substituting this value of RN in equation (i), we have
Pcosa=Wsin o+ p(Psinao+ pw cos a)........ (i1)

or Pcosa-puPsina=wsino+Psino=Wsina+ uw cos a

orP(coso-psina)=w(sino+pcos a)

P =wx (sin @+ ucos a)

(cos a—usin a)

Substituting the value of p = tan ¢ in the above equation, we get

sina+ ucosa
P=wx—
COoSs a—usin o

Multiplying the numerator and denominator by cos ¢, we have
sin & +tan gcos &

p= Wi cos g—tan ¢gsin a
_ sin(e+4) _
WX T T wtan(a + ¢)

.. Torque required to overcome friction between the screw and nut.
T, = p)('?_E = wtan(a + ¢)% ................. (iii)

Torque required to lower load by square threaded screws
A little consideration will show that when the load is being lowered, the force of friction (F = u. Rwn) will act upwards.
The efficiency will be maximum when sin(2 « +6) is maximum, i.e. when

sin(Qou+0)=1 or2oc+0=900................... (iv)
2 o= 90°— @ or = 45°— @/2

Substituting the value of 2 «, we have maximum efficiency,
_sin(90° =@+ @) —sin@ sin90° —sin@ 1-sing@
Tmax = sin(90° — @ + @) — sin@ ~ sin90° +sin@® 1 +sin®

According to Khumin and Gupta (2004), in machine design W 8000kg tan =F1ld

Pi=3mm
d =15mm
N = 3000 rpm
u=01=tand
P 3 1 02
Tane=—= — = I —
nd wml3 3 n
Tanex = 0.064
o= 3,662

Speed of the motor (N) = 300 rpm
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- Power
Torgue = —————
Angularspeed

2aN 2w x 300
Angularspeed, w = =—

60 &0
10m = 31.42rad /S
. _lse2
D.qi?—m— e

So, the maximum toque of the motor can deliver is 47.5 Nm.
Design requirement for lifting a load of 8 tonnes for the jack proposed toggle jack to be used. Pitch, p = 3mm.
Mean Diameter = 15mm

Coef ficientof friction, u=01=tand

8 =tan~*0.1 =35.71

o , P 3 0.2
Helixangletan €= — = —— = — = 0,064
mad T w

tanx=0.064, «=3.662

Torque required to overcome friction between screw and nut
T, = wtan(x« +6) d/z ......... (v) = 8000tan(5.711 + 3.662) x %

T =9.90345 = 10Nm
Since the torque required to lift 8 tonnes of load is 10Nm, therefore the torque produced by the motor, which is 47.5, is
sufficient to lift the load.

Result and Discussion

After a successful design and fabrication, the jack was tested in the following area; the polarity of the motor, and it
effectiveness in lifting load.

There was zero tail pipe emission

The powering of the jack was solely on the battery

The human effort and stress needed to lift a load with a Manuel jack was reduced.

Conclusion

The use of direct current technology for the jack helps to reduce human effort and also much works was achieved in
shorter period of time. The simplicity in the design of the jack enables better access to the components, making it easy
for maintenance.
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