Chapter 4

Power Screws

4.1 Introduction

The power screws (also known as translation screws) are used to convert rotary motion into
translatory motion.

For example, in the case of the lead screw of lathe, the rotary motion is available but the tool
has to be advanced in the direction of the cut against the cutting resistance of the material.

In case of screw jack, a small force applied in the horizontal plane is used to raise or lower a
large load.

Power screws are also used in vices, testing machines, presses, etc.

In most of the power screws, the nut has axial motion against the resisting axial force while the
screw rotates in its bearings.

In some screws, the screw rotates and moves axially against the resisting force while the nut is
stationary and in others the nut rotates while the screw moves axially with no rotation.

4.2 Types of Screw Threads used for Power Screws

1. Square thread.
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(a) Square thread,
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A square thread, as shown in Fig.(a) is adapted for the transmission of power in either
direction.

This thread results in maximum efficiency and minimum radial or bursting pressure on the nut.
It is difficult to cut with taps and dies.

It is usually cut on a lathe with a single point tool and it can not be easily compensated for
wear. .

Strength of square threads is lowest of all the thread forms.
Engagement and disengagement is difficult
The square threads are employed in screw jacks, presses and clamping devices.

2. Acme or trapezoidal thread.
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(b) Acme thread.

An acme or trapezoidal thread, as shown in Fig. (b) is a modification of square thread.
The slight slope given to its sides which lowers the efficiency slightly than square thread



e The slope on threads also introduces some bursting pressure on the nut, but increases its area
in shear.

e Itis used where a split nut is required and where provision must be made to take up wear as in
the lead screw of a lathe.
e Wear may be taken up by means of an adjustable split nut.

e An acme thread may be cut by means of dies and hence it is more easily manufactured than
square thread.

e Angle between flanks is 29° for acme threads and 30° for trapezoidal treads.

3. Buttress thread.

f-—p—bl |<—0.12 P

h=0.75p
(¢) Buttress thread.

e A buttress thread, as shown in Fig. (c), is used when large forces act along the screw axis in
one direction only.

e This thread combines the higher efficiency of square thread and the ease of cutting and the
adaptability to a split nut of acme thread.

e Itis stronger than other threads because of greater thickness at the base of the thread.

e The buttress thread has limited use for power transmission.

e Itis employed as the thread for light jack screws and vices.

4.3 Torque Required to Raise Load by Square Threaded Screws
e The torgue required to raise a load by means of square threaded screw may be determined by
considering a screw jack as shown in following fig.
e 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 load.
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e Alittle consideration will show that if one complete turn of a screw thread be imagined to be
unwound, from the body of the screw and developed, it will form an inclined plane as shown in
following fig.
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Pitch of the screw,
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= Mean diameter of the screw,

= Helix angle,

Effort applied at the circumference of the screw to lift the load,
= Load to be lifted, and

= Coefficient of friction, between the screw and nut
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= tan ¢, where ¢ is the friction angle.

From the geometry of the above fig. we find that
tan o = p/nd

e 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 may be considered to be
horizontal as shown in above fig.

e Since the load is being lifted, therefore the force of friction (F = pRy) will act downwards. All the
forces acting on the body are shown in above Fig.

Resolving the forces along the plane,

Pcosoi= Wsina + F = Wsmoc+pRN o)
and resolving the forces perpendicular to the plane,
Ry=Psmmo+ Weceos a (i)

Substituting this value of Ry in equation (i), we have
Pcosa=Wsina+p (Psino+ Wceos o)
© = Wsin o + P sin o + pW cos o

or Pcoso —pPsina=Wsino+ uWcos o

or P (cos a - psino) =W(sina+ U cos o)

(sino + U cos o)

(cos ot — W sin Q)

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

smoc + tan ¢ cos O

cos o —~ tanPsino

Multiplying the numerator and denominator by cos ¢, we have

sinctcos ¢ + sin¢ cos o

cosocosd — sinasing

M W tan (@ + 6)

cos (a + 0)

P=Wx

or - P =

P=Wx



Torque required to overcome friction between the screw and nut,

T,:Px§~~Wtan(a+¢)

When the axial load is taken up by a thrust coliar as shown in Fig. 17.2 (b), so that the
load does not rotate with the screw, then the torque required to overcome friction at the
collar,

_2 R)’ - (R
=3 Xt x {(Rl)z - (Rz)z]

3
.. (Assuming uniform pressure conditions) -
R, + R, .
=p, xW S |F K WR. ...(Assuming uniform wear conditions)

where R, and R, = Outside and inside radii of collar,
R, + R,
2
u; = Coefficient of friction for the collar.
Total torque required to overcome friction (i.e., to rotate the screw),
Tr=T,+T,
If an effort P, is applied at the end of a lever of arm length /, then the total torque reqmred
to overcome friction must be equal to the torque applied at the end of lever, i.e., \

T =_P X -‘21 =P xl

4.4 Torgue Required to Lower Load by Square Threaded Screws

R = Mean radius of collar = , and

=TT T TS AT T TT AT v a

<" A little consideration will show that when the load is being lowered, the force of friction
(F = W.Ry) will act upwards. All the forces acting
on the body are shown in Fig. 17.4.

Resolving the forces along the plane,
Pcoso=F—-Wsina :
= WRy - Wsin o D
and resolving the forces perpendicular to the

. Y
plane, : : o
. | A
Ry= Wceos o — Psin @ ..(i) W% sin o
Substituting this value of Ry in equation (i), Fig. 17.4
we have, :
Pcos o = p (Wcos oo — P sin o) — W sin o

uW cos o — u P sin o — W sin «

uW cos oo - Wsin o0

W (u cos o0 — sin )

{ncosa — sinQ)

(cos O + Wsin@)

Substituting the value of p = tan ¢ in the above equation, we have
' {tan ¢ cos 0t — sin Q)

(cos 0. + tan ¢ sin Q)

or Pcoso+ pPsina
P (cos o + W sin Q)

or P=WXx

P=Wx



Multiplying the numerator and denominator by cos ¢, we have
(sin ¢ cos 0. — sin ot cos )

P=Wx (cosacos¢ + sind sin )
ﬂu = Wtan (¢ - @)
cos (¢ —

Torque required to overcome fr1ct10n between the screw and nut,

d d
’I‘I_P><2_Wtan((|)—0L)2

4.5 Efficiency of Square Threaded Screws

The efficiency of square threaded screws may be defined as the ratio between the ideal effort
(i.e., the effort required to move the load, neglecting friction) to the actual effort (i.e., the effort
required to move the load taking friction into account).

We know that effort applied at the circumference of the screw to lift the load is
P = W tan (o + ) - ...(i)‘
where W = Load to be lifted,
o = Helix angle,
¢ = Angle of friction, and
p = Coefficient of friction between the screw and nut = tan ¢.

If there would have been no friction between the screw and the nut, then ¢ will be equal
to zero. The value of effort Py necessary to raise the load, will then be given by the equation,

Py = Wtan o [Substituting ¢ = 0 in equation (4)]

P
Efficiency, n = Ideal effort _fo _ __ Wiana tan o

‘ Actual effot P  Wtan(o + ¢) tan(a + )
This shows that the efficiency of a screw jack, is independent of the load raised.

In the above expression for efficiency, only the screw friction is considered. However, if
the screw friction and collar friction is taken into account, then
Torque required to move the load, neglecting friction
Torque required to move the load, including screw and collar friction
T, Py x di2

T Pxd/i2+p.WR

‘n:

4.6 Maximum Efficiency of a Square Threaded Screw
e We have seen that the efficiency of a square threaded screw is given by —
__ tanox sin o/ cos & _ sino X cos {0 + 9)
M= tan(a + ) sin(o + ¢)/cosia + §)  coso x sin(ol + 0)
)
Multiplying the numerator and denominator by 2, we have,
_ 2sina X cos(o + @)  sin(2o + ¢) - sin¢ .
T 2coso X sin(o + ¢) ~ sin(20 + ¢) + sing . ()
{ 2sinAcosB = sin{A + B) + sin(4 - B)}
2cosAsinB =sin(A + B) — sin(A - B)
The efficiency given by equation (ii) will be maximum when sin (2a + ¢) is maximum,
l.e., when

s_in Qa+¢) =1 or when 200+ ¢ = 90°
200 = 90° - ¢ or o =45~ 6/2



Substituting the value of 2¢ in equation (ii), we have maximum efficiency,
_ 8in(90° ~ 0 + ¢) ~ sin¢g _ sin90° - sin ¢
max T sin (90° — ¢ + ¢) + sm(b sin 90° + sin¢

_ 1 -sing

I + sing

4.7 Example

e A vertical screw with single start square threads of 50 mm mean diameter and 12.5 mm
pitch is raised against a load of 10 kN by means of a hand wheel, the boss of which is
threaded to act as a nut. The axial load is taken up by a thrust collar which supports the
wheel boss and has a mean diameter of 60 mm. The coefficient of friction is 0.15 for the
screw and 0.18 for the collar. If the tangential force applied by each hand to the wheel is
100 N, find suitable diameter of the hand wheel.

Solution. Given : d = 50 mm ; p = 12.5 mm ; W—l()kN-—leIO3N D = 60 mm or
"R=30mm;p=tan ¢ =0.15; 4, =018; P, = 100 N

We know that tan o = ~d = ———— = 0.08

and the tangential force required at the circumference of the screw,

tano + tan¢
1 —tana tan ¢

P

Wtan(a+¢)=W[

0.08 + C.15
= 3 = 232
10 x 10 [1 ~0.08 x 0.15] 2328 N
We also know that the total torque required to turn the hand wheel,
T = Px%{+u,WR 2328 x%+0.18x 10 x 10° x 30 N-mm
=58 200 + 54 000 = 112 200 N-mm (1)
Let D = Diameter of the hand wheel in mm.
We know that the torque applied to the handwheel
D, D,
T=12P, x—2-—=2>< 1()Ox—2—= 100 D; N-mm (i)

Equating equations (i) and (i),
, D, =112 200/100 = 1222 mm = 1.222 m Ans.
4.8 Example
e A vertical two start square threaded screw of a 100 mm mean diameter and 20 mm pitch
supports a vertical load of 18 kN. The axial thrust on the screw is taken by a collar bearing
of 250 mm outside diameter and 100 mm inside diameter. Find the force required at the

end of a lever which is 400 mm long in order to lift and lower the load. The coefficient of
friction for the vertical screw and nut is 0.15 and that for collar bearing is 0.20.

Solution. Given : d = 100 mm; p =20 mm; W = 18 kN = 18 X 10N ; D, = 250 mm or
Ry, =125 mm; D; = 100 mm or R; = 50 mm ; / = 400 mm; p = tan ¢ = 0.15; p; = 0.20
Force required at the end of lever

Let P = Force required at the end of lever.

Since the screw is A two start square threaded screw, therefore lead of the screw
2p=2x20=40 mm
Lead 40

nd ~ 7 x 100

We know that tan o

= 0.127



1. For raising the load
We know that tangential force required at the circumference of the screw,
tano + tan ¢
1 - tan o tan ¢]

0.127 + 0.15 _
[1 - 0.127 x 0.15] - 5,083 N

P=Wtan(a+¢)=W[

=18 x 10°

and mean radius; of the collar,
R, + R o
R = 12 2=50+2125=87.5mm

Total torque required at the end of lever,

T=Px§+u,WR
100

= 5083 x Ea 0.20 x 18 x 10° x 87.5 = 569 150 N-mm

We know that torque required at the end of lever (T'),
569 150 = Py x [ =P, x400 or P, =569 150/400 = 1423 N Ans.
2. For lowering the load .
We know that tangential force required at the circumference of the screw,

_ B tan ¢ — tan o
P=Wtan (¢ - o) = W[l + tan ¢ tanoc]

0.15 - 0.127
1+ 015 x 0.127] = 4063 N

and the total torque required the end of lever,

= 18><}03[

T=ng+u1 WR

= 406.3 x m +0.20 x 18 x 10° x 87.5 = 335 315 N-mm

2
We know that torque réquired'at the end of lever (T),

335315 =P, x1=P; x400 or P,=335315/400=8383 N Ans.

4.9 Over Hauling and Self Locking Screws
e We have seen that the effort required at the circumference of the screw to lower the load is
given by —

P = Witan (¢ — o)
and the torque required to lower the load,

d d
T-P><2—Wtan(<1)-a0t)2

In the above expression, if @ < q, then torque required to lower the load will be negative.

In other words, the load will start moving downward without the application of any torque.
Such a condition is known as over hauling of screws.

If however, @ > q, the torque required to lower the load will be positive, indicating that an
effort is applied to lower the load.

Such a screw is known as self locking screw.

¢ In other words, a screw will be self locking if the friction angle is greater than helix angle or
coefficient of friction is greater than tangent of helix angle i.e.tan @ >tan a.



4.10 Efficiency oj Self Locking §crews

We know that the efficiency of screw;

_ tan &

"~ tan (o + &)
and for self locking screws, ¢ =2 o or o < ¢.

n

Efficiency for self locking screws, _
2
tang  _ tan¢ tan ¢ (1 — tan“ ¢)

ns<

tan(d + ¢) ~ tan2¢p T 2tan ¢
1 tanzg .. _ . 2tand
< 3 3 | { tan 2¢ = T tanz¢J

e From this expression we see that efficiency of self locking screws is less than 1/2 or 50%. If
the efficiency is more than 50%, then the screw is said to be over hauling.

4.11 Acme or Trapezoidal Threads
e We know that the normal reaction in case of a square threaded screw is
Rn = W cosa, where a is the helix angle.
e But in case of Acme’ or trapezoidal thread, the normal reaction between the screw and nut is
increased because the axial component of this normal reaction must be equal to the axial load

(W).

e Consider an Acme or trapezoidal thread as shown in following Fig.

o Let
2= Angle of the Acme thread, and
B = Semi-angle of the thread.

W
Ry = cos B
and frictional force F=uRy=HNX W__ w
’ = HRy=H Cosﬁ—l-h-

where W/ cos B = p,, known as virtual coefficient of friction.



4.12 Example

The lead screw of a lathe has Acme threads of 50 mm outside diameter and 8 mm pitch. The
screw must exert an axial pressure of 2500 N in order to drive the tool carriage. The thrust is
carried on a collar 110 mm outside diameter and 55 mm inside diameter and the lead screw
rotates at 30 r.p.m. Determine (a) the power required to drive the screw; and (b) the efficiency
of the lead screw. Assume a coefficient of friction of 0.15 for the screw and 0.12 for the collar.

Solution. Given : d, = 50 mm; p = 8 mm; W = 2500 N; D, = 110 mm or R, = 55 mm;

D,=55mmorR, =275 mm; N=30rpm.; p=tan ¢ = 0.15; g, = 0.12
(a) Power required to drive the screw

We know that mean diameter of the screw,
‘ d=d,-p/2=50-8/2=46 mm

Since the angle for Acme threads is 2 = 29° or B = 14.5°, therefore virtual coefficient of

friction, .

p o 015  _ 015
cosB ~ cos14.5° ~ 0.9681 0.155
We know that the force required to overcome friction at the screw,

tan o + tan ¢,
1 — tano tan ¢,

My = tan ¢; =

P=Wtah(a+¢1)=w[

- 2500{ 0.055 + 0.155 ]= 530 N

I - 0055 x 0.155

and torque required to overcome friction at the screw.

T, =Pxd/2=530x46/2 =12 190 N-mm
We know that mean radius of collar,
r-ft R 554 275
2 2
Assuming uniform wear, the torque required to overcome friction at collars,
T, = B, WR = 0.12 % 2500 x 41.25 = 12 375 N-mm
Total torque required to overcome friction,
=T =T +T,=12 190 + 12 375 = 24 565 N-mm = 24.565 N-m
We know that power required to drive the screw

Tx2rmN _ 24565 x 2® x 30
60 60

= 41.25 mm

=Tw= =7TW = 0.077 kW Ans.

W w=21N/60)

(b) Efficiency of the lead screw

We know that the torque required to drive the screw with no friction,

T, = W tan a X 52{ = 2500 x 0.055 x §2§ = 3163 N-mm
= 3.163 N-m
Efficiency of the lead screw,
T,
n=—= 3163 _ 0.13 or 13% Ans.



4.13 Stresses in Power Screws
Following types of stresses are induced in the screw.

a. Direct tensile or compressive stress due to an axial load.

e The direct stress due to the axial load may be determined by dividing the axial load (W) by the
minimum cross-sectional area of the screw (Ac) i.e., area corresponding to minor or core
diameter (dc).

e Direct stress (tensile or compressive) is given as —

W
ot Ac

e This is only applicable when the axial load is compressive and the unsupported length of the
screw between the load and the nut is short.

e But when the screw is axially loaded in compression and the unsupported length of the screw
between the load and the nut is too great, then the design must be based on column theory
assuming suitable end conditions.

e In such cases the cross-sectional area corresponding to core diameter may be obtained by
using Rankine-Gordn formula or J.B. Johnson’s formula.

e According to this,

2
G, (L
W, = A, x cc[l - Tcﬁif(ﬂ }

w 1
g, = Z— 2
‘ 1 - __G.V__.. é\
4CnE \k J
where W,, = Critical load,

6, = Yield stress,

L = Length of screw,

k = Least radius of gyration,

C = End-fixity coefficient,

E = Modulus of elasticity, and
o, = Stress induced due to load W.

b. Torsional shear stress.
e Since the screw is subjected to a twisting moment, therefore torsional shear stress is induced.

This is obtained by considering the minimum cross-section of the screw.
e We know that torque transmitted by the screw-

T
T=—1—6-xt(dc3

or shear stress induced,-
_ler
r (d,)’

e When the screw is subjected to both direct stress and torsional shear stress, then the design
must be based on maximum shear stress theory.

e According to which maximum shear stress on the minor diameter section is given by

Traz = 5 V(o, or 6,)° + 47



c. Shear stress due to axial load.
e The threads of the screw at the core or root diameter and the threads of the nut at the major
diameter may shear due to the axial load.
e Assuming that the load is uniformly distributed over the threads in contact, we have shear
stress for screw,

W
Gorew) = d .t

e and shear stress for nut,

. W
0 = T

(4]

Where ,
W = Axial load on the screw,
n = Number of threads in engagement,
¢ = Core or root diameter of the screw,
do = Outside or major diameter of nut or screw, and
t = Thickness or width of thread.
d. Bearing pressure.
e In order to reduce wear of the screw and nut, the bearing pressure on the thread surfaces
must be within limits.
e In the design of power screws, the bearing pressure depends upon the materials of the screw
and nut, relative velocity between the nut and screw and the nature of lubrication.
e Assuming that the load is uniformly distributed over the threads in contact, the bearing
pressure on the threads is given by

W __xW
n " md.t.n
3| @ - @)]n

Py

Where ,
d = Mean diameter of screw,

t = Thickness or width of screw = p /2, and

n = Number of threads in contact with the nut
_ Height of the nut _
"~ Pitch of threads

4.14 Design of Screw Jack
e A bottle screw jack for lifting loads is shown in following fig.
e The various parts of the screw jack are as follows:
1. Screwed spindle having square threaded screws,
2. Nut and collar for nut,
3. Head at the top of the screwed spindle for handle,
4. Cup at the top of head for the load, and
5. Body of the screw jack.
Step 1
e First of all, find the core diameter(d;) by considering that the screw is under pure compression,
ie.,

h
p

p

tdc?
4

OoC =




Body height —————

Step 2
Find the torque (7)) required to rotate the screw and find the shear stress (T) due to this
torque.
We know that the torque required to lift the load, |
- N . .
T, =P><§=Wtan(oc+¢)§
where P = Effort required at the circumference of the screw, and

d = Mean diameter of the screw.

~. Shear stress due to torqué Ty,

16 T,
@)y

Also find direct compressivé stress (G;) due to axial load, i.e.,
. = — W -
Z (dc)

Step 3

¢ Find the principal stresses as follows:

e Maximum principal stress (tensile or compressive),



' 2 2
O comax) = %[Gc + \/(cc) +41 ]
and maximum shear stress,

Twax = 2 V(O)? + 4T

e These stresses should be less than the permissible stresses.

Step 4
e Find the height of nut (h), considering the bearing pressure on the nut. We know that the
bearing pressure on the nut,

Py = u '
p =
L
7@y - @yn
Where, n = Number of threads in contact with screwed spindle.
Height of nut, h=nxp
Where , p = Pitch of threads.
Step 5
e Check the stressess in the screw and nut as follows
T W
Gscrew) = v n.d.t
W
T(nut) = d
T nd,t
where , t = thickness of screw=p /2
Step 6

e Find inner diameter (D), outer diameter (D) and thickness (t;) of the nut collar.
e The inner diameter (D,) is found by considering the tearing strength of the nut.

We know that
w

7 [0 -4y

e The, outer diameter (D) is found by considering the crushing strength of the nut collar.
We know that - -

ot =

w
7 (@) - 0]

e The thickness (t;) of the nut collar is fo-ud by considering the shearing strength of the nut collar.
We know that--

T=

oC =

w
m.D1.t1

Step 7
Fix the dimensions for the-diameter of head (D3) on the top of the screw and for the cup.

Take D;=1.75 do.

The seat for the cup is made equal to the diameter of head and it is chamfered at the top.

The cup is fitted with a pin of diameter D, = D3 /4 approximately. This pin remains a loose fit in
the cup.

Step 8
¢ Find the torque required (T,) to overcome friction at the top of screw. We know that —



(RPN 3
r=2xu [(Rg) Ry

... (Assuming uniform pressure conditions)
3 (Ry)? - (R4)2}

Ry + R, ]
=y W [—-‘—3——} = w; W R .. (Assuming uniform wear conditions)
Where ,
R3; = Radius of head
R4 = Radius of pin
Step 9
e Now the total torque to which the handle will be subjected is given by
T=T1+T>
e Assuming that a person can apply a force of 300 — 400 N intermittently, the length of handle
required is -
| =T/300
The length of handle may be fixed by giving some allowance for gripping.
Step 10
e The diameter of handle (D) may be obtained by considering bending effects. We know that
bending moment,

T
M=§§><Gbe3

Step 11
e The height of head (H) is usually taken as twice the diameter of handle, i.e., H = 2D.

Step 12
Now check the screw for buckling load.

Effective length or unsupported length of the screw,
L = Lift of screw + 1 Height of nut

We know that buckling or critical load,

: o, L
W, =A_.o, !:1 - 4—5-;2—15' (‘EJZ}

where o, Yield stress,

C = End fixity coefficient. The screw is considered to be a strut wit,
lower end fixed and load end free. For one end fixed and the
other end free, C = 0.25

k = Radius of gyration = 0.25 d,

]

Step 13
e Fix the dimensions for the body of the screw jack.

¢ Find efficiency of the screw jack.

Example

A screw jack is to lift a load of 80 kN through a height of 400 mm. The elastic strength of screw
material in tension and compression is 200 MPa and in shear 10 MPa. The material for nut is
phosphor-bronze for which the elastic limit may be taken as 100 MPa in tension, 90 MPa in
compression and 80 MPa in shear .The bearing pressure between the nut and the screw is not to
exceed 18 N/mm2. Design and draw the screw jack. The design should include the design of 1.
screw, 2. nut, 3. handle and cup,and 4. body.



Solution. Given : W = 80 kN = 80 x 10°N; H; =400 mm = 04 m; o, = 200 MPa
= 200 N/mm?; 1, = 120 MPa = 120 N/mm?; Gez(w) = 100 MPa = 100 N/mm Gec oy = 90
MPa = 90 N/'nm y Tegury = 80 MPa = 80N/mm ; Py = 18 N/mm?

The various parts of a screw jack are de51gned as discussed below :
1. Desigpm &f screw for spindle

Let d, = Core diameter of the screw.
Since the screw is under compression, therefore load (W), ~
L 2
80 x 10% = (d ) 3-0—0 = 78.55 (d,)*

S
(Takmg factor of safety, ¥. S =2)

- (d)* = 80 x10*/78.55 = 1018.5 or d, =32 mm
But for safety purpose adding 6 mm to the dimensions ,
dc =38 mm
do=46 mm and
pitch = 8 mm

Now let us check for principal stresses :
We know that the mean diameter of screw,
da + dc 46 + 38
-T2 T2

= 42 mm

and tan o0 = rdcwxa” 0.0606

Assuming coefficient of friction between screw and nut,

u=tan@=0.14
Torque required to rotate the screw in the nut,

Tl:PX%=Wtan((x+¢) W{ tana+tan¢»]

tana tan |2

_80“03[ 0.0606 + 0.14 }42

el 3N
1 - 0.0606 x 0.14 340 x 10° N-mm

_ 2
Now compressive stress due to axial 1oad,

3 .
o, =W _W _80X10 _ 4953 Nmm?

A Zay  Zos
and shear stress due to the torque, '
= 00 _ 16X 30X 10 _ 3 55 Njmm?
n{d,) 7 (38) U
Maximum principal stress (tensile or compressive),
Seimany = 1[0, + V(07 + 47 ] = 117053 + N(70.53)” + 4 (31.55)* |

o

=1 [70.53 + 94.63] = 82.58 N/mm?

o, o
FeS ze,;gg— 100N/mm

We know that maximum shear stress,

Toar = 3 V(6 + 472 | =

The given value of ¢, is equal to

(N(70.53)* + 4(31.55)? |

1
2



L% 94.63 = 47.315 N/mm?

1
2
T . 120 2
The given value of 1 is equal to -P:TS,—, Le, == 60 N/mm~.

Since these maximum stresses are within limits, therefore design of screw for spindle is -
safe.

2. Design for nut
Let n = Number of threads in contact with the screwed spindle,
h = Height of nut = n X p, and
t = Thickness of screw = p/2 = 8/2 = 4 mm
Assume that the load is distributed uniformly over the cross-sectional area of nut.
We know that the bearing pressure ( p,),

W 80X 10° 1516

18 =
@ - @n Fleer -] 7
- n = 151.6/18 = 8.4 say 10 threads Ans.
and height of nut, h=nxp=10% 8 = 80 mm - Ans.
Now, let us check the stresses induced in the screw and nut.
We know that shear stress in the screw, :
Teeremy = = = ——B0X 10 _ 1675 N/mm?

mnd.t ™ x 10 x 38 x 4

v (0 = pl2 = 4 mm)

and shear stress in the nut,

| 80 x 10°
nnd,t  mx 10 x 46 X 4
Since these stresses are.within permissible limit, therefore design for nut is safe.
Let D, = Outer diameter of nut, '

D, = Outside diameter for nut collar, and
t; = Thickness of nut collar.

First of all considering the tearing strength of nut, we have

w =20y - @),

80 x 10° = £ [0? - 46740 = 393 [(0,)? - 2116]

= 13.84 N/mm®

, T(nur) =

or (Dl)2 —~ 2116 = 80 x 10°/39.3 = 2036
g (Di)2 2036 + 2116 = 4152 or D, = 65 mm - Ans.
Now considering the crushing of the collar of the nut, we have

= 7 [ - D).

| " 3 _ 2 _ 21 2V = _ _ 0le'c(n
- 80x10° = [(1)2) (65)] 35.3 [(D? - 4225] . [ o =—e ]
or (D,)* — 4225 = 80 x 10%/35.3 = 2266

(Dy)?* = 2266 + 4225 = 6491 or D, = 80.6 say 82 mm Ans.



Considering the shearing of the collar of the nut, we have

80)(103:75)(65)(['1)('82—0:8170 tl ---['-'T= enur):|

t, = 80 x 10°/8170 = 9.8 say 10 mm Ans.
3. Deszgn for handle and cup

The diameter of the head (D;) on the top of the screwed rod is usually taken as 1.75 times
the outsmle diameter of the screw (d,). ‘

Dy =175d,= 175x46-805 say 82 mm Ans.

The head is provided with two holes at the nght angles to receive the handle for rotating
the screw. The seat for the cup is made equal to the diameter of head, i.e., 82 mm and it is given
chamfer at the top. The cup prevents the load from rotating. The cup is fitted to the head with
a pin of diameter D, = 20 mm. The pin remains loose fit in the cup. Other dimensions for the
cup may be taken as follows :

Height of cup

Thickness of cup

Diameter at the top of cup

50 mm Ans.
10 mm  Ans.
160 mm Ans.



