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17.1 Infroduction

The power screws (also known astranslation screws)
are used to convert rotary mation into translatory motion.
For example, inthe case of thelead screw of lathe, therotary
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, asmall force applied inthe
horizontal planeisusedto raiseor lower alargeload. Power
screws are also used in vices, testing machines, presses,
etc.

In most of the power screws, the nut hasaxial motion
against the resisting axial force while the screw rotatesin
its bearings. In some screws, the screw rotates and moves
axially against theresisting force whilethe nut is stationary
and in othersthe nut rotates while the screw moves axially
with no rotation.
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17.2 Types of Screw Threads used for Power Screws
Following are the three types of screw threads mostly used for power screws :

1. Squarethread. A squarethread, asshowninFig. 17.1 (a), isadapted for the transmission of
power in either direction. Thisthread resultsin maximum efficiency and minimum radial or bursting

p
£ p

!4_ p _>| - 2 | .

T 29
h h
7
h=05p h=0.5p+0.25 mm
(a) Square thread. (b) Acme thread.

Fig. 17.1. Types of power screws.

0.37p

h=0.75p

(c) Buttress thread.

pressure on the nut. It is difficult to cut with taps and dies. It is usually cut on a lathe with asingle

point tool and it can not be easily compensated for wear. The
square threads are employed in screw jacks, presses and
clamping devices. The standard dimensionsfor squarethreads
according to IS : 4694 — 1968 (Reaffirmed 1996), are shown
inTable 17.1to 17.3.

2. Acmeor trapezoidal thread. An acmeor trapezoidal
thread, as shown in Fig. 17.1 (b), isamodification of square
thread. The dlight slopegiventoitssideslowerstheefficiency
dightly than square thread and it al so introduce some bursting
pressure on the nut, but increases its areain shear. It is used
where a split nut is required and where provision is made to
take up wear as in the lead screw of alathe. Wear may be
taken up by means of an adjustable split nut. An acme thread
may be cut by means of dies and hence it is more easily
manufactured than square thread. The standard dimensions
for acme or trapezoidal threads are shown in Table 17.4
(Page 630).

3. Buttress thread. A buttress thread, as shown in Fig.
17.1(c), isused when large forces act along the screw axisin
onedirection only. Thisthread combinesthe higher efficiency
of square thread and the ease of cutting and the adaptability to

Screw jacks

asplit nut of acmethread. It is stronger than other threads because of greater thickness at the base of
thethread. The buttressthread haslimited use for power transmission. It isemployed asthethread for

light jack screws and vices.

Table 17.1. Basic dimensions for square threads in mm (Fine series) according
to IS : 4694 - 1968 (Reaffirmed 1996)

Nominal Major diameter Minor Pitch Depth of thread Area of
diameter diameter core
(d) Bolt Nut Bolt Nut (A) mm?
(d) (D) (dy) (p) (h) (H)
10 10 10.5 8 2 1 1.25 50.3
12 12 12.5 10 785
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d, d D d, h H A,
14 14 145 12 113
16 16 165 14 1 1.25 154
18 18 185 16 201
20 20 205 18 254
22 22 225 19 284
24 24 24.5 21 346
26 26 265 23 415
28 28 285 25 491
30 30 30.5 27 573
32 32 325 29 661
(34) 34 345 31 755
36 36 36.5 33 15 1.75 855
(38) 38 385 35 962
40 40 40.5 37 1075
a2 42 425 39 1195
a4 44 44.5 a1 1320
(46) 46 46.5 43 1452
48 48 48.5 45 1590
50 50 50.5 47 1735
52 52 52.5 49 1886
55 55 55.5 52 2124
(58) 58 58.5 55 2376
60 60 60.5 57 2552
(62) 62 62.5 59 2734
65 65 65.5 61 2922
(68) 68 68.5 64 3217
70 70 705 66 3421
(72) 72 725 68 3632
75 75 755 71 3959
(78) 78 785 74 4301
80 80 80.5 76 4536
(82) 82 825 78 4778
(85) 85 85.5 81 2 2.25 5153
(88) 88 88.5 84 5542
9 % 90.5 86 5809
(92) 92 925 88 6082
95 95 95.5 91 6504
(98) 98 98,5 % 6960
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d, d D d, p h H A,
100 100 100.5 96 7238
(105) 105 105.5 101 4 2 2.25 8012
110 110 110.5 106 8825
(115) 115 1155 109 9331
120 120 120.5 114 10207
(125) 125 1255 119 11 122
130 130 130.5 124 12 076
(135) 135 1355 129 13 070
140 140 140.5 134 14103
(145) 145 1455 139 6 3 3.25 15175
150 150 150.5 144 16 286
(155) 155 1555 149 17437
160 160 160.5 154 18 627
(165) 165 165.5 159 19 856
170 170 170.5 164 21124
(175) 175 1755 169 22 432
Note : Diameter within brackets are of second preference.
Table 17.2. Basic dimensions for square threads in mm (Normal
series)according to IS : 4694 - 1968 (Reaffirmed 1996)
Nominal Major diameter Minor Pitch Depth of thread Area of
diameter diameter core
(d) Bolt Nut Bolt Nut (A) mn?
(d) (D) (dy) (p) (h) (H)
22 22 225 17 227
24 24 245 19 284
26 26 26.5 21 5 25 2.75 346
28 28 285 23 415
30 30 30.5 24 452
32 32 325 26 6 3 3.25 531
(39) 34 345 28 616
36 36 36.5 30 707
(39) 38 385 31 755
40 40 40.5 33 7 315 N5 855
(42) 42 425 35 962
44 44 44.5 37 1075
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d, d D d, p h H A,
(46) 46 465 38 1134
48 48 485 40 8 4 4.25 1257
50 50 50.5 42 1385
52 52 525 44 1521
55 55 55.5 46 1662
(58) 58 58.5 49 9 45 5.25 1886
(60) 60 60.5 51 2043
(62) 62 625 53 2206
65 65 65.5 55 2376
(68) 68 68.5 58 10 5 5.25 2642
70 70 705 60 2827
(72) 72 725 62 3019
75 75 755 65 3318
(78) 78 785 68 3632
80 80 80.5 70 3848
(82) 82 825 72 4072
85 85 85.5 73 41.85
(88) 88 885 76 4536
% 90 85.5 78 12 6 6.25 4778
(92) 92 925 80 5027
9%5 9%5 95.5 83 5411
(98) 98 985 86 5809
100 100 1005 88 6082
(105) 105 1055 93 6793
110 110 1105 98 7543
(115) 115 116 101 8012
120 120 121 106 882
(125) 125 126 111 14 7 75 9677
130 130 131 116 10 568
(135) 135 136 121 11 499
140 140 141 126 12 469
(145) 145 146 131 13 478
150 150 151 134 14 103
(155) 155 156 139 16 8 85 15 175
160 160 161 144 16 286
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d, d D d, p h H A,
(165) 165 166 149 17 437
170 170 171 154 16 8 85 18 627
(275) 175 176 159 19 856

Note: Diameter within brackets are of second preference.

Table 17.3. Basic dimensions for square threads in mm (Coarse series) according

tolS : 4694 - 1968 (Redaffirmed 1996)

Nominal Major diameter Minor Pitch Depth of thread Area of
diameter diameter core
(d) Bolt Nut Bolt Nut (A) mm?
(d) (D) (dy) (p) (h) (H)
22 22 225 14 164
24 24 245 16 8 4 4.25 204
26 26 26.5 18 254
28 28 28.5 20 314
30 30 30.5 20 314
32 32 325 22 380
(34) 34 345 24 10 5 5.25 452
36 36 36.5 26 531
(38) 38 385 28 616
40 40 40.5 28 616
(42) 42 425 30 707
44 44 44.5 32 804
(46) 46 46.5 34 12 6 6.25 908
48 48 48.5 36 1018
50 50 50.5 38 1134
52 52 52.5 40 1257
55 55 56 41 1320
(58) 58 59 44 14 7 7.25 1521
60 60 61 46 1662
(62) 62 63 48 1810
65 65 66 49 1886
(68) 68 69 52 16 8 85 2124
70 70 71 54 2290
(72) 72 73 56 2463
75 75 76 59 2734
(78) 78 79 62 3019
80 80 81 64 3217
(82) 82 83 66 3421
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d, d D d, p h H A,
85 85 86 67 3526
(88) 88 89 70 3848
9 % 91 72 4072
(92) 92 93 74 18 9 95 4301
95 95 % 77 4657
(96) % 99 80 5027
100 100 101 80 5027
(105) 105 106 85 20 10 105 5675
110 110 111 9 6362
(115) 115 116 93 6793
120 120 121 98 7543
(125) 125 126 103 22 11 115 8332
130 130 131 108 9161
(135) 135 136 111 9667
140 140 141 116 24 12 125 10 568
(145) 145 146 121 11 499
150 150 151 126 12 469
(155) 155 156 131 13 478
160 160 161 132 13 635
(165) 165 166 137 14 741
170 170 171 142 28 14 14.5 15 837
(175) 175 176 147 16 972

Note : Diameters within brackets are of second preference.

Table 17.4. Basic dimensions for trapezoidal/Acme threads.

Nominal or major dia- Minor or core dia- Pitch Area of core
meter (d) mm. meter (d,) mm (p) mm (A,) mm?

10 6.5 3 33

12 85 57

14 9.5 71

16 115 4 105
18 135 143
20 155 189
22 16.5 214
24 185 5 269
26 20.5 330
28 22.5 389
30 235 434
32 2515 6 511
34 27.5 594
36 29.5 683
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d d, p A,
38 30.5 731
40 32.5 7 830
42 34.5 935
44 36.5 1046
46 37.5 1104
48 39.5 8 1225
50 41.5 1353
52 43.5 1486
55 45.5 1626
58 48.5 9 1847
60 50.5 2003
62 52.5 2165
65 54.5 2333
68 57.5 2597
70 59.5 10 2781
72 61.5 2971
75 64.5 3267
78 67.5 3578
80 69.5 3794
82 715 4015
85 725 4128
88 755 4477
90 775 4717
92 79.5 4964
95 82.5 12 5346
98 85.5 5741
100 87.5 6013
105 92.5 6720
110 97.5 7466
115 100 7854
120 105 8659
125 110 9503
130 115 14 10 387
135 120 11 310
140 125 12 272
145 130 13273
150 133 13 893
155 138 14 957
160 143 16 061
165 148 16 17 203
170 153 18 385
175 158 19607

Contents

Top



Contents

632 = A Textbook of Machine Design

17.3 Multiple Threads

The power screws with multiple threads such as double, triple etc. are employed when it is
desired to secure a large lead with fine threads or high efficiency. Such type of threads are usually
found in high speed actuators.

17.4 Torque Required to Raise Load by Square Threaded Screws

The torque required to raise aload by means of square threaded screw may be determined by
considering a screw jack asshown in Fig. 17.2 (a). 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.

i
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Threaded |
rod ._1<;

i
!
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il
wi/—
ol

(a) Screw jack. (b) Thrust collar.
Fig. 17.2
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 developed, it will form an inclined plane as shown in
Fig. 17.3 (a).

P
: l
|<7 nd 4>|
w | /
W sin au
(a) Development of a screw. (b) Forces acting on the screw.
Fig. 17.3
Let p = Pitch of the screw,

d = Mean diameter of the screw,
o = Helix angle,
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P = Effort applied at the circumference of the screw to lift the load,
W = Load to belifted, and
p = Coefficient of friction, between the screw and nut
= tan ¢, where ¢ isthefriction angle.
From the geometry of the Fig. 17.3 (a), we find that
tano = p/nd

Sincethe principle, on which ascrew jack worksissimilar to that of aninclined plane, therefore
the force applied on the circumference of a screw jack may be considered to be horizontal as shown
inFig. 17.3 (b).

Sincetheload isbeing lifted, therefore the force of friction (F = u.R,, ) will act downwards. All
the forces acting on the body are shown in Fig. 17.3 (b).

Resolving the forces along the plane,

Pcoso = Wsino+ F=Wsino + 1.R
and resolving the forces perpendicular to the plane,
Ry =Psino+Wcos o
Substituting thisvalue of R in equation (i), we have
Pcoso =Wsino+u (Psino +Wcoso)
=Wsino +p Psino + uWcoso
or Pcoso—puPsno =Wsno+uWcoso
or P(coso—psino) =W (sino + 1 cos o)
y (sn o+ u cos o)
(cosa —usin o)

Substituting the value of 1 = tan ¢ in the above equation, we get

pP=W

Screw jack

sin o + tan ¢ cos o
coso —tan ¢ sin o
Multiplying the numerator and denominator by cos ¢, we have

or P=Wx

sin o cos ¢ + sin ¢ cos o

P=Wx - -
COS 0L COS O — Sin o Sin ¢
= wWx 3OO o o+ )
cos (o + ¢)

-~ Torque required to overcome friction between the screw and nut,
d d
T, = Px—==Wtan (a+ ¢) =
. ) (0+0)

When the axial load istaken up by athrust collar asshownin Fig. 17.2 (b), so that theload does
not rotate with the screw, then the torque required to overcome friction at the collar,

2 3 _ 3
T, = _Xulxw{(Rl)z (Rz)z}
3 (R)* - (Ry)

... (Assuming uniform pressure conditions)
=wxw[RBER L wR ing uni it
=W 2 =l ....(Assuming uniform wear conditions)

where R, and R, = Outside and inside radii of collar,
+ R
R = Mean radius of collar = R > 2 and

u, = Coefficient of friction for the collar.
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.. Total torque required to overcome friction (i.e. to rotate the screw),
T=T,+T,
If an effort P, is applied at the end of alever of arm length |, then the total torque required to
overcome friction must be equal to the torque applied at the end of lever, i.e.
d
T=Px 5= B xI
Notes: 1. When the * nominal diameter (d,) and the ** core diameter (d.) of the screw is given, then
_Gotde 4 P_g P
2 2 2

2. Since the mechanical advantageistheratio of the load lifted (W) to the effort applied (P,) at the end of
the lever, therefore mechanical advantage,

Mean diameter of screw, d

W Wx2l d Pxd
M'A':E: Pxd ...(-.-PXE:FixlorPlz x j
Wx 2l B 21
TWten(o+0)d dtan(e+9) Ry N
o
17.5 Torque Required to Lower Load by Psinoc
A‘ el

Square Threaded Screws
A little consideration will show that when the load
is being lowered, the force of friction (F = u.R) will
act upwards. All theforces acting on the body are shown
inFig. 17.4.
Resolving the forces along the plane,

Fig. 17.4
Pcoso. =F—-Wsno E
=uRy-Wsna (i)
and resolving the forces perpendicular to the plane,
Ry =Wcosa—Psna (i)

Substituting this value of Ry in equation (i), we have,
Pcosa =p (Wcecosa—Psina)—Wsino
=uWcoso—puPsno—-Wsina
or Pcoso+puPsino = uWcoso—Wsino
P(cosa+usina) =W(ucosa—sino)
« (wcoso —sina)
(coso +usina)
Substituting the value of p = tan ¢ in the above equation, we have

or P=W

(tanp coso —sin o)
(cos o + tan ¢ sin o)
Multiplying the numerator and denominator by cos ¢, we have

P=Wx

(Shocoso— coso Sn o)

P=Wx - -
(cos ¢ cos o+ Sin ¢ sin o)

sin (¢ —a) _ 3
X—cos(q)—(x) =W tan (¢ — o)

*  Thenominal diameter of a screw thread is also known as outside diameter or major diameter.
**  The core diameter of ascrew thread is also known asinner diameter or root diameter or minor diameter.
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.. Torque required to overcome friction between the screw and nut,
d d
T,=Px—=—=Wtan (¢ - o) =
1 > (0-a) >
Note: When o > ¢, then P = Wtan (o — ¢).

17.6 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 re-
quired to move the load taking friction into account).

We have seen in Art. 17.4 that the effort applied at the circumference of the screw to lift the
load is

P =Wtan (o + ¢) (i)
where W= Load to belifted,
o = Helix angle,
& = Angle of friction, and
u = 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 P, necessary to raise the load, will then be given by the equation,

P,=Wtan o [Substituting ¢ = 0 in equation (i)]
- Ideal effort Ry W tan o tan o
- Efficiency, nM=———=—== =
Actual effort P Witan (oo +¢) tan (o + ¢)
This shows that the efficiency of a screw jack, isindependent of the load raised.
In the above expression for efficiency, only the screw friction is considered. However, if the
screw friction and collar friction istaken into account, then

: Torque required to move the load, neglecting friction
n= Torque required to move the load, including screw and collar friction
To _ Ryxd/2

T Pxd/2+yWR
Note: The efficiency may also be defined as the ratio of mechanical advantage to the velocity ratio.

We know that mechanical advantage,

W Wx2 Wx 2| B 2l
"B Pxd Wtan(a+6¢)d dtan(o+0)
Distance moved by the effort (F,) in one revolution
Distance moved by the load (W) in one revolution
2nl _ 2nl 2|

p tanaxnd dtana

MA. ..(Refer Art .17.4)

and velocity ratio, V.R=

. (s tana = p/ nd)
M.A 2| than(x_ tan o
V.R dtan (o + ¢) 2 tan (o + ¢)

17.7 Maximum Efficiency of a Square Threaded Screw
We have seen in Art. 17.6 that the efficiency of a square threaded screw,

.. Efficiency, n=

tano sin o,/ cos o _snaxcos(o+¢) ..(0)
tan (o + ) Sin (0. + ¢) / cos (o + )  cos o x sin (o + B)
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Multiplying the numerator and denominator by 2, we have,

_2sinoxcos(o+0)  sin (20 + ¢) —sing ()
T 2cosaxsin(oa+¢) sn(2o+¢)+sino

n

~+2sn AcosB=sn (A+ B)+sn(A-B)
{ 2cos Asin B=sin (A+ B) —sin (A- B)}
Theefficiency given by equation (ii) will be maximumwhen sin (2o + ¢) ismaximum, i.e. when
sn(o+¢) =1 or  when 2o+ ¢=90°
. 200 =90°—-¢ or o=45°-0/2
Substituting the value of 2. in equation (ii), we have maximum efficiency,

_Sn(90°-¢+¢)—sind sin90°-sin¢y _ 1-sin¢
- sin(90°—q)+q))+sin¢_sin90"+sin¢_1+sinq)

max

Example 17.1. Avertical 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 asa nut. The axial load istaken up by a thrust collar which supports the wheel boss
and has a mean diameter of 60 mm. The coefficient of frictionis 0.15 for the screw and 0.18 for the
collar. If thetangential force applied by each hand to thewheel is100 N, find suitable diameter of the
hand wheel.

Solution. Given : d =50 mm; p = 125 mm; W= 10 kN = 10 x 10°N ; D = 60 mm or
R=30mm;u=tan$=0.15;p,=0.18; P, =100 N

p 125

Weknow that tano = — = =0.08
nd mwx50
and the tangential force required at the circumference of the screw,
P=Wtan (o +0) =W tena+tang
l1-tan o tan ¢
_10x10° | 208F 0L | oagn
1-0.08x0.15

We also know that the total torque required to turn the hand wheel,

T= Px%+u1W R:2328><%+0.18><10x103><30 N-mm

= 58 200 + 54 000 = 112 200 N-mm (i)
Let D, = Diameter of the hand wheel in mm.
We know that the torque applied to the handwheel,

D D
T:2Pl><71:2><100x71:100D1N-mm (D)

Equating equations (i) and (ii),

D, =112200/100 = 1122 mm = 1.122 m Ans.

Example 17.2. An electric motor driven power screw movesanut in ahorizontal plane against
aforce of 75 kN at a speed of 300 mm/ min. The screw has a single square thread of 6 mm pitch on
amajor diameter of 40 mm. The coefficient of friction at screw threadsis 0.1. Estimate power of the
motor.

Solution. Given: W= 75 kN = 75 x 10 N ; v = 300 mm/min; p = 6 mm; d, = 40 mm;
p=tanp=0.1
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We know that mean diameter of the screw,
d=d,—p/2=40-6/2=37mm

p 6
d t = = =0.0516
an R
We know that tangential force required at the circumference of the screw,

pP=Wtan (o +¢)=W M

1-tan o tan ¢

= 75x10°8 | OO0 +0L |4 4310 N
1-0.0516x 0.1

and torque required to operate the screw,
T=Px % =11.43x10% x 3—27 = 211.45 x 10° N-mm = 211.45 N-m

Sincethe screw movesin anut at aspeed of 300 mm / min and the pitch of the screw is6 mm,
therefore speed of the screw in revolutions per minute (r.p.m.),

_ Speed in mm/min. _ 300
" PAtchinmm 6
and angular speed, ® =2nN/60=2rx50/60=5.24rad /s
: Power of the motor = T.c = 211.45 x 5.24 = 1108 W = 1.108 kW Ans.

Example. 17.3. The cutter of a broaching machineis pulled by square threaded screw of 55 mm
external diameter and 10 mm pitch. The operating nut takes the axial load of 400 N on a flat surface
of 60 mmand 90 mminternal and external diametersrespectively. If the coefficient of frictionis0.15
for all contact surfaces on the nut, determine the power required to rotate the operating nut when the
cutting speed is 6 m/min. Also find the efficiency of the screw.

Solution. Given : d, =55 mm; p =10 mm = 0.01 m; W =400 N; D, = 60 mm or
R,=30mm;D,=90mm or R, =45mm; u=tan¢ =p, =0.15; Cutting speed =6 m/ min
Power required to operate the nut

We know that the mean diameter of the screw,

d =d,—p/2=55-10/2=50mm

p 10

tanot = — = ———— =0.0637
nd mwx50

and force required at the circumference of the screw,

[ tano+tan ¢
P:Wtan(a+¢)_w{l—tanoctan¢}

=50r.p.m.

— 400 0.0637 + 0.15 }=86.4 N

1- 0.0637 x 0.15
We know that mean radius of the flat surface,

R+R _45+30
2 2

R = =37.5mm

.. Total torque required,

T=P x%+ulw R=86.4><%+ 0.15x 400 x 37.5 N-mm
= 4410 N-mm = 4.41 N-m

We know that speed of the screw,
= CuturTg speed = 6 =600 r.p.m
Pitch 0.01
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and angular speed, o =2ntN/60=2rx600/60=6284rad/s
.. Power required to operate the nut
= T.w=4.41x6284=277W =0.277 kW Ans.
Efficiency of the screw

We know that the efficiency of the screw,

_To _Wtanaxd/2 400x 0.0637 x 50/2
T T - 4410
0.144  or 14.4% Ans.

Example 17.4. 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 alever which is400 mmlong 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 103N ; D, = 250 mm
orR; =125mm;D,=100mmor R,=50mm; =400 mm;u=tan ¢ =0.15; u, =0.20
Forcerequired at the end of lever

Let P = Forcerequired at the end of lever.

Since the screw isatwo start square threaded screw, therefore lead of the screw

=2p=2%x20=40mm

We k that t _L__ 40
e xnow N="rd T Tx 100

=0.127

1. For raising theload
We know that tangential force required at the circumference of the screw,
tan o + tan ¢
1-tan o tan qj
0.127 + 0.15
1-0.127x0.15

p:Wtan(oc+¢):W{

=18><103[ }=5083N

and mean radius of the collar,
R+R 125+50

2 2
. Total torque required at the end of lever,

R= =87.5mm

T= Px%+u1WR

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

We know that torque required at the end of lever (T),
569150=P; 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,

tan ¢ — tan o
1+ tan ¢ tan oc}
0.15 - 0.127

1+ 0.15x0.127

p=Wtan(¢—cx)=W[

:18><103[ }:406.3N
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and the total torque required the end of lever,
T

Px%+u1WR

406.3 x 1;;0 +0.20 x 18 x 10° x 87.5 = 335 315 N-mm

We know that torque required at the end of lever ( T),
335315 =P, xI=P,; x400 or P, =335315/400=838.3N Ans.

Example 17.5. The mean diameter of the square threaded screw having pitch of 10 mmis
50 mm. Aload of 20 kN islifted through a distance of 170 mm. Find the work done in lifting the load
and the efficiency of the screw, when

1. Theload rotates with the screw, and

2. Theload rests on the loose head which does not rotate with the screw.

Theexternal andinternal diameter of the bearing surface of theloose head are 60 mmand 10 mm
respectively. The coefficient of friction for the screw and the bearing surface may be taken as 0.08.

Solution. Given: p =10 mm; d =50 mm; W =20 kN = 20 x 10* N ; D, = 60 mm or
R,=30mm;D,=10mmor R,=5mm;u=tan¢ =u, =0.08

p 10
= —= = 0.0637
We know that tano = 4 T x50
-. Forcerequired at the circumference of the screw to lift the load,
P =Wtan (0+¢) =W tfano+tand
1-tano tan ¢
_ 20x10° 0.0637 + 0.08 | _ 2890 N
1-0.0673x 0.08

and torque required to overcome friction at the screw,
T =Pxd/2=2890x50/2=72250N-mm=72.25N-m
Since the load is lifted through a vertical distance of 170 mm and the distance moved by the
screw in onerotation is 10 mm (equal to pitch), therefore number of rotations made by the screw,
N =170/10=17
1. When theload rotates with the screw
We know that workdone in lifting the load
=Tx2nN=7225% 2t x 17 =7718 N-m Ans.
and efficiency of the screw,

tano  tan o (1- tan o tan ¢)
n :tan((x+¢) tan o + tan ¢
0.0637 (1 - 0.0637 x 0.08)

_ = 0.441 or 44.1%
= 0.0637 + 0.08 ° Ans

2. When the load does not rotate with the screw

We know that mean radius of the bearing surface,
R = R1+2R2 =302+5=17.5mm
and torque required to overcome friction at the screw and the collar,

T = Px%+p1WR
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= 2890 x 5—20 +0.08x 20 x 10° x 17.5 = 100 250 N-mm

= 100.25 N-m
.. Workdone by the torquein lifting the load
=Tx2r N=100.25x% 2 x 17 =10 710 N-m Ans.
We know that torque required to lift the load, neglecting friction,
Ty = Pyxd/2=Wtanoxd/2 .. ( P,=Wtan o)
=20 x 10° x 0.0637 x 50/ 2 = 31 850 N-mm = 31.85 N-m
.. Efficiency of the screw,
_ T, 3185
T T 10025
17.8 Efficiency Vs Helix Angle
We have seeninArt. 17.6 that the efficiency of asgquare threaded screw depends upon the helix
angle o and thefriction angle ¢. The variation of efficiency of asquarethreaded screw for raising the
load with the helix angle acisshown in Fig. 17.5. We see that the efficiency of asquarethreaded screw

increases rapidly upto helix angle of 20°, after which theincreasein efficiency isslow. Theefficiency
is maximum for helix angle between 40 to 45°.

=0.318 or 31.8% Ans.

—_
(=3
(=}

/1/

— Efficiency, percent —»
B W
(=R )
I
N

10 20 30 40 50 60 70 80
— Helix angle (a°) —>
Fig. 17.5. Graph between efficiency and helix angle.
When the helix angle further increases say 70°, the efficiency drops. Thisisdueto the fact that

the normal thread force becomeslarge and thus theforce of friction and the work of friction becomes
large as compared with the useful work. Thisresultsin low efficiency.

17.9 Over Hauling and Self Locking Screws

We have seeninArt. 17.5 that the effort required at the circumference of the screw to lower the
load is

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

d d
=Px—=—=Wtan (¢ - o) =
T=PxZ -0

In the above expression, if ¢ < o, 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
conditionisknown asover hauling of screws. If however, ¢ > o, thetorquerequired to lower theload
will be positive, indicating that an effort is applied to lower the load. Such a screw is known as
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Mechanical power screw driver

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 anglei.e. i or tan ¢ > tan o..

17.10 Efficiency of Self Locking Screws
We know that the efficiency of screw,
tan ¢

’n s —_—
tan (o + 0)
and for self locking screws, ¢ > o or o < ¢.

.. Efficiency for self locking screws,
tng _ tan¢ _tan ¢ (1-tan® ¢) _1otan?y

tan (o +¢) tan 20 2tan ¢ ) 2

2tan ¢
o tan2¢p = ——
( ;o 1—tan2¢]

n<

1
From this expression we see that efficiency of self locking screwsislessthan 5 or 50%. If the

efficiency is more than 50%, then the screw is said to be overhauling.
Note: It can be proved asfollows:

Let W = Load to be lifted, and
h = Distance through which the load is lifted.
Output = Wh
Output _ W.h
and Input = n n

-.Work lost in overcoming friction

= Input — Output = wh —W.h=W.nh [1 _ 1}
n n

For self locking,
w.h(1 —1j <W.h

il
1—131 or nsl or 50%
n 2
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17.11 Coefficient of Friction

The coefficient of friction depends upon various factors like * material of screw and nut, work-
manship in cutting screw, quality of lubrication, unit bearing pressure and the rubbing speeds. The
value of coefficient of friction does not vary much with different combination of material, load or
rubbing speed, except under starting conditions. The coefficient of friction, with good lubrication and
average workmanship, may be assumed between 0.10 and 0.15. The various valuesfor coefficient of
frictionfor steel screw and cast iron or bronze nut, under different conditions are showninthefollow-
ing table.

Table 17.5. Coefficient of friction under different conditions.

SNo. Condition Average coefficient of friction
Sarting Running

1. High grade materials and workmanship 0.14 0.10
and best running conditions.

2. Average quality of materials and workmanship 0.18 0.13
and average running conditions.

& Poor workmanship or very slow and in frequent motion 0.21 0.15
with indifferent lubrication or newly machined surface.

If the thrust collars are used, the values of coefficient of friction may be taken as shown in the
followingtable.

Table 17.6. Coefficient of friction when thrust collars are used.

SNo. Materials Average coefficient of friction
Sarting Running
1. Soft steel on cast iron 0.17 0.12
2. Hardened steel on cast iron 0.15 0.09
3. Soft steel on bronze 0.10 0.08
4, Hardened steel on bronze 0.08 0.06

17.12 Acme or Trapezoidal Threads

We know that the normal reaction in case of a square

threaded screw is
Ry =Wcosa,
where o isthe helix angle.

But in case of Acme or trapezoidal thread, the normal re-
action between the screw and nut isincreased because the axial
component of this normal reaction must be equal to the axial
load (W ).

Consider an Acme or trapezoidal thread as shown in
Fig. 17.6.

Let **2B = Angle of the Acme thread, and

B = Semi-angle of the thread.
*  Themateria of screw isusually steel and the nut ismade of cast iron, gun metal, phosphor bronzein order
to keep the wear to a mininum.

**  For Acmethreads, 2 B = 29°, and for trapezoidal threads, 2 § = 30°.

Fig. 17.6. Acme or trapeonidal threads.
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W
Ry = cosf
icti Ry = X—W =W
and frictional force, F=W0Ry=H cos B R
where u/cosP = p,, knownasvirtual coefficient of friction.
Notes: 1. When coefficient of friction, u, = HB isconsidered, then the Acmethread is equivalent to asquare
cos

thread.
2. All equations of square threaded screw aso hold good for Acme threads. In case of Acme threads, .,
(i.e. tan ¢;) may be substituted in place of p (i.e. tan ¢). Thus for Acme threads,
P = Wtan (o + ¢,)
where ¢, = Virtual friction angle, and tan ¢, = ;.
Example 17.6. Thelead 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 drivethetool carriage. The
thrustiscarried on acollar 110 mmoutside diameter and 55 mminside 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=8mm; W=2500N; D, =110 mmor R, = 55 mm;
D,=55mmorR,=27.5mm;N=30rp.m.;u=tan¢=0.15; u,=0.12
(a) Power required to drive the screw
We know that mean diameter of the screw,
d=d,—p/2=50-8/2=46mm
- P__8 _oms
nd mwx46
Since the angle for Acme threads is 2B = 29° or § = 14.5°, therefore virtual coefficient of
friction,

tano =

pu 015 015
cosp cosl4.5° 0.9681
We know that the force required to overcome friction at the screw,

tan o + tan ¢y
1-tan o ten ¢

=0.155

P

Wta1((x+¢1)=W{

0.055 + 0.155
1-0.055x 0.155

2500{ }:530 N

and torque required to overcome friction at the screw.
T, =Pxd/2=530%46/2=12190 N-mm
We know that mean radius of collar,

R = R+R _55+275 — 41.95 mm
2 2
Assuming uniform wear, the torque required to overcomefriction at collars,
T, =, WR=0.12 x 2500 x 41.25 = 12 375 N-mm

.. Total torque required to overcome friction,
T=T,+T,=12190+ 12 375 = 24 565 N-mm = 24.565 N-m
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We know that power required to drive the screw
_Tx2mN 24565x2mx30
60 60

=Tw

=77TW =0.077kW  Ans.

.. (0 @=2nN/60)
(b) Efficiency of the lead screw
We know that the torque required to drive the screw with no friction,

T, = W tan o x % = 2500 x 0.055><476 = 3163 N-mm = 3,163 N-m

.. Efficiency of the lead screw,
_ T, 3163

T 24565

17.13 Stresses in Power Screws

A power screw must have adequate strength to withstand axial load and the applied torque.
Following types of stresses are induced in the screw.

1. Direct tensile or compressive stress due to an axial load. 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 (A,) i.e. area corresponding to minor or core diameter (d,).

.. Direct stress (tensile or compressive)
w

=0.13 or 13% Ans.

Thisisonly applicable v'voﬁen the axial load is compressive and the unsupported length of the
screw between theload and the nut is short. But when the screw isaxially loaded in compression and
the unsupported length of the screw between the load and the nut istoo great, then the design must be
based on column theory assuming suitable end conditions. In such cases, the cross-sectional area
corresponding to core diameter may be obtained by using Rankine-Gordon formulaor J.B. Johnson’'s
formula. According to this,

2

o L

S
W, = A y{ 4CT?E k}

_Ww 1
G, = ,% 1_6)’(Lj2
4cn® E\K
where W, = Critical load,

o, = Yield stress,
L = Length of screw,
k = Least radius of gyration,
C = End-fixity coefficient,
E = Modulus of elasticity, and
o, = Stressinduced dueto load W.
Note: Inactual practice, the core diameter isfirst obtained by considering the screw under simple compression
and then checked for critical load or buckling load for stability of the screw.
2. Torsional shear stress. Sincethe screw is subjected to atwisting moment, therefore torsional
shear stressisinduced. Thisis obtained by considering the minimum cross-section of the screw. We
know that torque transmitted by the screw,

n 3
[ = —X d
16 T( C)
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or shear stressinduced,
16T

n(d.)?

When the screw issuBJ)ected to both direct stress and torsional shear stress, then the design must
be based on maximum shear stress theory, according to which maximum shear stress on the minor
diameter section,

T = %\/(Gt oro.) +41°

max

It may be noted that when the unsupported length of the screw is short, then failure will take
place when the maximum shear stressis equal to the shear yield strength of the material. In this case,
shear yield strength,

Ty = T X Factor of safety

3. Shear stress due to axial load. 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.
Assuming that the load is uniformly distributed over the
threads in contact, we have

Shear stress for screw,

. _ W
(screw) mn.dg.t
and shear stressfor nut,
T - L Friction between the threads of screw
(nut) nn.d,.t and nut plays important role in
where W = Axia load on the screw, determining the efficiency and locking
n = Number of threads in engagement, properties of a screw
d, = Coreor root diameter of the screw,
d, = Outside or mgjor diameter of nut or screw, and

t Thickness or width of thread.

4. Bearing pressure. In order to reduce wear of the screw and nut, the bearing pressure on the
thread surfaces must be within limits. 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
[ubrication. Assuming that the load is uniformly distributed over the threadsin contact, the bearing
pressure on the threadsis given by

w W
n S md.t.
4 L@ = (doy?]n TEED
where d Mean diameter of screw,

t = Thickness or width of screw =p/ 2, and
n = Number of threadsin contact with the nut

P, =

Height of thenut h

Pitch of threads p

Therefore, from the above expression, the height of nut or the length of thread engagement of
the screw and nut may be obtained.

Thefollowing table shows some limiting val ues of bearing pressures.

(d,))* = (dy)* _d, +d, o —de _
4 2 2

*  Weknow that dx—==dit

N o
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Table 17.7. Limiting values of bearing pressures.

Application of Material Safe bearing pressure Rubbing speed at
screw in N/mmn? thread pitch
Screw Nut diameter
1. Hand press Steel Bronze 175-245 Low speed, well
lubricated
2. Screw jack Steel Cast iron 126-175 Low speed
<24m/min
Steel Bronze 11.2-175 Low speed
<3m/min
3. Hoisting screw Steel Cast iron 42-7.0 Medium speed
6—12m/ min
Steel Bronze 56-9.8 Medium speed
6—12m/ min
4. Lead screw Steel Bronze 105-17 High speed
>15m/min

Example 17.7. Apower screw having double start square threads of 25 mm nominal diameter
and 5 mm pitch is acted upon by an axial load of 10 kN. The outer and inner diameters of screw
collar are 50 mm and 20 mm respectively. The coefficient of thread friction and collar friction may
be assumed as 0.2 and 0.15 respectively. The screw rotates at 12 r.p.m. Assuming uniform wear
condition at the collar and allowable thread bearing pressure of 5.8 N/mm?, find: 1. the torque
required torotatethe screw; 2. the stressin the screw; and 3. the number of threads of nut in engagement
with screw.

Solution. Given: d, =25 mm; p=5mm; W= 10 kN = 10 x 108 N; D, = 50 mm or
R, =25mm;D,=20mmorR,=10mm ;u=tan¢=0.2;u, =0.15;N=12r.p.m. ; pb:5.8N/mm2
1. Torque required to rotate the screw

We know that mean diameter of the screw,

d=d,—p/2=25-5/2=225mm

Since the screw is adouble start square threaded screw, therefore lead of the screw,

=2p=2x5=10mm

Leed 10

tano = =— " =01414
nd 7w x225
We know that tangential force required at the circumference of the screw,
P=Wtan (o+0) =W tana+tan¢
1-tan o tan ¢
_10x10? | 0144+ 02 | ooy
1-01414%x0.2

and mean radius of the screw collar,

R = Rl;R2=25—£10=175
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.. Total torque required to rotate the screw,

T= Px%+u1W R=3513x%+o.15><10><103x17.5 N-mm

= 65771 N-mm = 65.771 N-m Ans.
2. Stressin the screw
We know that the inner diameter or core diameter of the screw,
d, =d,—p=25-5=20mm
.. Corresponding cross-sectional area of the screw,
A, :g (d.)? = g (20)? = 314.2 mm?
We know that direct stress,
W 10x10°

% T A 3142

16T 16x65771
n(d,)? n(20)°
We know that maximum shear stressin the screw,

= 31.83 N/mm?

and shear stress, T = = 41.86 N/mm?

A
1

% J(©0)? + 47 =% J(31.83)? + 4(41.86)°

= 44.8 N/mm? = 44.8 MPa Ans.

3. Number of threads of nut in engagement with screw
Let n = Number of threads of nut in engagement with screw, and
t = Thickness of threads=p/2=5/2=25mm
We know that bearing pressure on the threads (p,),

cgl W _ 10x10° 566
T mdxtxn wx225x25xn n
n =56.6/58=9.76say 10 Ans.

Example 17.8. The screw of a shaft straightener exerts aload of 30 kN as shown in Fig. 17.7.
The screw is square threaded of outside diameter 75 mm and 6 mm pitch. Determine:

1. Force required at the rim of a 300 mm diameter hand wheel, assuming the coefficient of
friction for the threads as 0.12;

2. Maximum compressive stress in the screw, bearing pressure on the threads and maximum
shear stressin threads; and

3. Efficiency of the straightner.
Solution. Given : W=30kN =30 x 103 N; d, =75 mm; p =6 mm; D = 300 mm;
u=tan¢$=0.12

1. Forcerequired at therim of handwheel
Let P, = Forcerequired at the rim of handwheel.
We know that the inner diameter or core diameter of the screw,
d,=d,—p=75-6 =69 mm
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Mean diameter of the screw, | e Hand wheel
[ ——
i = d, +d, =75+ 69 e Screw
2 2 Nut —\

=72mm T

_p_ 6
and ane = T T ax72 4

= 0.0265

.. Torquerequired to overcomefriction at the threads,

T= ng
2

—_
w
[}

:Wtan(oc+¢)%

_ tano +tan o \ d
=w| =¥ | = AR
l-tanotan¢) 2 e

100 re—
30 10° ( 0.0265 + 0.12 ) 72 150 400 —»|

1-0.0265%x0.12) 2 All dimensionsin mm

— 158 728 N-mm Fig. 17.7

We know that the torque required at the rim of handwheel (T),

D 300

158728 = Rx - =R x=-=150R

o P, =158 728/ 150 = 1058 N Ans.
2. Maximum compressive stressin the screw
We know that maximum compressive stress in the screw,

W W 30x10°
.= > =

B T
SEEACO I CO
Bearing pressure on the threads

We know that number of threads in contact with the nut,

=8.02 N/mm? = 8.02 MPa Ans.

n= —Haght of nut = 150 = 25 threads
Pitch of threads 6

and thickness of threads,t = p/2=6/2=3mm
We know that bearing pressure on the threads,
w 30x10°

P, = = =1.77 N/mm? Ans.
nd.t.n wxX72x3x25

Maximum shear stressin thethreads
We know that shear stressin the threads,

16T  16x158728

= 3= T = 2.46 N/mm? Ans.
m(d;) 7 (69)

T

*  The mean diameter of the screw (d ) isalso given by
d=d,—p/2=75-6/2=72mm
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.. Maximum shear stressin the threads,

. = %\/(GC)Z rar?= %\/(8.02)2 + 4 (2.46)°

=47 N/mm? =47 MPa Ans.
3. Efficiency of the straightener

We know that the torque required with no friction,
Ty = W tan (xx%: 30 x 10°% x 0.0265><7—22 = 28 620 N-mm
.. Efficiency of the straightener,

_ T, 28620

T 158728

Example 17.9. Adluice gateweighing 18 kN israised and |owered by means of square threaded
screws, as shown in Fig. 17.8. Thefrictional resistance induced by water pressure against the gate
when it isin itslowest position is 4000 N.

The outside diameter of the screw is 60 mmand pitchis 10 mm. The outside and inside diameter
of washer is150 mmand 50 mmrespectively. The coefficient
of friction between the screw and nut is 0.1 and for the
washer and seat is0.12. Find :

1. The maximum force to be exerted at the ends of
thelever raising and lowering the gate,2. Efficiency of the
arrangement, and 3. Number of threads and height of nut,
for an allowable bearing pressure of 7 N/mm?.

Solution. Given: W, = 18 kN = 18 000 N ;
F=4000N ;d,=60mm;p=10mm;D, =150 mmor R,
=75 mm; D, =50 mmor R, =25 mm; u = tan ¢
=0.1;u,=0.12; p, =7 N/mm?

1. Maximum force to be exerted at the ends of lever

Let P, = Maximum force exerted at

each end of thelever 1 m
(1000 mm) long.

We know that inner diameter or core diameter of the

screw,

=0.18 or 18% Ans.

Thrust
— washer

d, =d,—p=60-10=50mm
Mean diameter of the screw,
d, +d, 60+50
2 2
10

P = 0.058
nd mwx55

d= 55 mm

and tan o

(a) For raising the gate
Sincethefrictional resistance actsin the opposite direction to the motion of screw, thereforefor
raising the gate, the frictional resistance ( F ) will act downwards.
.. Total load acting on the screw,
W =W, + F =18 000 + 4000 = 22 000 N
and torque required to overcome friction at the screw,
T, = Px3-wtan (a+¢)9=w[—ta”°°+tm¢ jﬂ
2 2 l-tanotan¢) 2
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— 2 OOO( 0.058 + 0.1 J 55

————— | — =96148 N-mm
1-0058x01) 2

Mean radius of washer,
R = R+R 75+25

= =50 mm
2 2

-~ Torque required to overcome friction at the washer,
T, =, WR=0.12 x 22 000 x 50 = 132 000 N-mm
and total torque required to overcome friction,
T=T,+T,=96148 + 132 000 = 228 148 N-mm
We know that the torque required at the end of lever (T),
228 148 = 2P, x Length of lever = 2P, x 1000 = 2000 P,
- P, =228 148/2000=141.1N Ans.
(b) For lowering the gate
Since the gate is being lowered, therefore the frictional resistance (F) will act upwards,
.. Total load acting on the screw,
W =W, —F =18 000 —4000 = 14 000 N
We know that torque required to overcome friction at the screw,
tanp—tano \ d
)2

T, P><9=Wtan(¢—oc)9=w
2 2 1+tan ¢ tan o

14000 22= 0058 135 _ 4677 N.mm
1+0.1x0058) 2

and torque required to overcome friction at the washer,
T, =, WR=0.12 x 14 000 x 50 = 84 000 N-mm
.. Total torque required to overcome friction,
T=T,+T,=16077 + 84 000 = 100 077 N-mm
We know that the torque required at the end of lever (T),
100 077 = 2P, x 1000 = 2000 P, or P, =100 077/2000=50.04 N Ans.

2. Efficiency of the arrangement

We know that the torque required for raising the load, with no friction,

Ty = Wtanotx%=22000><0.058><5—25=35090 N-mm

-. Efficiency of the arrangement,

= Jo_ 3500 6150 o 154%  Ans
T 228148
3. Number of threads and height of nut
Let n = Number of threadsin contact with the nut,

h = Height of nut =n x p, and
t = Thickness of thread=p/2=10/2=5mm.
We know that the bearing pressure ( p,),
o w 22000 2546
7= Zdin mx5x5xn_ 1
n = 2546/ 7 = 3.64 say 4 threads Ans.

and h=nxp=4x10=40mm Ans.
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Example 17.10. The screw, as shown in Fig. 17.9 is operated by a torque applied to the lower
end. The nut isloaded and prevented from turning by guides. Assume friction in the ball bearing to
be negligible. The screw isatriple start trapezoidal thread. The outside
diameter of the screw is 48 mm and pitch is 8 mm. The coefficient of w
friction of the threadsis 0.15. Find : i

1. Load which can be raised by a torque of 40 N-m; I
2. Whether the screw is overhauling ; and

3. Average bearing pressure between the screw and nut thread |
surface.

Solution. Given : d; =48 mm; p=8mm; u = tan ¢ = 0.15;
T =40 N-m =40 000 N-mm
1. Load which can beraised
Let W = Load which can be raised. 7] OI
We know that mean diameter of the screw,
d=d,—-p/2=48-8/2=44mm T J[%>
Since the screw isatriple start, therefore lead of the screw
=3p=3x8=24mm Fig. 17.9
Leed 24

_— = =0.174
nd T X 44

and virtual coefficient of friction,

w

m
50 mm

T

7

o)

71— - AT

tano =

W 015 _ 015

cosf cos15° 0.9659
... (" For trapezoidal threads, 2 § = 30°)

=0.155

We know that the torque required to raise the load,

T=pPxdwtn(@+o) Low| 2t ENG 1d
2 2 l1-tanotan ¢, |2

— =7.436W
1-0.174%x0.155) 2
o W = 40000/ 7.436 = 5380 NAnNs.
2. Whether the screw isoverhauling

We know that torque required to lower the load,

40000 = W[ 0.174 + 0.155 J 44

T:Wtan(q)l—oc)%

WehavediscussedinArt. 17.9 that if ¢, islessthan o, then thetorque required to lower theload
will benegative, i.e. theload will start moving downward without the application of any torque. Such
acondition isknown as overhauling of screws.

Inthe present case, tan ¢, = 0.155 and tan o. = 0.174. Since ¢, islessthan o, therefore the screw
isoverhauling. Ans.

3. Average bearing pressure between the screw and nut thread surfaces
We know that height of the nut,
h =nxp=50mm ...(Given)
-~. Number of threadsin contact,
n=h/p=50/8=6.25
and thickness of thread, t = p/2=8/2=4mm
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We know that the average bearing pressure,
w 5380

Po = Tdtn nx44x4x625

Example 17.11. A C-clamp, as shown in Fig. 17.10, has
trapezoidal threads of 12 mm outside diameter and 2 mm pitch. The
coefficient of friction for screw threadsis0.12 and for the collar is
0.25. The mean radius of the collar is 6 mm. If the force exerted by
the operator at the end of the handleis 80 N, find: 1. The length of
handle; 2. The maximum shear stress in the body of the screw and
where does this exist; and 3. The bearing pressure on the threads.

Solution. Given:d,=12mm;p=2mm;u=tan$=0.12;
u,=025;R=6mm;P, =80N; W=4kN =4000N
1. Length of handle

=1.56 N/mm? Ans,

Let | = Length of handle.
We know that the mean diameter of the screw, All dimensions in mm.
2 = 0.058

@no = pd  wxil
Since the angle for trapezoidal threads is 2 = 30° or = 15°, therefore virtual coefficient of
friction,
w, = tan¢, = B _ 0'120 _ 0Lz _ 0.124
cosp cos15° 0.9659
We know that the torque required to overcome friction at the screw,
tan o + tan ¢, j d
2

1-tan o tan ¢;

T, = Px%:Wtan(oc+¢l)%:W(

_ 4000( 0.058 + 0.124 j 11

— = 4033 N-mm
1-0.058x0.124 ) 2

Assuming uniform wear, the torque required to overcome friction at the collar,
T, = u, WR=0.25x 4000 x 6 = 6000 N-mm
.. Total torque required at the end of handle,
T =T,+T,=4033+ 6000 =10 033 N-mm
We know that the torque required at the end of handle ( T),
10033 =P, x1=80x| or 1=10033/80=125.4 mmAns.
2. Maximum shear stressin the body of the screw

Consider two sections A-A and B-B. The section A-A just above the nut, is subjected to torque
and bending. The section B-B just below the nut is subjected to collar friction torque and direct
compressive load. Thus, both the sections must be checked for maximum shear stress.

Considering section A-A
We know that the core diameter of the screw,
d,=d,-p=12-2=10mm
and torque transmitted at A-A,

n 3
=—X d
6 T (d¢)
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16T  16x10033
n(d.)® nx10®
Bending moment at A-A,
M =P, x 150 = 80 x 150 = 12 000 N-mm

T x 6y (do)?

= X Gb
32
32M  32x12000
m (d,)® m (10)°
We know that the maximum shear stress,

1 1
T = 5 J(6,)? + 41% = > J(122.2)2 + 4(51.1)% = 79.65 N/mm?

= 79.65 MPa
Considering section B-B
Since the section B-B is subjected to collar friction torque (T,), therefore the shear stress,
- 16T23 _16x 6020 — 30,6 N/mm?
w (d;) 7t x 10
and direct compressive stress,
W

A

. Maximum shear stress,
1

max

Shear stress, T = = 51.1 N/mm?

. Bending stress, 6, = =122.2 N/mm?

AW 4x 4000

s = =51 N/mm?
n(d;) 7t x 10

G, =

1
1 J©)? + 412 = > J(B1)? + 4(30.6)2 = 39.83 N/mm?=39.83MPa

From above, we see that the maximum shear stress is 79.65 MPa and occurs at section
A-A. Ans.
3. Bearing pressure on the threads
We know that height of the nut,
h=nxp=25mm
*. Number of threadsin contact,
n=h/p=25/2=125
and thickness of threads,t =p/2=2/2=1mm
We know that bearing pressure on the threads,
W 4000
T mdtn  mx11x1x125
Example 17.12. A power transmission screw of a screw pressisrequired to transmit maximum
load of 100 kN and rotates at 60 r.p.m. Trapezoidal threads are as under :

...(Given)

B, =9.26 N/mm’ Ans.

Nominal dia, mm 40 50 60 70
Core dia, mm 325 415 50.5 59.5
Mean dia, mm 36.5 46 55.5 65
Core area, mn? 830 1353 2003 2781
Pitch, mm 7 8 9 10

The screw thread friction coefficient is 0.12. Torque required for collar friction and journal
bearing is about 10% of the torque to drive the load considering screw friction. Determine screw
dimensions and its efficiency. Also determine motor power required to drive the screw. Maximum
permissible compressive stressin screw is 100 MPa.
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Solution. Given : W= 100 kN = 100 x 103N ;
N=60rpm.;pu=0.12;c,= 100 MPa= 100 N/mm?
Dimensions of the screw

Let A, = Coreareaof threads.

We know that the direct compressive stress (6,),

3
100 = W _100x10
A A
or A, =100 x 10° /100 = 1000 mm?

Since the core area is 1000 mm?, therefore we
shall use the following dimensions for the screw (for
core area 1353 mm?).

Nominal diameter, d, =50 mm ;

Core diameter, d,=41.5mm;

Mean diameter, d=46mm;

Pitch, p=8mm. Ans.
Efficiency of the screw

8 This screw press was made in 1735 and
_ b _ _ installed in the Segovia Mint to strike a new
Weknow that tan o = rd Tx46 0.055 series of coper coins which began in 1772,
This press is presently on display in the Alcazar
castle of Segovia.

and virtual coefficient of friction,

i 0.12
fa e cosPB cos15°
0.12 .
= =0.124 ... (. For trapezoidal threads, 23 = 30°)
0.9659

.. Forcerequired at the circumference of the screw,
tan o + tan ¢, }

P=W tan (o + =W
(0 0) L—tanoctantpl

0.055 + 0.124
1-0.055%x0.124

:100><103[ }=18023N

and the torque required to drive the load,
T, =Pxd/2=18023 x 46/ 2 = 414 530 N-mm
We know that the torque required for collar friction,
T,=10%T, = 0.1 x 414 530 = 41 453 N-mm
.. Total torque required,
T =T, +T,=414530 + 41 453 = 455 983 N-mm = 455.983 N-m

We know that the torque required with no friction,

T,=Wtan o x % =100x 10 x 0.055 x 4—26 =126 500 N-mm

.. Efficiency of the screw,

To _ 126500 _ 070 o 27.89% Ans.

N T T 55083
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Power required to drive the screw
We know that the power required to drive the screw,

_ TXO)=T><275N =455.683><21t><60=2865W
60 60

= 2.865 kW Ans.

Example 17.13. A vertical two start square threaded screw of 200 mm mean diameter and 20
mm pitch supports a vertical load of 18 kN. The nut of the screw isfitted in the hub of a gear wheel
having 80 teeth which meshes with a pinion of 20 teeth. The mechanical efficiency of the pinion and
gear wheel drive is 90 percent. The axial thrust on the screw is taken by a collar bearing 250 mm
outside diameter and 100 mm inside diameter. Assuming uniform pressure conditions, find, mini-
mumdiameter of pinion shaft and height of nut, when coefficient of friction for the vertical screw and
nut is 0.15 and that for the collar bearing is 0.20. The permissible shear stressin the shaft material
is 56 MPa and allowable bearing pressure is 1.4 N/me.

Solution. Given : d=100mm; p=20mm ; W= 18 kN = 18 x 10°N ; No. of teeth on gear whee!
=80; No. of teethonpinion=20; 1, =90%=0.9; D, =250 mmor R, = 125mm ; D, = 100 mm or
R,=50mm;u=tan¢ =0.15; p, =0.20 ; T = 56 MPa= 56 N/mm?; p, = 1.4 N/mm?

Minimum diameter of pinion shaft
Let D = Minimum diameter of pinion shaft.
Since the screw isatwo start square threaded screw, therefore lead of the screw
=2p=2x%x20=40mm
Led -4 0.127
nd  ®x100

and torque required to overcome friction at the screw and nut,

tano =

T

. PX%ZWtan((X-F(P)%:W(ij

l-tanotan¢) 2
= 254160 N-mm

0.127 + 0.15 j 100

18x10° | ——=— ——~_
1-0127x015) 2
= 254.16 N-m
We know that, for uniform pressure conditions, torque required to overcome friction at the
collar bearing,

(R)® - (RZ)T
(R)? - (R)?

(125)® - (50)°
(125)? — (50)2
= 334290 N-mm = 334.29 N-m

Sincethe nut of the screw isfixed in the hub of agear wheel, therefore the total torque required
at the gear whesl,

2
5 = §X|.L1W|:

%x 0.20><18><103{ }N-mm

T, =T, +T,=254.16 + 334.29 = 588.45 N-m
Also the gear wheel having 80 teeth meshes with pinion having 20 teeth and the torque is
proportional to the number of teeth, therefore torque required at the pinion shaft,

_T,%x20

= 588.45 x % =147.11 N-m
Sincethe mechanicd efficiency of the pinion and gear wheel is90%, therefore net torquerequired
at the pinion shaft,
T - 147.11 x 100
P 90

=163.46 N—m =163 460 N-mm
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We know that the torque required at the pinion shaft (Tp),

163460 = = x tx D% =~ x56x D3 =11 D3
16 16
D3 =163460/11=14860 or D =24.6say 25mm Ans.

Height of nut
Let h = Height of nut,
n = Number of threadsin contact, and
t = Thickness or width of thread = p/2=20/2=10 mm
We know that the bearing pressure ( p,),

w 18x10° 573

L4 = din Tx100x10xn 1

n =573/1.4=4.09 say 5 threads
and height of nut, h =nxp=5x20=100 mm Ans.

Example 17.14. Ascrew pressisto exert a force of 40 kN. The unsupported length of the screw
is400 mm. Nominal diameter of screw is 50 mm. The screw has square threadswith pitch equal to 10
mm. The material of the screw and nut are medium carbon steel and cast iron respectively. For the
steel used take ultimate crushing stress as 320 MPa, yield stress in tension or compression as 200
MPa and that in shear as 120 MPa. Allowable shear stress for cast iron is 20 MPa and allowable
bearing pressure between screw and nut is 12 N/mn?. Young's modulus for steel = 210 kN/mn?.
Determine the factor of safety of screw against failure. Find the dimensions of the nut. What is the
efficiency of the arrangement? Take coefficient of friction between steel and cast iron as 0.13.

Solution. Given: W=40kN =40x 103N ; L=400mm=0.4m;d,=50mm;p=10mm;
G, = 320 MPa = 320 N/mm?; o, = 200 MPa = 200 N/mm?; 1, = 120 MPa = 120 N/mm?;
T,= 20 MPa= 20 N/mm? ; p, = 12 N/mm? ; E = 210 kN/mm? = 210 x 103 N/mm?; p = tan ¢ = 0.13

We know that the inner diameter or core diameter of the screw,

d, =d,—p=50-10=40 mm
and core area of the screw,

A, = % (d,)? =g (40)2 = 1257 mm?
.. Direct compressive stress on the screw due to axial |oad,

W _40x10°
%= A~ 1257
We know that the mean diameter of the screw,
d, +d. 50+ 40

2 2
P _ 10 407
nd mwx45
.. Torque required to move the screw,

= 31.8 N/mm?

d= =45mm

and tano =

T

Px%:th(owcp)%:W[—tanOHtmq)}d

l-tanotan ¢ 2

= a0x10%| 207013 145 1q) 6510° N-mm
1-0.07x0.13]| 2
We know that torque transmitted by the screw (T ),
T 3 T 3
3 = —x1(d.)"=—x1(40)° =12568 1
1816 x 10° = 1o (dc) 6 (40)
T = 181.6 x 10%/12 568 = 14.45 N/mm?

Top



Contents

Power Screws ® 0657

According to maximum shear stress theory, we have

1 1
T = 5 J(©60)? + 417 = > J(318)? + 4 (14.45) = 215 N/mm?

Factor of safety

We know that factor of safety
T
- Y _ @ =558
Tax 215

Now considering the screw as a column, assuming one end fixed and other end free. According
to J.B. Johnson's formula, critical load,

2

o L

e -
W, = A y{ 4Cn2Ek}

For one end fixed and other end free, C = 0.25.

2
W, = 1257 x 200 {1— 200 (@j } N

4x0.25x 2 x 210x10° \ 10
(s k=d,/4=40/4=10mm)

= 212700 N
W, 212700
Factor of safety = W™ = 20x10° >

We shall take larger value of the factor of safety.
Factor of safety = 5.58 say 6 Ans.
Dimensions of the nut
Let n = Number of threadsin contact with nut, and
h = Height of nut=pxn
Assume that the load is uniformly distributed over the threadsin contact.
We know that the bearing pressure ( p,),

W _ 40 x 10° _ 566
L@ @) ]n T[(607 - @0 Jn "

. n =56.6/12=4.7 say 5 threads Ans.
and h=pxn=10x5=50mm Ans.

12 =

Now let us check for the shear stressinduced in the nut which is of cast iron. We know that
w 40x 10°

=10.2 N/mm? =10.2 MPa

Tou = nnd,t mx5x50x5
-0
(s t=p/2=10/2=5mm)

Thisvalueislessthan the given value of T, = 20 MPa, hence the nut is safe.
Efficiency of the arrangement
We know that torque required to move the screw with no friction,

T, = W tan (xx%:40x103><0.07x§:63x103 N-mm

.. Efficiency of the arrangement
3
= Lo B0 6347 0r 34.7% Ans
T 181.6x10
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17.14 Design of Screw Jack

A bottle screw jack for lifting loadsis shown in Fig. 17.11. The various parts of the screw jack
areasfollows:

Screwed spindle having square threaded screws,
Nut and collar for nut,
Head at the top of the screwed spindle for handle,
Cup at the top of head for the load, and
5. Body of the screw jack.
In order to design a screw jack for aload W, the following procedure may be adopted:

1. Firgtof all, findthe core diameter (d,) by considering that the screw isunder pure compression,
i.e

A owbdhpE

W = ch'%=6cxg(dc)2
The standard proportions of the square threaded screw are fixed from Table 17.1.

w
| Handle length |

"Fb_’
{

= A | | Bod

& | 1D, Y

%n — | ed, Screwed spindle
g

= — (]

Sy 0 &

~<—— Body height ————>

L>§|<—
S
#

~
o

A
~
\

Fig. 17.11. Screw jack.
2. Find the torque (T,) required to rotate the screw and find the shear stress (1) due to this

torque.
We know that the torque required to lift the load,
T, = Px%:Wtan (o + d) %
where P = Effort required at the circumference of the screw, and

d = Mean diameter of the screw.
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. Shear stressdue to torque T,
16T,

T =
n(d;)?
Also find direct compressive stres% (o,) dueto axial load, i.e.
w

GC = p 5
Z (dc)

. Find the principal stresses asfollows:

Maximum principal stress (tensile or compressive),

Oty = % [GC +4/(6.)% + 412J

and maximum shear stress,

Trox = %\/(GC)Z +41°

These stresses should be less than the permissible stresses.

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

o = w
" [ - @]
where n = Number of threadsin contact with screwed spindle.
-. Height of nut, h=nxp
where p = Pitch of threads.
. Check the stressessin the screw and nut asfollows:
w
Flarew) = 7T N0t
w

Tow = gt
where t = Thicknessof screw =p/2
. Find inner diameter (D,), outer diameter (D,) and thickness (t,) of the nut collar.

The inner diameter (D,) is found by considering the tearing strength of the nut. We know
that

W= % [(Dl)z - (do)z] Gt

The outer diameter (D,) isfound by considering the crushing strength of the nut collar. We
know that

W = g [(Dz)2 - (D1)2:| G
The thickness (t,) of the nut collar is found by considering the shearing strength of the nut
collar. We know that

W=nD,.t.1
. Fix the dimensions for the diameter of head (D) on the top of the screw and for the cup.
Teke D, = 1.75 d_. The seat for the cup is made equal to the diameter of head and it is
chamfered at thetop. The cup isfitted with apin of diameter D, = D,/ 4 approximately. This
pin remains aloosefit in the cup.
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8. Find the torque required (T,) to overcome friction at the top of screw. We know that

3 3
T = E X Wy W {M} ... (Assuming uniform pressure conditions)
2 3 (R)” - (Ry)
+
= W {Rg—ZRA} =1 WR ... (Assuming uniform wear conditions)
where R, = Radiusof head, and

R, = Radiusof pin.
9. Now thetotal torque to which the handle will be subjected is given by

T=T,+T,
Assuming that aperson can apply aforce of 300—400 N intermittently, the length of handle
required
=T/300

Thelength of handle may be fixed by giving some allowance for gripping.

10. Thediameter of handle (D) may be obtained by considering bending effects. We know that
bending moment,

T
M=§X0bXD3 w(ro,=0,0rc)
11. Theheight of head (H) isusually taken as twice the diameter of handle, i.e. H = 2D.

12. Now check the screw for buckling load.
Effective length or unsupported length of the screw,

1
L = Lift of screw + 5 Height of nut
We know that buckling or critical load,

2

o L

- Aoy |1- (L]
W = A y{ 4cn® E K }

where o, = Yield stress,

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

k = Radius of gyration=0.25d,

The buckling load as obtained by the above expression must be
higher than the load at which the screw is designed.

13. Fix the dimensionsfor the body of the screw jack.
14. Find efficiency of the screw jack.

Example 17.15. A screw jack isto 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 120 MPa. The material for nut is
phosphor-bronze for which the elastic limit may be taken as 100 MPain
tension, 90 MPa in compression and 80 MPa in shear. The bearing
pressure between the nut and the screw isnot to exceed 18 N/mn?. Design
and draw the screw jack. The design should include the design of 1.
screw, 2. nut, 3. handle and cup,and 4. body.

Screw jack
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Solution. Given : W =80 kN = 80 x 103N ; H, = 400 mm = 0.4 m; 6, = 6, = 200 MPa
=200 N/mm?; 1, = 120 MPa = 120 N/mm?; Oeypury = 100 MPa = 100 N/mm? ; ¢ =90 MPa
=90 N/mm?; Ty = 80 MPa= 80N/mm?; p, = 18 N/mm?

The various parts of ascrew jack are designed as discussed below:

1. Design of screw for spindle

ec (nut)

Let d, = Corediameter of the screw.
Since the screw is under compression, therefore load (W),
T 2 Ogc T 2 200 2
B = —(d,)  x—===(d,)"—=7855(d
80 x 10 4( c) FS 4( c) 2 ( c)
... (Taking factor of safety, F.S = 2)
(d.)> =80x10°%/7855=10185 or d ,=32mm

For square threads of normal series, the following dimensions of the screw are selected from
Table 17.2.
*Corediameter, d, = 38 mmAns.
Nominal or outside diameter of spindle,
d, =46 mmAns.
Pitch of threads, p = 8 mm Ans.
Now let us check for principal stresses:
We know that the mean diameter of screw,

d, +d, 46+38

d= =42 mm
2 2
p 8
= —= = 0.0606
and @ = g x4z
Assuming coefficient of friction between screw and nut,
u =tan¢$=0.14

.. Torquerequired to rotate the screw in the nut,

T

1

PX%=th(a+¢)%=W[tan(x+tan¢}<;

1-tan o tan ¢ 2

_ g0x10° | Q0006+0.14 142 _ 55, 10° N-mm
1-0.0606%x0.14 | 2
Now compressive stress due to axial load,
3
L - W ??Xlo = 70.53 N/mm?
AR e
and shear stress due to the torque,
3
16T, _16x340x10° _ 31.55 N/mm?

T= =
n(d;)° m (38)°
. Maximum principal stress (tensile or compressive),

Oy = % [o, + o) + 47 | = % 7053+ /(70532 + 4 (31.55)? |

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

*  FromTable 17.2, we see that next higher value of 32 mm for the core diameter is 33 mm. By taking d, = 33
mm, gives higher principal stresses than the permissible values. So core diameter is chosen as 38 mm.
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c . 200
The given value of 6, isequal to % le —= =100 N/mm?

We know that maximum shear stress,

= 07 + 47| =2 [ 70597 + 4 31897

% X 94.63 = 47.315 N/mm?

T

Te e 120 _ 60 N/mm?.
F.S. 2
Since these maximum stresses are within limits, therefore design of screw for spindleis safe.
2. Design for nut
Let n = Number of threadsin contact with the screwed spindle,
h = Height of nut =n x p, and
t = Thicknessof screw=p/2=8/2=4mm
Assume that the load is distributed uniformly over the cross-sectional area of nut.
We know that the bearing pressure ( p,),

w ~ 80 x 10° 1516
2l -@yIn 7 (467 —38)2]n D
. n = 151.6/18 =8.4 say 10 threads Ans.
and height of nut, h =nxp=10x8=80mm Ans.
Now, let us check the stresses induced in the screw and nut.
We know that shear stressin the screw,

W  80x10°
Yswe) = mwnd,.t wx10x38x4

The given value of T isequal to

18 =

=16.15 N/mm?

(o t=p/2=4mm)
and shear stressin the nut,
W  80x10°
Yow T g n.d,.t C mx10x46x 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

=13.84 N/mm?

n
w =210 - @) ]
80 x 10° = Z[(D)? - (48] 27 = 303 (0)? - 2116] [ o :%}
or (D,)2-2116 = 80 x 10°/ 39.3 = 2036

(D,)? = 2036 + 2116 = 4152 or D, =65mmAns.
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Now considering the crushing of the collar of the nut, we have

w=2[(0,)° - @)]o

80 x 10°

I [(D,)? - (65)?] D _ 353 [(D,)? - 4225] ...[cc = G‘”‘”“t)}
4 2 F.S
or (D,)2 - 4225 = 80 x 10° / 35.3 = 2266

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

Considering the shearing of the collar of the nut, we have
W=nD,xt x1

80 x 10°

T X 65X 1 X @ =8170t [r _ Te(nut):|
2 FS.

o t, = 80 x 108170 = 9.8 say 10 mm Ans.
3. Design for handle and cup

The diameter of the head (D) on the top of the screwed rod is usualy taken as 1.75 times the
outside diameter of the screw (d,).

D, = 1.75d,=1.75x 46 = 80.5 say 82 mm Ans.

The head is provided with two holes at the right 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 thetop. The cup preventstheload from rotating. The cup isfitted to the head with apin 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 = 50 mm Ans.
Thicknessof cup = 10 mm Ans.
Diameter at the top of cup = 160 mm Ans.
Now let usfind out the torque required (T,) to overcome friction at the top of the screw.
Assuming uniform pressure conditions, we have

3
Exul {(Rg) (R@}

(R)? — (Ry)?

) -(%)
2014x80x10° |2 2L_\2) ... (Assuming 1, = 1)
5 -%)
2 2
(41° - (10°
(4D? - (10)?
-. Total torque to which the handle is subjected,
T =T,+T,=340x 10° + 321 x 10% = 661 x 10 N-mm

Assuming that aforce of 300 N isapplied by aperson intermittently, therefore length of handle
required

7.47 x 10° { 1 =321x10°> N-mm

= 661 x 10%/ 300 = 2203 mm
Allowing some length for gripping, we shall take the length of handle as 2250 mm.
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A little consideration will show that an excessive force applied at the end of lever will cause
bending. Considering bending effect, the maximum bending moment on the handle,

M = Force applied x Length of lever
= 300 x 2250 = 675 x 10° N-mm
Let D = Diameter of the handle.
Assuming that the material of the handle is same as that of screw, therefore taking bending
stress 6, = 6, = 6,/ 2 = 100 N/mm?.
We know that the bending moment (M),

675 x 108 = %xcbe3:%x100x D% =982D°

D3 = 675%x103/9.82=68.74x 103 or D =40.96 say 42 mm Ans.
The height of head (H) istaken as2D.
=2D=2%x42=84mm Ans.
Now let us check the screw for buckling load.
We know that the effective length for the buckling of screw,

1
L = Lift of screw + 5 Height of nut=H, +h/2

=400+ 80/2=440 mm

When the screw reachesthe maximum lift, it can be regarded asastrut whose lower end isfixed
and the load end is free. We know that critical load,

2

o L

a1 2 (Y
Wcr At y|: 4CTE2E Kk :|

For one end fixed and other end free, C = 0.25.

Also k=025d,=0.25x38=95mm
T2 200 (440)2
= —(38)? 200 |1— ==
W =3 9 { 4x0.25% 1 x 210 x 10° \ 9.5

... (Taking o, = Cg)
= 226852 (1-0.207) =179 894 N

Since the critical load is more than the load at which the screw is designed (i.e. 80 x 10° N),
therefore there is no chance of the screw to buckle.

4. Design of body

The various dimensions of the body may be fixed asfollows:
Diameter of the body at the top,

Dy =15D,=15x82=123mmAns.
Thickness of the bodly,

t; =025d,=0.25%x46=11.5say 12mm Ans.

Inside diameter at the bottom,

Dg =225D,=225x82=185mm Ans.
Outer diameter at the bottom,

D, = 175D,=1.75x185=320 mm Ans.
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Thickness of base, t, =21,=2x10=20mm Ans.
Height of the body = Max. lift + Height of nut + 100 mm extra

=400 + 80 + 100 = 580 mm Ans.
The body is made tapered in order to achieve stahility of jack.

Let usnow find out the efficiency of the screw jack. We know that the torque required to rotate
the screw with no friction,

T, =W tan ocx%=80><103 ><0.0606><4—22=101808 N-mm

.. Efficiency of the screw jack,
_ T, _ 101808

T  661x10°

Example 17.16. A toggle jack as shown in Fig. 17.12, is to be designed for lifting a load of

4 kN. When the jack isin the top position, the distance between the centre lines of nutsis 50 mmand

in the bottom position this distance is 210 mm. The eight links of the jack are symmetrical and 110

mmlong. Thelink pinsin the base are set 30 mm apart. Thelinks, screw and pinsare made frommild

steel for which the permissible stresses are 100 MPa in tension and 50 MPa in shear. The bearing
pressure on the pinsis limited to 20 N/mn?.

Assume the pitch of the square threads as 6 mm and the coefficient of friction between threads
as 0.20.

= 0.154 or 15.4% Ans.

i< 50 to 210 mm

|

oA

@CI D 15 mm
65mm—<—'—<:l }

ool ] )
Base = 30 mm [
125 mm
Fig. 17.12

Solution. Given: W=4kN =4000N ;| =110 mm; 6, = 100 MPa= 100 N/mm2; T =50 MPa
=50N/mm? ; p,=20N/mm?; p=6mm; u=tan¢$=0.20

Thetoggle jack may be designed as discussed below :
1. Design of square threaded screw

A little consideration will show that the maximum load on the square threaded screw occurs
when the jack isin the bottom position. The position of the link CD in the bottom position is shown
inFig. 17.13 (a).

Let 6 be the angle of inclination of the link CD with the horizontal.
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o ™|

/ 7
2,

0

15 mm
I<— 105 mm

@) (b)
Fig. 17.13

- A

From the geometry of the figure, we find that

cosO = 105-15 0.8112 or 6 = 35.1°

Each nut carries half thetotal load on the jack and dueto this, thelink CD is subjected to tension
whilethe square threaded screw isunder pull asshowninFig. 17.13 (b). The magmtude of the pull on
the square threaded screw is given by

oW oW A
T 2tan6 2tan35.1° iy 8
=000 e N

Since asimilar pull acts%)?]< the other nut, therefore
total tensile pull on the square threaded rod,
W, = 2F =2 x 2846 = 5692 N
Let d, = Corediameter of the screw,

We know that load on the screw (W),

T ) P ) The rotational speed of the lead screw
5692 =— (d.)° o, =— (d.)° 100 relative to the spindle speed can be

4 4 adjusted manually by adding and
removing gears to and from the gear

= 7855 (d,)?
(d)? =5692/7855=725 or d =85say 10mm
Since the screw is also subjected to torsional shear stress, therefore to account for this, let us
adopt
d, = 14mmAns.
. Nominal or outer diameter of the screw,
d,=d.+p=14+6=20mm Ans.
and mean diameter of the screw,
d=d,—-p/2=20-6/2=17mm
Let us now check for principal stresses. We know that

no = P -8 _01103 ... (where o is the helix angle)

nd mwx17
We know that effort required to rotate the screw,

tano + tan ¢
= tan (o + 0) = _—
P =W tan (o + ¢) V\ﬁ(l_tanatmq)j
0.1123 + 0.20
1-0.1123x 0.20

= 5692[ j =1822 N
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.. Torque required to rotate the screw,

T= Px%—1822xg—15487N -mm

and shear stress in the screw due to torque,

.= 16T3 _ 16 x 15 43187 — 287 N/mm2
7 (d) n (14)
We know that direct tensile stressin the screw,

W W = 092 _ 37 N/mm?

R (d)? 07855 (d)” 07855 (14)°
4 c

. Maximum principal (tensile) stress,

o, 1 37 1
ey = 3 * 5 J©)2 +47% = St J@7) + 4(28.7)?

=185+ 34.1 = 52.6 N/mm?
and maximum shear stress,

= % J(6)? +47% = % J(37)? + 4(28.7)2 = 34.1 N/mm?

Since the maximum stresses are within safe limits, therefore the design of sguare threaded
screw is satisfactory.

2. Design of nut
Let n = Number of threadsin contact with the screw (i.e. square threaded rod).
Assuming that the load W, is distributed uniformly over the cross-sectional area of the nut,
therefore bearing pressure between the threads ( p,)),
W B 5692 355
Sl —@y]n 7l@0?-a9?]n "
n= 355/20 1.776
In order to have good stability and also to prevent rocking of the screw in the nut, we shall
provide n = 4 threadsin the nut. The thickness of the nut,
t=nxp=4x6=24mm Ans.
The width of the nut (b) istakenas 1.5d,..
: b =15d,=15x20=30mmAns.
To control the movement of the nuts beyond 210 mm (the maximum distance between the
centre lines of nuts), rings of 8 mm thickness are fitted on the screw with the help of set screws.
.. Length of screwed portion of the screw
=210+t + 2 x Thickness of rings
=210+ 24+2x8=250mmAns.
The central length (about 25 mm) of screwed rod iskept equal to core diameter of the screw i.e.
14 mm. Since the toggle jack is operated by means of spanners on both sides of the square threaded
rod, therefore the ends of the rod may be reduced to 10 mm square and 15 mm long.
-, Toal length of the screw
=250+ 2 x 15=280 mm Ans.

Assuming that aforce of 150 N isapplied by each person at each end of therod, thereforelength
of the spanner required

20 =

T 15487
A7 5162
T2x150 300 mm
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We shall take the length of the spanner as 200 mm in order to facilitate the operation and even
asingle person can operateiit.

3. Design of pinsin the nuts
Let d, = Diameter of pinsin the nuts.
Since the pins are in double shear, therefore load on the pins (F ),

2846 = 2 x% (d)? 1=2 x% (dy)? 50 = 78.55 (d)?

(d,)? = 2846/ 78.55=36.23 or d, =6.02 say 8mmAns.

Thediameter of pinhead istakenas1.5d, (i.e. 12 mm) and thickness4 mm. The pinsinthe nuts
arekept in position by separate rings4 mm thick and 1.5 mm split pins passing through the rings and
pins.

4. Design of links

Duetotheload, thelinks may bucklein two planesat right anglesto each other. For bucklingin
thevertical plane(i.e. inthe plane of thelinks), thelinksare considered as hinged at both endsand for
buckling in aplane perpendicul ar to the vertical plane, it isconsidered asfixed at both ends. We know
that load on the link

=F/2=2846/2=1423N
Assuming afactor of safety = 5, the links must be designed for a buckling load of
W, =1423x5=7115N
Let t, = Thickness of thelink, and
b, = Width of thelink.

Assuming that thewidth of thelink isthreetimesthethicknessof thelink, i.e. b, = 3t , therefore
cross-sectional areaof thelink,

A =t x 3t =3(t,)?
and moment of inertia of the cross-section of the link,

1 1

= It t (b)° = I t (34)° =225 (t)*
We know that the radius of gyration,
4
ﬂ =0.866t;
3(t,)

Sincefor buckling of thelink in the vertical plane, the ends are considered as hinged, therefore
equivalent length of thelink,

L =1=110mm
and Rankine's constant, a = i
7500

According to Rankine’'s formula, buckling load (W),

o xA  100x3(t)? 300 (4,)?

2 2 2.15
1+ a(l‘) 141 [ HO P =
k 7500 | 0.866t; ()

7115 =
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7115 (t)*

or 300 (f,)% + 215
(t)*-237(t)*-51=0
237 ++/(23.7)% + 4x 51 . .
(1) = (23.7) _BT+207 _
2 2

or t, =5.07say 6 mm ... (Taking + ve sign)
and b, =3t,=3x6=18mm

Now let us consider the buckling of the link in a plane perpendicular to the vertical plane.
Moment of inertia of the cross-section of the link,
= % x by (t)° = % x 3 ()° =0.25 (t)*
and cross-sectional area of thelink,
A=t.b =t x3t =3(t)?
*. Radiusof gyration,

O R T
A 3(t,)

Sincefor buckling of thelink in aplane perpendicular to thevertical plane, theendsare considered
asfixed, therefore

Equivalent length of thelink,
L=1/2=110/2=55mm

Again according to Rankine's formula, buckling load,
o, xA  100x3(t)> _ 300(t)°

2 2 48
1+ a[k) 1+ L [55 ) 1+-73
k 7500 L 0.29t, (t)

Substituting the value of t, = 6 mm, we have

300 x 62
W. =

or 4.8
1+

6
Sincethisbuckling load ismorethan the calculated value (i.e. 7115 N), thereforethelink is safe
for buckling in a plane perpendicular to the vertical plane.
We may taket, = 6 mm ; and b, =18 mm Ans.

cr

=9532 N

17.15 Differential and Compound Screws

Thereare certain casesin which avery slow movement of the screw isrequired whereasin other
cases, avery fast movement of the screw isneeded. The slow movement of the screw may be obtained
by using asmall pitch of the threads, but it results in weak threads. The fast movement of the screw
may be obtained by using multiple-start threads, but this method requires expensive machning and
the loss of self-locking property. In order to overcome these difficulties, differential or compound
screws, as discussed below, are used.

1. Differential screw. When a slow movement or fine adjustment is desired in precision
equipments, then a differential screw is used. It consists of two threads of the same hand (i.e. right
handed or left handed) but of different pitches, wound on the same cylinder or different cylinders as
shownin Fig. 17.14. It may be noted that when the threads are wound on the same cylinder, then two
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nuts are employed as shown in Fig. 17.14 (a) and when the threads are wound on different cylinders,
then only one nut is employed as shown in Fig. 17.14 (b).

(a) Threads wound on the same cylinder.
Fig. 17.14

In this case, each revolution of the screw causes the nuts to move towards or away from each
other by adistance equal to the difference of the pitches.

Let

(b) Threads wound on the different cylinders.

p, = Pitch of the upper screw,
d, = Mean diameter of the upper screw,
o, = Helix angle of the upper screw, and
u, = Coefficient of friction between the upper screw and the upper nut
=tan ¢,, where ¢, isthefriction angle.
p,, d,, o, and ., = Corresponding valuesfor the lower screw.
We know that torque required to overcome friction at the upper screw,
T, = W tan (ocl+q>1)ﬂ=w{—ta‘”°‘l+ta'”q’l }ﬂ
2 l1-tanoy tan¢, | 2
Similarly, torque required to overcome friction at the lower screw,
T2:Wtan(a2+¢2)%=w{ta”°‘2+ta”¢2}% (i)
2 l-tano, tand, | 2
.. Total torque required to overcome friction at the thread surfaces,
T=P,xI=T,-T,
When there is no friction between the thread surfaces, then i, =tan ¢, = 0and p, =tan ¢, = 0.
Substituting these values in the above expressions, we have

(i)

T

':Wtanoclxﬁ
2

W d2

and T, = tanoc2><7

.. Total torque required when thereis no friction,
To=T/'-T,

:Wtanoclx%—Wtanoczxd—z2
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pp b P dy| W
W|—X—=-—"5Xx—"%5|=— -
Ltdl>< 2 ndzx 2} 2n(pl P2)

- tan o :ﬁ;andtanoc =P
! nd; 2 nd,

We know that efficiency of the differential screw,
To
L
2. Compound screw. When afast movement isdesired, then acompound screw isemployed. It

consists of two threads of opposite hands (i.e. one right handed and the other |eft handed) wound on
the same cylinder or different cylinders, as shown in Fig. 17.15 (a) and (b) respectively.

In this case, each revolution of the screw causes the nuts to move towards one another equal to
the sum of the pitches of the threads. Usually the pitch of both the threads are made equal.

We know that torque required to overcome friction at the upper screw,

T = Wtan (ay + ¢) Low | G ENG |4 (i)
1 2 1- tan o, tan ¢,

d
Nut ’47 l_ﬂ Pﬂ
Py
ax i
o« 3
‘ T

- .
1 4»‘ Nut ‘
d, dy >

(a) Threads wound on the same cylinder. (b) Threads wound on the different cylinders.
Fig. 17.15

N
—

7 //
////5%

——

Similarly, torque required to overcome friction at the lower screw,

T2=Wtan(a2+¢2)%:w{tana2+tan¢2}% (i)
2 1-tan o, tan ¢,
-, Total torque required to overcome friction at the thread surfaces,
T=P xI=T,+T,
When there is no friction between the thread surfaces, then i, =tan ¢, =0and p, =tan ¢, =0
Substituting these values in the above expressions, we have

d
T, :Wtanoclxz1

T, :Wtanoc2><d—22
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.. Total torque required when thereis no friction,
To=T/+T,

:thoclxd—22+Wtanoc2><d—22

=W &xﬂ-pﬁxﬁ =ﬂ(pl+ P,)
nd, 2 mnd, 2 2r
We know that efficiency of the compound screw,
T,
n=
[ ]

Example 17.17. A differential screw jack is to be <—Il{6H Scre.?h
made as shown in Fig. 17.16. Neither screw rotates. The 77 —7 fm prie
outside screw diameter is 50 mm. The screw threads are
of square form single start and the coefficient of thread ..
friction is 0.15. ! m

Determine: 1. Efficiency of the screw jack; 2. Load Z_‘ / Z
that can be lifted if the shear stress in the body of the <« RH.screw
screw islimited to 28 MPa. 12 mm pitch

7

Solution. Given:d,=50mm ;u=tan¢=0.15;
Fig. 17.16. Differentia screw.

p,=16mm;p,=12mm; 1 =28 MPa=28 N/mm?
1. Efficiency of the screw jack
We know that the mean diameter of the upper screw,
d, =d,—p,/2=50-16/2=42mm
and mean diameter of the lower screw,
d, =d,-p,/2=50-12/2=44mm

P 16
tano, = 2 = = 01212
M= Td, T x4z
and tano, = 2 =12 _ 00868
nd, mwX
Let W = Load that can belifted in N.

We know that torque required to overcome friction at the upper screw,

tanoy +tan ¢ | d;
1-tan oy tan q)} 2
{ 0.1212 + 0.15 } 42

— =58W N-mm
1-01212x0.15| 2

Similarly, torque required to overcome friction at the lower screw,
tano, —tan ¢ | d,
l+tana, tan ¢ | 2

d
Tl:Wtan((xl+q>)?1:W{

TZ:Wtan(ocz—q))d—zz:W[

{ 0.0868 — 0.15 } 44

— =—-137W N-mm
1+ 0.0868x0.15| 2
.. Total torque required to overcome friction,

T=T,-T,=58W~(-137W) =717 WN-mm
We know that the torque required when thereisno friction,

W W
T, = o (P — Po) :z (16 —12) = 0.636 W N-mm
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.. Efficiency of the screw jack,

_ To _0636W _ 1087 or 8.87% Ans

T 717W

2. Load that can be lifted

Since the upper screw is subjected to alarger torque, therefore the load to be lifted (W) will be
calculated on the basis of larger torque (T,).

We know that core diameter of the upper screw,

dy =d,—p,=50-16=34mm

Since the screw is subjected to direct compressive stress due to load W and shear stress due to
torque T,, therefore

Direct compressive stress,

W W W W )
A T Ty BT
1 2 (de) 2 (34
and shear stress, T = 16T, _16x58W W N/mm?

n(dy)?® m(34)° 1331
We know that maximum shear stress (7, ),

2 2

1 2 > 1 (wj (wj
28 = =4(c.) +4t> ==, — | +4| —
2 (oc) 2\/908 1331

% J1213%10°° W2 + 2258 10°° W2 = % 1.863x 10°W

. 28x2
1.863x 1073

EXERCISES

1. Inahand vice, the screw has double start square threads of 24 mm outside diameter. If thelever is200
mm long and the maximum force that can be applied at the end of lever is 250 N, find the force with
which thejob isheld in the jaws of the vice. Assume a coefficient of friction of 0.12. [Ans. 17 420 N]

2. A sguarethreaded bolt of mean diameter 24 mm and pitch 5 mm istightened by screwing anut whose
mean diameter of bearing surfaceis 50 mm. If the coefficient of friction for the nut and bolt is0.1 and
for the nut and bearing surfaces 0.16, find the force required at the end of a spanner 0.5 m long when
the load on the bolt is 10 kN. [Ans. 120 N]

3. Thespindleof ascrew jack hasasingle
start square thread with an outside
diameter of 45 mm and a pitch of 10
mm. The spindle movesin afixed nut.
The load is carried on a swivel head
but is not free to rotate. The bearing
surface of the swivel head has a mean
diameter of 60 mm. The coefficient of
friction between the nut and screw is
0.12 and that between the swivel head
and the spindle is 0.10. Calculate the
load which can be raised by efforts of
100 N each applied at the end of two
levers each of effective length of 350
mm. Also determine the efficiency of -
the lifting arrangement. Lead screw supported by collar bearing.

[Ans. 9945 N ; 22.7%]

=30060 N =30.06 kN  Ans.
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4.

10.

11.

The cross bar of a planner weighing 12 kN is raised and lowered by means of two square threaded
screws of 38 mm outside diameter and 7 mm pitch. The screw is made of steel and a bronze nut of
38 mmthick. A steel collar has 75 mm outside diameter and 38 mm inside diameter. The coefficient of
friction at the threadsis assumed as 0.11 and at the collar 0.13. Find the force required at a radius of
100 mm to raise and lower the load. [Ans. 402.5N ; 267 N]
The lead screw of alathe has square threads of 24 mm outside diameter and 5 mm pitch. In order to
drive the tool carriage, the screw exerts an axial pressure of 2.5 kN. Find the efficiency of the screw
and the power required to drive the screw, if it is to rotate at 30 r.p.m. Neglect bearing friction.
Assume coefficient of friction of screw threads as 0.12. [Ans. 37.76% ; 16.55 W]
The lead screw of alathe has Acme threads of 60 mm outside diameter and 8 mm pitch. It supplies
drive to atool carriage which needs an axial force of 2000 N. A collar bearing with inner and outer
radius as 30 mm and 60 mm respectively is provided. The coefficient of friction for the screw threads
is0.12 and for the collar it is0.10. Find the torque required to drive the screw and the efficiency of the
Screw. [Ans. 18.5N-m ; 13.6%]
A cross bar of aplaner weighing 9 kN israised and lowered by means of two square threaded screws
of 40 mm outside diameter and 6 mm pitch. The screw is made of steel and nut of phosphor bronze
having 42 mm height. A stedl collar bearing with 30 mm mean radius takes the axial thrust. The
coefficient of friction at the threads and at the collar may be assumed as 0.14 and 0.10 respectively.
Find theforcerequired at aradius of 120 mm of ahandwheel to raise and lower theload. Find also the
shear stress in the nut material and the bearing pressure on the threads.
[Ans. 495N, 346 N ; 1.7 MPa ; 1.84 N/mm?|
A machine slide weighing 3000 N is elevated by a double start acme threaded screw at the rate of
840 mm/min. If the coefficient of friction be 0.12, calculate the power to drive the slide. The end of
thescrew iscarried on athrust collar of 32 mm inside diameter and 58 mm outside diameter. The pitch
of the screw thread is 6 mm and outside diameter of the screw is40 mm. If the screw is of steel, isit
strong enough to sustain the load? Draw a neat sketch of the system. [Ans. 0.165 kW]
A sluicevalve, used in water pipelines, consists of agate raised by the spindle, whichisrotated by the
hand wheel. The spindle has single start square threads. The nominal diameter of the spindleis 36 mm
and thepitchis6 mm. Thefriction collar hasinner and outer diameters of 32 mm and 50 mm respectively.
The coefficient of friction at the threads and the collar are 0.12 and 0.18 respectively. The weight of
the gate is 7.5 kN and the frictional resistance to open the valve due to water pressure is 2.75 kN.
Using uniform wear theory, determine : 1. torque required to raise the gate; and 2. overall efficiency.
[Ans. 136.85 N-m ; 7.1%]

A vertical square threads screw of a 70 mm mean diameter and 10 mm pitch supports a vertical load
of 50 kN. It passes through the boss of a spur gear wheel of 70 teeth which acts as a nut. In order to
raise the load, the spur gear wheel is turned by means of a pinion having 20 teeth. The mechanical
efficiency of pinion and gear wheel driveis 90%. The axial thrust on the screw istaken up by acollar
bearing having amean radius of 100 mm. The coefficient of friction for the screw and nut is0.15 and
that for collar bearing is 0.12. Find:
(@) Torque to be applied to the pinion shaft,
(b) Maximum principal and shear stresses in the screw ; and
(c) Height of nut, if the bearing pressure is limited to 12 N/mm?.

[Ans. 299.6 N-m ; 26.6 N/mm?, 19 N/mm?2; 40 mm]
A single start square threaded screw isto be designed for aC-clamp. The axial load on the screw may
be assumed to be 10 kN. A thrust pad is attached at the end of the screw whose mean diameter may be
taken as 30 mm. The coefficient of friction for the screw threads and for the thrust padsis 0.12 and
0.08 respectively. The alowable tensile strength of the screw is 60 MPa and the allowable bearing
pressure is 12 N/mm2. Design the screw and nut. The square threads are as under :

Nominal diameter, mm 16 18 20 22
Core diameter, mm 13 15 17 19
Pitch, mm 3 3 3 3

[Ans.d =17 mm ; n =10, h =30 mm]
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Design ascrew jack for lifting aload of 50 kN through aheight of 0.4 m. The screw is made of steel
and nut of bronze. Sketch the front sectional view. Thefollowing allowable stresses may be assumed
For steel : Compressive stress = 80 MPa ; Shear stress = 45 MPa
For bronze : Tensile stress = 40 MPa ; Bearing stress = 15 MPa
Shear stress = 25 MPa.

The coefficient of friction between the steel and bronze pair is 0.12. The dimensions of the swivel
base may be assumed proportionately. The screw should have square threads. Design the screw, nut
and handle. The handle is made of steel having bending stress 150 M Pa (allowable).
A screw jack carries aload of 22 kN. Assuming the coefficient of friction between screw and nut as
0.15, design the screw and nut. Neglect collar friction and column action. The permissible compressive
and shear stresses in the screw should not exceed 42 MPa and 28 MPa respectively. The shear stress
in the nut should not exceed 21 MPa. The bearing pressure on the nut is 14 N/mm?. Also determine
the effort required at the handle of 200 mm length in order to raise and lower the load. What will be
the efficiency of screw? [Ans.d,=30mm; h=36mm; 381N ;166N ; 27.6%]
Design and draw a screw jack for lifting a safe load of 150 kN through a maximum lift of 350 mm.
The elastic strength of the material of the screw may be taken as 240 MPain compression and 160
MPa in shear. The nut is to be made of phosphor bronze for which the elastic strengths in tension,
compression and shear are respectively 130, 115 and 100 M Pa. Bearing pressure between the threads
of the screw and the nut may be taken as 18 N/mm?2. Safe crushing stress for the material of the body
is 100 MPa. Coefficient of friction for the screw as well as collar may be taken as 0.15.
Design atogglejack to lift aload of 5 kN. Thejack isto be so designed that the distance between the
centrelines of nutsvaries from 50 to 220 mm. The eight links are symmetrical and 120 mm long. The
link pinsinthe base are set 30 mm apart. Thelinks, screw and pinsare made from mild steel for which
the stresses are 90 M Pain tension and 50 M Pain shear. The bearing pressure on the pin is 20 N/mm?.
Assume the coefficient of friction between screw and nut as 0.15 and pitch of the square threaded
screw as 6 mm.

[Ans.d,=10mm:d,=22mm;d=19mm;n=4;t=24mm;b=33mm; d, =10mm;

t,=7mm; b, =21 mm]

QUESTIONS
Discuss the various types of power threads. Give atleast two practical applications for each type.
Discuss their relative advantages and disadvantages.
Why are square threads preferable to V-threads for power transmission?

How does the helix angle influence on
the efficiency of square threaded screw?

What do you understand by overhauling
of screw?

What is self locking property of threads

and where it is necessary?

Show that the efficiency of self locking i
screws s less than 50 percent.

In the design of power screws, on what

factors does the thread bearing pressure = I

{14,
) . -
depend? Explain. - ) -
Why is a separate nut preferable to an "

integral nut with the body of ascrew jack?
Differentiate between differential screw
and compound screw.

¥
i

Screw jack building-block system
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10.

OBJECTIVE TYPE QUESTIONS

Which of the following screw thread is adopted for power transmission in either direction?

(@) Acmethreads (b) Square threads
(c) Buittressthreads (d) Multiple threads
Multiple threads are used to secure
(@) low efficiency (b) highefficiency
(c) highload lifting capacity (d) high mechanica advantage
Screws used for power transmission should have
(@) low efficiency (b) highefficiency
(c) very finethreads (d) strong teeth
If o denotes the lead angle and ¢, the angle of friction, then the efficiency of the screw iswritten as
tan (o — tan o
@ th\n o . ®) tan (@ 0)
tan (o + 0) tan o
© tan o Q) tan (o0 + 0)

A screw jack has square threads and the lead angle of the thread is o. The screw jack will be self-
locking when the coefficient of friction () is

@ u>tano (b) u=sna
(60 n=cota (d) p=coseca
To ensure self locking in ascrew jack, it is essential that the helix angleis
(a) larger than friction angle (b) smaller than friction angle
(c) equal tofriction angle (d) suchastogivemaximumefficiency inlifting
A screw is said to be self locking screw, if its efficiency is
(@) lessthan 50% (b) more than 50%
(c) equal to 50% (d) none of these
A screw is said to be over hauling screw, if its efficiency is
(a) lessthan 50% (b) more than 50%
(c) equal to 50% (d) none of these

While designing a screw in ascrew jack against buckling failure, the end conditionsfor the screw are
taken as

(@) both ends fixed (b) both ends hinged

(c) oneend fixed and other end hinged (d) oneend fixed and other end free.
Theload cup of a screw jack is made separate from the head of the spindle to

(@) enhancetheload carrying capacity of the jack

(b) reduce the effort needed for lifting the working load

(c) reducethe value of frictional torque required to be countered for lifting the load

(d) prevent the rotation of load being lifted

ANSWERS
1. (b) 2. (b) 3. (b) 4. (d) 5. (a)
6. (b) 7. (a) 8. (b) 9. (d) 10. (d)
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