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OWER SCREWs

1 NTRODUCTION:

1.

er screw is a n’lachme member consisting of large sized gorey,
P‘; yed for converting rotary motion into translating moti, 8 (_}-]n and nut znd
0 . - 1 __pn Er o - . L
. emp ion screw). Also since this type of screws eyert St ice called gz
""" Ged as POWET SCTEWS.
ec

sp
e — typical ﬁeldsoof applicatio-n of power screw drives are
screw jacks), fo.r loadmg‘t}.le specimens in testing machines,
.ed motions during matfhm.mg as In the case of lathe and screyw presses ete
rgqmd on the places of applications, rotary motion is imposed upon the screw for
" ing axial movement of nut (e.g. Lead screw of a lathe) or rotary ;notic;n 2;
fl:];a];lut for receiving axial movement of screw (e.g. screw jack). Power e

Jso be used in vices, robots and sluice gate of dam etc.

| In power-screw drives, the power is transmitted from screw to nut or from nut

| o screw by the sliding contact and hence the material, of which they can be made

' should have low coefficient of friction in order to reduce wear, heat and power loss
due to friction. For fulfilling the above requirement, usually heterogeneous materials
may be adopted for making power screw drive components similar to worm gear
drive. In practice, screw is made of hardened steel and the nut is made of cast-iron
or bronze.

ot
force
e and power, they

£ L ¥
10r rasing loads

it for obtaining the

Sometimes power is transmitted in power-screw by rolling friction. In such
arangement, the external load is transmitted from screw to nut or nut to screw
through a number of steel balls interposed between the concave helical races made
i screw and nut. This set up reduce the frictional losses by sliding contact. The ball
bearing screw drives are mainly preferred for automatic door closers, power
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sluice-gate of dam | Power actuator
. 1m__pig—I10—p - |
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=== | Steel-ba|lg
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| dg . |
Sliding contact power screw Rolling contact power sciey

Fig. 31.1 Types of poWer SCrews

31.3. TYPES OF POWER-SCREW THREADS :

a)  Square thread.
b)  Trapezoida] thread

¢) Buttregs thread,

as shown in figure 319
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h=0.5p
a) Square threaq

Fig. 31.2: Types of Power-scfew threaq

. tpread IS having its own meritg. Among
Eaf oy sidel‘ed for the transmission of power

the ahgye thre

15 . : in either di e.types, Square
; reﬂd jency and is em ployed for making leaq screw of lathe dlrectmn. t Dossess
s , Tadi e
3 vew, screw jack etc. Actal drilling g,
P

dal or Acme thread can be produced easily than squaye thread b
read but itg
eatd-screw of lathe ang SOme

aZOi .
Trape Jower. They can be applied for making |

Buttress threads are flsed fortk:iac.hnfhm one d'1rect?on qnly. Due to their specific
ruction, if the screw 15 operated In the opposite direction, the applied load can
mnf] be released. Hence this thread finds applications mainly in screw jack. The
e;’l_':n ¢y of buttress thread is more comparing to square thread and Acme thread.
il

The above threads may be formed into single start, double start and triple start
#reads in order to improve their efficiency and operating speed.

114, NOMENCLATURE OF SCREW THREAD :

i rresponding
LPitch (P) : It is the distance, measured parallel to the axi5, between corresp

pints of two adjacent threads.

of two adjacent
w in the axial
d is equal to

i oints
LLead (L) : It is the axial distance between t}?e correslizsgtliniypa .
’fqviads in the same helix. It is equal to the dlsmnﬁfﬁ_start bread, les
:.z&ﬁ"" for one revolution of the screw. In the m

“ product of pitch by the number of starts.
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et ingle gtart thre

1N Piteh (for 8

. wd 7
j0, Lo o start {hrond)

I (for doubl

w2 x Pite
and g0 o
‘ ) (lﬂ :
q Lend anglt * 4 -~ .
- tho axial movement of the scrow due to itg Ong
: or tho & R
It is the angle {0 lu\ml‘ltin
|1\hut. iS. . n‘
L

-1 24
. Lead____ =tan™ 4
a=tan Gireumierenct

where L= Lead

d = Pitch circle diameter of screw

t is the diameter of a co-axial cylinder that woylg

d as in the case of bolt or root of an intey
maximum diameter of screw also called o
d is used for designating the threaq

juSt tﬁlm

nal thread

4. Tip diameter (dg) : I
the crest of an external threa
as in the case of nut. It is the
diameter or outside diameter an

5. Root diameter (d,) :

It is the diameter of a co-axial cylinder that would just touch the
external thread (i.e., bolt) and crest of an internal thread (nut). This is th o
diameter of the screw and is also called as core diameter. om

t of an
Mimyy,

6. Pitch diameter I(d) :

It is the diameter of a co-axial cyli
. ylinder the surface of whi
" : ! of which
‘ Zcih;e:ds at such points which make the width of threads e Wﬂllﬂd . t}‘ll‘ﬂugh
pace between threads. It is also called as effective diameter T B o with ¢

315. W
ORKING PRINCIPLE OF POWER-SCREW DRIVE :
- The axial moveme .
- t of th
to raising t} - e nut (or load) for : _
circamtea :e load through an inclined plane f one re?rolutlon of screw is similar
€ of the screw. Hence © for a horizontal length equal to the

working princi B for i i
€ principle of inclined plane may lfrea; estlg(;l analysis of power screws, the
opted. ’

Let us conside
T an inclined
plan
rcumfe ¢ at an angle (o) with the horizontal whose

‘ength is e
qual to the ¢j
as shown in fj
gure 31.3. Also assume

a load (W) is rais
ed .
normal reactjon, g thnt Inclined plane by a horj
_ orizontal force (F). Let R be the

f
.
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(@)
(b)
Fig. 31 3
If there is no friction, then, for equilibrium condit
. . n .
F=Rsind o
al’ld w = R coS o

W . _
actice, there will always be some fricti
. ctional force which .
acts in the opposite

In pr
girection to applied force.

Hence due to friction, t
plane, but at an angle ¢ wi

F=Rsin (o +9)

11;: ;;actmn force will not be perpendicular to the inclined
e normal to the incline plane for this condition

and W =R cos (0. + 9)

Therefore F =W tan (o+¢) (Fig. 31.3(b)

In the above formula, az=tan~ t —I-'a-
T

ere p is the coefficient of friction, L is

i ang thfe angle of friction ¢ = tan~ 'pwh
and d is the pitch diameter of thread.

the inclined plane to
d to raise

I —
n power screw, the force on raise the load is gIven 1 the
the load is given bY;

form
of torque and hence, the torque require
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1.6
d
d _wtan (ot B) ¥ 9 QE%

'[‘r - ll" * 2

= ,w,'.!. tan (ot ¢
2
Wd

quired, Ty === tan
< (1

y, then, torque re
2

If there is no frictior
Efficiency of power serew,

Ideal effort
n= e m—
Actual effort

_ Force for nil friction
Force with friction

- W tan o
W tan (o + 0)

__tano
tan (o + ¢)

. t 3
inclined plans. etermine the force required to lower th
_ o Tk

along the

Fig 31
4
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s
FOW =R sin (¢ - o) 1.7
o
! W =R cos (b= o)
a0
fore F=Wtan (-0
per®
. required to lower the load 1, < Wd
o 10! que L= tan (¢ - g

he above formulf'n, we can understang ¢}, t

From s the force ' will become negative, Tlntﬂ‘ i
guch a condition of lowering the I(Oa;la’ Without
For self locking condition, (i.e requ;::lwm
N g

if there ig no friction, then

any effort, the Joad

il > hauliné: any effect is known

e ioti ngle ¢ s/ some )
w2 4), the friction ang ¢ should be always be greater thay Ief:imjng:': i:wcrmg

‘?, 0 IDWGI'e .

a ;ESIGN CONSIDERATION FOR POWER SCREWS :

When lesigning the powcr-screw drive, the following factors should be

considered'

Sincé the power-screw drive transmits power through sliding friction, its
mponents such as screw ar.xd nut should be made of heterogenous materials

i.e. different materials). It is advisible that the screw may be made of steel

qnd the nut Mm@y be made of cast-iron or bronze.

Even though the screw and nut are subjected to different types of stresses,

attention must be given to nut design, because the nut material is softer than

terials. The reason for selecting softer materials for nut is to allow

due to gliding contact on the nut only since the replacement of nut

the wear
is easier and less costly than screw rod.

3. In order to reduce heat due to friction, sufficient lubrication must be provided.

¢ raising load such as screw jack the screw rod

ive fo
crew driv from buckling under heavy load.

4. In the case of s
cient size in order to escape

should have suffi

. ts will be
5 If the screw rod is longer one then proper supporting arrangements *

provided.

When designing the power SCrews,

induced in the screw rod and the nut. ks
to nut or nut to screw, the following Stresses
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. E
. od ¢ (Refer figure 31.5) %N
| in the gerew rod
snduced
Stresses int

—

0

Fig. 31.5: Axial loaded power screw

Outer (or tip) diameter of screw rod.

Let dy =
d, = Inner (or core) diameter of screw rod.
©d = Pitch diameter of screw rod.
t = Thickness of each thread.
n = Number of threads in contact with nut.
W = Axial load

are as follows.

a) Tensile or com .
pressive stresg @i. .
rod due to axia] (ie., direct) 10:& normal stress) induced in the body of screw

Sn—lzﬂ_
T nal
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S
e sone"
f’o length of rod is too freat
' ”"'I’. lhrvrt i

hc 3 £ .
if t. Joad and in this situatj,,, : in
v ey A thanes {,
- 1or bkl

“t
s 1.4

ive
(058" g formula, according f Pk
‘0{‘1[; Bﬂn}{ln 5 ) V’lll(;h the “’l:;:lf] Iaf,' b:;r._;,j o y ng '.J'r..-‘-',:r
t,slﬂ , ced yhre, ;. e the
4 % IR ;“.‘,{':‘ 'r" O )u
S, = K iw ]+a(~1.‘.' l
Ed'd ———-z\KJ |
4 ¢ ﬁdz —
c
. L] -
o 38 Rankine’s constant, which ig equal to 1175
nere 900 for gt
Wwh Equivalent length of screw rod, teel.
LZ
ﬁnd
_g1 (for the column whose one end is fixed and other
£ d 15 free
[:A‘Wal Jength of screw ro
- Lea + radius of gyration

o Rankine’s formula, the bucklin
) g or crippling load iz
given by
Se-A

Fop=——
l+a [-—LK—]Z

[n actual practices, the'core diameter is first determined by considering the
- under gimple compression and then it is checked for buckling for stability of
the screw.

p) Torsio

Note ? According t

nal shear stress induced in the body of screw-rod

—l—g—T-where T=E2—dtan (a+9)

S.=
*n dg’

ar stresses, there will be
the body which

is subjected to both direct and she
um shear stress

Since the screw rod
maximum (i.e., equivalent) axial stress and shear stress acting on
can be evaluated using maximurm principal stress theory and maxim
theory. According to them, the maximum principal stress:

=2 [ 8+ VBT 45 |

and the maximum shear stress.
1 2 2
Sem = ':‘2" Sy + 4 54
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‘ r(Jﬂ“{l-rr;r] ._"'l
i ¢ thrff!ldﬁ U’ fere: . ‘
31'10 i ([UU(!d n tl"

¢) pirect 81° 1_\{'{_,,_
W pnd, b

lﬁ l

d) Be 4 W

W = 3
Ph"'m n (df-dp)
ny (o~ -

ly, the glresses induced in the follow,
Similarty, ;:

a) Direct shear stress,

W . Dy =Major diameter of nut,

P
™m=hnDyt

b) Bearing stress,

W 4W
sz = 2_ 2
ng(dg—d?) n=(dg-dj)

W_ 42 - g2
(or) Pp= . .(dg 1)_ dg-i-d- -
b= nndt ) 1 __[ 5 i {%&J
=4.B-
d-o=dt

where d = Pitch diameter.
p = Pitch
t = Thickness of square thread

For safe and optimum desi

their design (ic. allowablo) valugn’ the above induced stresses should be less than

€8.

For the desi
. gn reference, th . _
bearing pressure, coefficient . e basic dimensions of square thread, allowable

; t e :
respectively, of friction are given in tables 31.1, 31.2 and 313

[ TR N
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31.14 Table 31.2: Allowable Bearing pressure [P, ) IQN
a .

- - A%

» Materinl combination —— - N/::ga

B, ’—jfﬁr/’—_ N
ﬂﬁﬂf#—é.ttoul gerew-Bronze 8
3

D‘Eg

. ut
t iron I
steel serew-Cas
2, Steel

3. Steel screw-

lead screws —_— x
— Coefficient of friction (y)

T Sliding velocity (m/g)
ial
ver screw Materia i

ros combination 0.1 m/s 0.5 m/s mm

—_— m/y

T 009 .0.065 0.055

Steel and Bronze nut 0.09 m
eel screw ¢ — 0&5‘“‘“\

Gteel screw and Cast-iron nut. 0.106 . . 0.067

Note : The design yield stress for steel in tension or compression wi]] be takeg
ote : ' . |

300 to 400 N/mm? and the design yield stress in shear \.mll be appmmmate]y ol

to one half of design yield stress in tension or compression.

31.8. CALCULATION OF THREAD WEAR :

As we know that, the thread wear is allowed to nut only in order for reducn,
the cost of replacement, the amount of bearing pressure induced in the nut, whigh
causes for wear, have to be evaluated and is to be checked with its allowab]e values,

1
Consider a nut of power screw drive in which the bearing pressure is given by,

[Already derived]

Pb:nndt

where W= Axial load,

n = Number of threads in contact
d = Pitch circle diameter of nut

t= Théckness of thread

From the abgye single formula

» using W and P we can not determine thré
unknown parameters sy, asn, d, a

nd t. Hence the following method can be adopted

|
|

Scanned by CamScanner



GREW®
41,15

5
A
O\NC = I-Icigh

ot
Le g= Lead of nut

7, = nu

_ pept

b=

t of nut (i.e., Nut thickness)

mber of starts

h of thread engagement

g HZ

1oW? ;15 _S-» ) S
et

Now Pb=ndH
po safe design, this induced stress should be less than allowabl
able value.
oW
l-e'! ndH [ b
H_ .,= N :
Now take 3 = y= Nut height factor

~-12to2.5 for solid nuts

_9.5 to 3.5 for split nuts

2W__.p,]
nwdz P

/ 2W
(or) d2 —
ny [Pb]
t standard dimension of

circle diameter d, the nex
and nut may be selected from the table 31.1-

SCREW JACK :

in figure 31.6 sO
overcome friction

Then

After determining the pitch
d and other proportions of screw

31.9. CALCULATION OF COLLAR FRICTION IN

oad is taken up by
en the torque requir

When the axial 1
th screw, th

tl;at the load does not rotate wi
at the collar is given by

—
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31.16

Fig. 31.6: Collar friction

T=u, WR (Assuming uniform wear conditiop)
— Fc

ﬁ-ﬁJ
2
1

(Assuming uniform pressure condition)

2 .
(Dr) T—3“cw [R '—R%

Where R; and Rg= Outside and inside radii of collar.
Rl + R2

R= Mean radius =

He = Coefficient of friction for the collar,
31.10. DESIGN PROCEDURE :

1. From the given data, note down the

2 Sele'ct §uitable materials fop scre
applications, (45 steel may pe use

axial load, operating speed, power etc.

W and nut. Usually for normal duty
d for screw rod and bronze for nut. For
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B

orEM?
¢h jcations, steel i -
Fow - applica » 8teel 1s employeq for BCrew |
o and cagt-iron ig used for
aut- itch circle diameter of
o the pitch circle diameter of b

n _ \metol
Det‘ﬁ:’ able bearing stress given in tabl
to

Y wear con
31,2, Using

d> [_?__V_V__]l"’

sideration with respect
the i'nrmula,

Ty [Py

ject ProPer standard dimensions of screw gpq nut from the gy 31.1
) le 31,1,

4 5 rew for axial stress, direct «

chotk the s¢ ) ct shear stress, gng torsional shegy
5. strcss. .

o check Fhe screw for stability condition if it ig very long, i.e., check for
6. screw puckling.

For this, find the buckling load using Euler’s formula or Rankine’s formula
1. nd find out stability factor as

_ Buckling load
stability factor ="An iedload -

If the above factor is more than 2.5, buckling will not occur.

g Check the nut for induced shear stress.

g, Calculate the efficiency of the drive.

10, Draw the arrangement of power screw drive.

' In screw jack design, the collar friction may also be taken into
. Note : In

" account.
Hence total torque, T=T1+ Ty

Where Ty = Torque between screw and nut

T, = Torque between serew and collar

' 3111, SOLVED PROBLEMS :

- Problem 31.1 : e following

i lathe for th
Design a lead-screw and split nut for a
Specifications.

Maximum axial load =10KN

min

Operating speed of nut
Stroke required = 1250 mm ho pOWET require
Also calculate the efficiency and the.

d to drive the screw-
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31.18

Golution @
=10000 N
T Axial Joad, W= 10 KN |
Nut speeds N = 0.3 m/min

Stl‘ﬂke = 1250 mm.

5 steel, and for nut is bronze. Iy Pract;

ew is C4 : tr ce or. B
Assume the design stresses for g, an it 4

naterial for ¢t

nut \:rﬁlt lzl(:ecrlmsidered for opemtion. i .
are as,

a) For screw in tension or compression E:M]] - 150 N/mmz
b)  For screw in shear [SSIJ : 75 N/mpy2

¢)  For nut in tension n2! = 50 N/mp2
d) For nut in shear [Seol = o5 N/mp2
¢) Bearing pressure for steel and bronze combination [Pl = g, /2

Also assume square thread for our design.

Since the thread failure is mainly by thread wear, design should sty from

bearing pressure.
Design of nut :

Based on bearing pressure, the pitch'ci'rcle diameter of nut for square threaq

is given by the formula, ]
is \/W | (JDB 89)
- Ny [Py |

Where y= Nut height factor = I\Tut thickness
Pitch diameter

_H
='q =3 (Assume) (for split nut) (PSG 781)

[Pyl =3 N/mm?

- 4>+ [2X10000

Take next stanq i
ard i '
the other propertion are’Ilhtch diameter =97 mm. Corresponding to this diameter

[Table ~31.2, (PSG 7.87)
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s0RE"
‘.jeﬂ i ameter for screw, (ie., boly
FO (of 1 . ' d0=30
o i
sia meter for screw, q
5 °=
diﬂ eter fOI‘ nutl D
el 0= 305 m
dia eter for nut, D .~
Min” = =24 my,
pitel P=8mn
- (or) depth of thread, t=3m
b - "
The iﬂduc""d shear stress in the nut is given by
Ta= W
= —
nnD,t
. ber of threads i
Jhere 27 Number 0F TATEacs in contact
Nut thickness _ H
= pitch p
= =8
Now H"V-,d"?’xm 1

81 _135=14(say)
LN=Tg

Cori'ectéd put thickness, H=np=14Xx6=84mm.

3119

10000 ____ 9 5N/mm? < [Se) = 25 N/mm?

Hence Tn =714 xtx 30.5%3
Sin
Outer diamete

of nut. We know that

W:%(D% —D%) - Sn2
ie, 10000 = ﬁ- ? - 30.5%) 50

1/2
b [ (4210000, 3952 ] _ 344 mm
5™ nx 50

Take Dl =35 mm

ce the induced shear stress is less than its design stress, - design is safe.

r of nut (D) may be determined considering the tearing strength
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31.20

arance on both sides of screw
= 1250 + (2 X ]_5) — 1280 -

Design of screw :

rew rod, [= gtroke + cle

Length of sc

in the screw are checked as follows,
esses

body of screw,
AW 4x10000
s — = — = 2
ST o pd2 wx24
4 C

=221 N/mm2 < [Sp1l =

The various induced st

i in the
Direct stress induced In t

150 N/mm?>

Checking for buckling :

Now, the ratio of length of screw to pitch diameter

is very high value, buckling may occur. The buckling load aceop ding

Since it
Rankine’s formula,
S.. A
F.,, =
“ l+a [-IIE
where S, = Compressive strength of screw
= 330 N/mm? (Assumed)
mT2_T 2 _ 2
A = Zd°=ZX24 =452 mm
a = Rankine’s constant = ﬁ for steel
L = Equivalent length =%
= 12
—280- =640 mm
K =

Least radius of gyration =

> [

|

!
Scanned by CamScanner



4

&
Po\” bs{:ituting all the values, we ot i
1

‘ N
? Fer= — 380 452

P (L) (6ag 2 P90
(750() } { (.,--J

factor of safety —__’_‘D_]uuad

AEWS

stﬂblht‘y Applied load”
09260
10000
than minimu
Jjg is mMOTe m requirement
jnce ion is safe. (ie., 2.5) o
d 1?3;168 our desigh buckling vl not oeeyr
an “latlo of efficiency :
c
oo : f screw drive, n= L
Efﬁclency tan (o + )
Lead angle of screw
Where o _
_1 Lead . (L
=tan [ circumference ]— tan (ﬁ J
Assllmmg single start thread,
Lead = Pitch =6 mm

-1
0= Friction angle =tan M

-10.1 (Assuming coefficient of friction p=0.1)

=tan
=5.7°
_ tand _ _(41=41%

“N=%an (4 +5.7)

Calculation of input power !

onNT

Power required, P="g watts.

4 =0.3 m/min

ear spee
(Lin - 300 mm/ min)

Linear speed
where N = rpm = ———T‘eﬁ"

=§9—0-=50rpm

6
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31,22
r= Torque t

W d tan (@+9)
e 2

ransmitted py the screw

10000 x 27 x tan (4* 5.7) _ 93076 N - mm
= 2

z23N—'m
2xnx50%23 _ 190 W

Now, power P= 60

e input power can b
Output power
Input POWer =" Efficiency

Note : Th

Qutput power= Load x Linear speed

0.3

0.0 |_50 N-m/s
=10000><( 60)

=50 W '

N 50
Input power =757 = 120 W‘

Specifications :

e calculated by another method.

1. Material for screw = C45 steel

9. Material for nut = Bronze.

3. Nominal (or major) diameter of screw = 30 mm

4. Major diameter of nut = 30.5 mm

5. “Minor diameter of screw = 24 mm

6. Minor diameter of nut = 24 mm

7. Lead for screw and nut = 6 mm

8. Number of starts = 1

9. Type of thread = Square thread
10. Efficiency of drive = 41%
11. Input power required = 120W
iz iength of nut = 84 mm
16, Tesimuer miet P

= 50 rpm

Problem 31.2 :

g m:l):mg? g screw jack to lift a load of 50 KN through 260 mm. The scre¥
the eff:rto 45' steel ar.ld the nut is made of cast-iron grade 20. Calculate
; required to lift the load at a leverage of 500 mm
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Screwed Spindle

wbjey Buppn

S

Y

wfjeny Apon

Y

Fig. 31.7: Screw jack
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