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18. Power Screws and Ball Screws

Objectives

« Recognize and understand advantages and disadvantages of different
types of power screws.

« Determine the power necessary for driving power screws at different
speeds and torques.

+ Understand principles of operation of ball screws and how they differ
from friction-type power screws.

* Understand and calculate torque and efficiencies of power screws and
ball screws.

* Understand and envision how power screws and ball screws can be
used in different designs.
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MACHINE DESIGN ...
Power screw

A screw and nut to
transmit power or
motion

The axial
movement of the
nut is used to drive
aload

FIGURE 11.31  Power screw
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Tooth profiles

Square Acme
% p = pitch
\-200./
o7 - ,"*- 70
5p Sp— N | =163

Square threads Acme thread Buttress thread
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Tooth profiles

¢ Square thread

— Most efficient for transferring torque to linear motion
* Acme thread

— Easier to make

— Good when well lubricated

— Efficiency slightly lower than square
* Buttress thread

— More efficient than Acme

— Closer to square than Acme

— Used when force is transmitted in only direction
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an“r TRBLE 18.1
STANDARDS FOR SOUARE THREADS,
ACHE THREADS. AKD BALL SCREWS

Square feme Ball
Threads Threads Screws
Size, Threads Hinar Threads Himor Threads
Inches par Inch Diameter per Inch Biamatar Ll Im.jn
L 163 16 we
% u 4
] a 266 1’ 92 L
. Q 354
64 1k 0 400 $
i 5t Asb ] 500
5 5 575 & 583 2
4 681 L] 708
1 4 78 5 8OO
1 5 4925
14 3 1000 5 1050
1% 4 1125
1% 3 1208 4 1250 2
i % 400 4 1500
1 n 1682 4 1750
4 7 1862 3 1917
% 2 2063 3 %7
F 2 238 3 2417
1 1% 2500 2 2500 [
1 % 2962 rd 3000
4 1 1418 2 3500
4% 2 4000
" 5 2 4500 5
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Torque, power and Efficiency

* Lead screw can be
considered as an inclined
plane

npE

nD,

+ A= angle of incline
* L=lead

¢ D, = pitch diameter

FIGURE 1134 Power serew concer
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Fig. 18.2 Force required to push a box up or
down an incline

F = Force required to move the load
Fr = Friction force

N = Normal force

k= Lead angle

Dp = Pitch diameter

Thread
SUﬁace F = Load to be moved

= Do N
(a) Force exerted up the plane (b) Force exerted down the plane
THORMBON 7
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Torque, power and Efficiency

Pitch diameter = Mean diameter

* Torque (T,,) needed to move a load up or
horizontally against a force is

L FD,(L+=fD, Eq 18.2
® 2 |nD,-fL

¢ f = coefficient of friction
e L=lead
* D, = pitch diameter
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Torque, power and Efficiency

» Torque (Ty,wn) Needed to lower a load is

B g eiD, -1 Eq 183
RN D+ £1

* f = coefficient of friction
e L =lead
* D, = pitch diameter
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Example Problem 18-1: Torque, Power, and Efficiency
in Power Screws
« Elevator-type lift is being designed to raise a load of up to 5000 pounds between floors.
« Two square-thread lead screws, 1%z inches in diameter, are used for this application.

« Determine torque required to raise lift if moving part of elevator weighs 800 pounds and
coefficient of friction is assumed to be .15.

~ From Table 18-1, the 1%-inch-square thread has three threads per inch:

15+1.208
2

Dn = = 1.354in

— Determining the torque up:
182)
o [ (m]
w="2 (ZD,-fL

S (5300 |u) [1.354 |n) 13 in + 7 .15 (1354 in)
w=T8 2 7(1.3541n) - 15 (13 in)

Ty = 454in-Ib (for each lead screw)
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Efficiency of a power screw

« Efficiency, e is given by

> tanA (1 - f tan A) Eq 18.8
tanA + f
¢ Self locking is when f > tan A Eq 18.6
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Example Problem 18-2: Efficiency of a Power Screw

« For elevator described in previous example problem, find efficiency and power required
if each lead screw is driven at 175 rpm.

- The lead angle is:
ash

L
= o
13in
anl =21 3s4in
2= a5

~ The efficiency would be:

tan 4 (1-ftan A
e =

tan 4 +f

189)

_ tan45° (1-.15tan 457
€= tan 45+ .15

e = 34%
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Example Problem 18-2: Efficiency of a Power Screw
(cont'd.)

~ Power would then be:
Tn
P = &0
_ 454(175)
63,000

P = 126hp (perlead screw)
or
P = 252hp (total)
— Verifying that this is self-locking:
f>tani
f > tan45°
.15 > .079
« Yes, itis self-locking.
THOrRON 13
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Acme Threads

FD, (cos ¢ tan A +f
2 \coso—f tan A

* Torque up is T, =

» ¢ =face angle 14 %% °
» Torque down is
FD,( f - cos ¢ tan A

lown 2
2

Td
cos ¢ + f tan &
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Example Problem 18-3: Acme Threads

« For elevator in Example Problem 18-1, find torque and power if a 1%-inch diameter
acme thread was substituted:

(om Table18-1)
15+125
Dp = D = =252

= 1375
a5
L
tan A = ”Dn
14
137
i=33
1, = FDe [gwsgtani.nl
w="2 ((cosp-tan2)

a89)

T [ssuo Ib] [1.375 in) [[cos 14.5° tan3.3° +.15]]
w={"2 2 [cos 14.5° - 15 (tan 3.3°)]

Ty = 428in-Ib

« This result is lower than that of Example Problem 18-1 because lead is lower, not

because an acme thread is more efficient.
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Example Problem 18-3: Acme Threads (contd.)

« Find the power.

« For obtaining the same rate, drive speed would need to be changed by ratio
of leads.

n= 175-%: 233 rpm

@6)

Tn
P = 3,000

428 in-Ib 233 rpm
63,000

P = 1.59hp (per lead screw)

» This value reflects the lower efficiency of an acme versus a square thread.
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Problem 18-7

« For the bottle jack shown, using a 1%2-inch square thread, f = .15, and
F = 7500 pounds, determine the torque required to raise this load.
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Problem 18-7 (contd.)

— For 1¥%-inch square thread:

3 threads/inch Minor diameter of 1.208 (Table 18-1)
1.5+1.208
Dy = D, = =5
Dy = 1.354 inch
= ! L)
n - (s sy
333
o
- (1[ 1.354]

=45°
Ty = ED, [L+n IDE)

2 (7 D,-fL -
1, = 150001.354 (vmw s 3541]
w 7 (1.354)—.15(333)
Ty = 1170 in-Ib
. 18
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