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Figure 8-1

Terminology of screw threads.
Sharp vee threads shown for
clarity; the crests and roots are
actually flattened o rounded
during the forming operation.

- To meet a need, or an opportunity; the designer often has to conceive (or invent,

up, or adapt) a form and express the  connectivity of its ‘parts in order to achi

- goal. Much of this mental sculpting is geometric in pature, because shape often pe

the achievement of function. Just consider the one-piece can opener which cre
trianguilar aperture in a can top. This is a single body which, because of shape, com
a machine (the lever), letting the can provide the fulcrum, allowing a human to's

' the energy to reliably cut and fold metal. Geometry and geometric thinking are A
involved in formulating a mechanical concept. '

In earlier times, casting, with all its freedom of shape, was important to the re2
of desirable forms in‘metal. Limitations on the shapes and sizes that can be cast, ho
restrict geometries. The idea of joints (an old one, too)—places whére’ separate.
could be assembled to create geometric forms not possible with casting—allow
designer more variation in shape, therefore more latitude with form. What woul
Jargest bridge if bridges could not be assembled from many parts, on site? Jus
mortise-and-tenon joint; and dowel pins, helped with wood structures, so did the
bolt and the rivet afford metal structures more freedom of form. The idea of a j
not new, but it can still do much for you as a designer." . S

- One kind of permanent joint is a nonpermarent joint that is never opened.
words, a nonpermanent joint continues a built-in option: to disassemble or
descriptive phrase “nonpermanent joint” is useful only if you remember not to

it from your arsenal of permanent joints:

The helical-thread screw was an important invention. It is the basis of th
fasteners, and an important element in. nonpermanent joints.

A threat to the function of a joint is the possibility that it opens uninten
thereby compromising its function, which is to preserve a greater, useful g

- Strength and stresses due to load interplay under the control of the designer. If ad

cannot ensure the integrity of a joint; then its use'is not available to achieve a ¢
geometric form, limiting conceptual opportunities. Hence we study joints first,
our conceptual horizons broad. .

‘Thread Standards and Definitions
The terminology of screw threads, illustrated in Fig. 81, is explained as follow:
~ The pitch is the distance between adjacent thread forms measured parall
thread axis. The pitch in U.S. units is the reciprocal of the number of thread f
inch N. : P
The major diameter d is the largest diameter of a screw thread. ]
The minor diameter d, or dy is the smallest diameter of a screw thread.

Major diameter
Mean diameter

Minor diameter

' —->l r— Pitch p
: \2 45° chamfer

%hread angle 20,
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~ Thelead [, not shown, is the distance the nut moves parallel to the screw axis when
the nut is given one turn. For a single thread, as in Fig. 8-1, the lead is the same as the
pich

A multiple-threadéd product is one having two or more threads cut beside each

other (imagine two or more strings wound side by side around a pencil). Standardized
products such as screws, bolts, and nuts all have single threads; a double-threaded screw
has a lead equal to twice the pitch, a triple-threaded screw has a lead equal to 3 times
the pitch, and so on. ; '

‘All threads are made according to the right-hand rule unless otherwise noted.

The American National (Unified) thread standard has been approved in this country
and in Great Britain for use on all standard threaded products. The thread angle is 60°
and the crests of the thread may be either flat or rounded.

Figure 8-2 shows the thread geometry of the metric M and MJ profiles. The M profile
replaces the inch class and is the basic ISO 68 profile with 60° symmetric threads. The MJ
profile has a rounded fillet at the root of the external thread and a larger minor diameter
of both the internal and external threads. This profile is especially useful where high
fatigue strength is required.

Tables 8-1 and 8-2 will be useful in specifying and designing threaded parts. Note
that the thread size is specified by giving the pitch p for metric sizes and by giving the
number of threads per inch N for the Unified sizes. The screw sizes in Table 8-2 with
diameter under % in are numbered or gauge sizes. The second column in Table 8-2 shows
that a No. 8 screw has a nominal major diameter of 0.1640 in.

A great many tensile tests of threaded rods have shown that an unthreaded rod
having a diameter equal to the mean of the pitch diameter and minor diameter will have
the same tensile strength as the threaded rod. The area of this unthreaded rod is called
the tensile-stress area A; of the threaded rod; values of A, are listed in both tables.

Two major Unified thread series are in common use: UN and UNR. The difference
between these is simply that a root radius must be used in the UNR series. Because of
reduced thread stress-concentration factors, UNR series threads have improved fatigue
strengths. Unified threads are specified by stating the nominal major diameter, the number
of threads per inch, and the thread series, for example, —58-”—18 UNREF or 0.625"-18 UNRF.

Metric threads are specified by writing the diameter and pitch in millimeters, in that
order. Thus, M12 x 1.75 is a thread having a nominal major diameter of 12 mm and a

ds. D{d) = basic l/__;
er of internal
ﬁu’ecd; D] (d1) = % %!
diameter of infernal 1
dhread; Dy (do) = H _—60°
diameter of internal 4 '
thread; p = pitch; H

. AN 4 N K 60°
P- o 30° N/
: >
: . !

s P
d profile for metricM *’-i § “_'Intemal threads
4

p
External threads D,.d,
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Table 8-1

Diameters and Areas of
Coarse-Pitch and
Fine-Pitch Metric Threads.
(All Dimensions in
Millimeters)*

pitch of 1.75 mm. Note that the letter M, which precedes the diameter, is the clué

Coarse-Pitch Series Fine-Pitch Series

Nominal Tensile- Minor- Tensile- Minor-
Major Pitch  Stress  Diameter Pitch  Siress Diameter
Diameter d P Arca A; Area A, P Area A;  Area A;

1.6 0.35 1.27 1.07.

2 0.40 2.07 1.79

2.5 0.45 3.39 2.98

3 0.5 5.03 4.47

3.5 0.6 6.78 6.00

4 0.7 8.78 7.75

5 0.8 14.2 12.7

6 1 20.1 17.9

8 1.25 36.6 32.8 1 - 39.2 36.0
10 1.5 58.0 52.3 1.25 61.2 56.3
12 1.75 84.3 76.3 1.25 92.1 86.0 "
14 2 15 104 1.5 125 116
16 2 157 144 1.5 167 157
20 2.5 245 225 1.5 272 259
24 3 353 324 2 384 365
30 3.5 561 519 2 621 596
36 4 817 759 2 9215 884
42 4.5 1120 1050 2 1260 1230
48 5 1470 1380 2 1670 1630
56 5.5 2030 1910 2 2300 2250
64 6 2680 2520 2 3030 2980
72 6 3460 3280 2 3860 3800
80 6 4340 4140 1.5 4850 4800
90 6 5590 5360 2 6100 6020

100 6 6990 6740 2 7560 7470
110 2 9180 9080

* The equations and dofa used o develop this table have been obtained from ANSI B1.1-1974 and B18.3.1-1978. The minor diomees
was found from the equation d; = d — 1.226 869p, and the pitch diometer from dy, = d — 0.649 519p. The mean.of the piide
diameter and the minor diameter was used to compute the fensile-stress area.

i

metric designation.
Square and Acme threads, shown in Fig. 8-3a and b, respectively, are use
screws when power is to be transmitted. Table 8-3 lists the preferred pitches for
series Acme threads. However, other pitches can be and often are used, since the
for a standard for such threads is not great. ’
Modifications are frequently made to both Acme and square threads. For in
the square thread is sometimes modified by cutting the space between the teeth so
have an included thread angle of 10 to 15°. This is not difficult, since these threa
usually cut with a single-point tool anyhow; the modification retains most of the
efficiency inherent in square threads and makes the cutting simpler. Acme threads
sometimes modified to a stub form by making the teeth shorter. This results in &
minor diameter and a somewhat stronger screw.
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8-2
sers and Area of Unified Screw Threads UNC and UNF*

Coarse Series—UNC Fine Series—UNF

Nominal -Tensile- Minor- Tensile- Minor-
Major Threads Stress Diameter  Threads Stress Diameter
Diameter perInch  Area A; Area A, periInch  Area A; Area A,
in N in? in? in? in?

0 0.0600 0.00180  0.001 51
1 0.0730 64 000263  0.00218 72 000278  0.00237
2 0.0860 56 000370  0.003 10 64 0.00394  0.00339
3 0.0990 48 0.00487  0.00406 56 000523  0.00451
4 0.1120 40 - 000604  0.00496 48 - 000661  0.00566
5 01250 , 40 0.00796  0.00672 44 000880 000716
6 0.1380 32 0.00909  0.007 45 40 001015  0.008 74
8 0.1640 32 00140 001196 36 001474  0.01285
10 0.1900 24 00175 001450 32 00200 00175
12 0.2160 24 00242 00206 28 00258  0.0226
1 0.2500 20 00318 ~ 00269 28 00364 00326
: 0.3125 18 00524 00454 24 00580 = 0.0524
2 0.3750 16 00775 - 0.0678 24 00878  0.0809
1 0.4375 14 0.1063  0.0933 20 01187  0.1090
1 0.5000 13 0.1419 01257 20 01599  0.1486
2 0.5625 12 0.182 0.162 18 0.203 0.189
s 0.6250 1 0.226 0.202 18 0.256 0.240
! 0.7500 10 0.334 .0.302 16 0.373 0.351
1 0.8750 9 0.462 0419 14 0.509 0.480
1 1.0000 8 0.606 0551 12 0.663 0.625
11 1.2500 7 0.969 0.890 12 1.073 1.024
14 1.5000 6 1405 - 1.294 12 1.581 1.521

s fuble was compiled from ANSI B1.1-1974. The minor diaﬁje}érﬁﬁs found fromthe eqi!dtgon d i d=1.299 »038p:,> and the pitch diameter from d, = d— 0.649 519p.
sean of the pitch diometer and the minor diameter was used fo compute the fensile-stress area.. ‘ '
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8-2 The Mechanics of Power Screws
A power screw is a device used in machinery to changé angular motion into linear o

and, usually, to transmit power. Familiar applications include the lead screws of Iz

and the screws for vises, presses, and jacks. \

is shown in Fig. 8—4. Ye

An application of power screws to a power-driven jack
should be able to identify the worm, the worm gear, the screw, and the nut. Is the wo

gear supported by one bearing or two?
InFig. 8-5 asquare-threaded power screw with single thread having a mean diame
d,, apitch p,alead angle A, and 2 helix angle ¥ is loaded by the axial compressive

F. We wish to find an expression for the torque required to raise this load, and anot
expression for the torque required to lower the load.

Figure 8-4

The Joyce worm-gear screw
jack. (Courtesy Joyce-Dayton
Corp., Dayton, Ohio.)




D

pre 8-5

Of a power screw.

e diagrams: {d) lifting the
d; (b} lowering the load.
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First, imagine that a single thread of the screw is unrolled or developed (Fig. 8-6)
for exactly the single turn. Then one edge of the thread will form the hypotenuse of a
right triangle whose base is the circumference of the mean-thread-diameter circle and
whose height is the lead. The angle A, in Figs. 8-5 and 8-6, is the lead angle of the
thread. We represent the summation of all the unit axial forces acting upon the normal
thread area by F. To raise the load, a force P acts to the right (Fig. 8~6a), and to lower
the load, P acts to the left (Fig. 8-6b). The friction force is the product of the coefficient
of friction # with the normal force N, and acts to oppose the motion. The system is in
equilibrium under the action of these forces, and hence, for raising the load, we have

> Fy=P—Nsini— fNcosh =0

{a)
Y Fy=F+ fNsini—Ncosh =0
In a similar manner, for lowering the load, we have
> Fg=—P—Nsink+ fNcosi =0 "

Y Fy=F - fNsini—Ncosi=0

Since we are not interested in the normal force N, we eliminate it from each of these
sets of equations and solve the result for P. For raising the load, this gives

B F(sinA + fcosA)
T cosA— fsink

()
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and for lowering the load,
_ F(fcosh— sin 1)
© cosA+ fcosh
Next, divide the numerator and the denominator of these equations by cos A and use
relation tan A = [/md,, (Fig. 8-6). We then have, respectively, '
_FlWmdn)+f1 -
1= (fl/mdm)
p_ FLf = /mdy)]
1+ (fl/7dn) ‘_
Finally, noting that the torciﬁemivs the productofthe force P and the mean radius Gy
for raising the load we can write e :

where 7 is the torque required for two purposes: to overcome thread friction and to ra

the load.
The torque réquired fo lower the load, from Eq. (f), is found to be

This is the torque required to overcome a part of the friction in lowering the load.
may turn out, in specific instances where the lead is large or the friction is low, th
load will lower itself by causing the screw to s$pin without any external effort. In
cases, the torque T from Eq. (8-2) will be negative or zero. When a positive torq
obtained from this equation, the screw is said to be self-locking. Thus the conditio

self-locking is .

Tfdy > 1

Now divide both sides of this inequa]ity by nd,,. Recognizing that I /7 d,, = tan
get

f >tan\

This relation states that self-locking is obtained whenever the coefficient of thread fri
is equal to or greater than the tangent of the thread lead angle. '
An expression for efficiency is also useful in the evaluation of power screws.
let f = 0 in Eg. (8-1), we-obtain
Fl
Ty = — .
07 2
which, since thread friction has been eliminated, is the torque required only to rai
load. The efficiency is therefore

Fl

= — =

T ~ 2xT




1us dp,
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re 8~7

Normal thread force is
ased because of angle «;
rust collar has frictional

me T'dc.
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The preceding equations have been developed for square threads where the normal
thread loads are parallel to the axis of the screw. In the case of Acme or other threads,
the normal thread load is inclined to the axis because of the thread angle 2« and the lead
angle A. Since lead angles are small, this inclination can be neglected and only the effect
of the thread angle (Fig. 8-7a) considered. The effect of the angle « is to increase the
frictional force by the wedging action of the threads. Therefore the frictional terms in
Eq. (8-1) must be divided by cos c. For raising the load, or for tightening a screw or
bolt, this yields '

(8-5)

In using Eq. (8-5), remember that it is an approxxmatmn because the effect of the lead
angle has been neglected.

For power screws, the Acme thread is not as cfﬁc1ent as the square thread, because
of the additional friction due to the wedging action, but it is often preferred because it
is easier to machine and permits the use of a split nut, which can be adjusted to take up
for wear.

Usually a third component of torque must be applied in power-screw applications.
When the screw is loaded axially, a thrust or collar bearing must be employed between
the rotating and stationary members in order to carry the axial component. Figure 8-7b
shows a typical thrust collar in which the load is assumed to be concentrated at the mean
collar diameter d. If f. is the coefﬁcwnt of collar friction, the torque required is

Ffed.
2

For large collars, the torque should probably be computed in a manner similar to that
employed for disk clutches.

- Nominal body stresses in power screws can be related to thread parameters as fol-
Jows. The nominal shear stress 7 in torsion of the screw body can be expressed as

16T

T = ;d—g (8"'7)

T. = (8-6)
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Figure 8-8

Geometry of square thread
useful in finding bending and
transverse shear stresses at the
thread root.

The axial stress o in the body of the screw due to load F' is

F 4F

O = — = —
A wd?

in the absence of column action. For a short column the J. B. Johnson equation is

(5).-s- (22
A, 7 \27 k)CE

after Eq. (4-53). »
Nominal thread stresses in power screws can be related to thread parameters as

follows. The bearing stress in Fig. 8-8, o3, is

_ F _2F

" wdunip/2 T wdmnep

OB

where n, is the number of engaged threads. The bending stress at the root of the thre
oy is found from

I (ednm)(p/2* _w 2 Fp
Lo e IR g, M=
c 6 24P 4
SO
M Fp 24 6F ;
Gp = = -2 (8-11

I/c 4 mdnp? - wdp

The transverse shear stress T at the center of the root of the thread due to load F is
_ 3V _ 3 F _ 3F

T 24 2 wdwmp/2  wdmp

and at the top of the root it is zero. The von Mises stress o’ at the top of the root “plane
is found by first identifying the orthogonal normal stresses and the shear stresses. Fro
the coordinate system of Fig. 8-8, we note ;

(8-1

6F . 16T
Oy ——— ) =
T wdonp > nd?
oy, =0 Ty, =0
4F
o, = ——errz Ty =0

then use Eq. (k) of Sec. 6-7. Alternatively, one can recognize that this is a plane-stres
situation, find the nonzero principal stresses, and find the von Mises stress using
(6-13).
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The screw-thread form is complicated from an analysis viewpoint. Remember the
origin of the tensile-stress area A; which comes from experiment. A power screw lifting
a load is in compression and its threat pitch is shortened by elastic deformation. Its
engaging nut is in tensjon and its thread pitch is lengthened. The engaged threads cannot
share the load equally. Some experiments show that the first engaged thread carries 0.38
of the load, the second 0.25, the third 0.18, and the seventh is free of load. In estimating
thread stresses using the equations above, substituting 0.38 F for F and setting n, to 1
will give the largest level of stresses in the thread-nut combination. :







