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UNITED STATES DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

HANDBOOK H?28
SCREW-THREAD STANDARDS
FOR FEDERAL SERVICES

APPENDIX A4
1969

METHODS OF WIRE MEASUREMENT
OF PITCH DIAMETER OF 60° THREADS







On a straight thread, the pitech diameter is the
diameter of the cylinder whose surface passes through
the thread profiles at such points as to make the
widths of thread groove and thread ridge equal.

On a taper thread, the pitch diameter at a given
position on the thread axis is the diameter of the
piteh cone at that position.

The degree of accuracy to which the pitch
diameter can be measured will depend on the accu-
racy of lead, helix, and form of thread. As thread
plug gages and thread setting plug gages have highly
accurate threads, their pitch diameters may be
measured to a correspondingly high degree of accu-
racy by applying the methods described in this
appendix. In turn, the virtual diameters (or effective
sizes) of thread ring, most snap, and most indicating
gages may be determined by fitting or comparison
with such setting plug gages. Those snap and indi-
cating gages which utilize elements with curved eon-
tacts have a pitch (simple effective) diameter de-
termined by comparison to the applicable setting
plug gages.

As most threads of mechanical fasteners and com-
ponents are made to a lesser degree of accuracy than
gage threads, their pitch diameters are not suseepti-
ble to accurate determination by direct measuring
methods. Therefore, it is not recommended that such
threads be measured by the use of wires. On such
threads, the pitch diameter is to be regarded as the
pitch cylinder or cone which would bound, on the
maximum-material side, the approximately cylindri-
cal or conical surface which would pass through the
thread profiles at all points such that the widths of
the thread and groove are equal. Accordingly, the
conformity of such threads with specified pitch di-
ameter limits is determined by gaging means and
methods specified in section 6.

The accurate measurement of pitch diameter of a
thread, which may be perfect as to form and lead,
presents certain difficulties which result in some un-
certainty as to its true value. The adoption of a
standard uniform practice in making such measure-
ments is, therefore, desirable in order to reduce such
uncertainty of measurement to a minimum. The
so-called ‘“‘three-wire method” of measuring pitch
diameter of straight thread plug gages, as outlined
herein, has been found to be the most generally
satisfactory method when properly carried out, and
is recommended for universal use in the direct meas-
urement of thread plug and thread setting plug
gages. (See fig. A4.1.)

1. SIZE OF WIRES

In the three-wire method of measuring piteh di-
ameter, small hardened steel eylinders or wires of

212-851 O - 76 - 18

MEASURING CONTACT
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(dp——
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o5 Mw P

Ficure A4.1. Three-wire method of measuring pitch diameter
of straight thread plug gages.

correet size are placed in the thread groove, two on
one side of the screw and one on the opposite side,
as shown in figure A4.1. The contact face of the
comparator, measuring machine, or micrometer anvil
or spindle over the two wires must be sufficiently
large in diameter to touch both wires; that is, the
diameter must be greater than the pitch of the
thread. It is best to select wires of such size that
they touch the flanks of the thread at the midslope
since the measurement of pitch diameter is least
affected by any deviation in thread angle that may
be present when such size is used. The size of wire
that touches exactly at the midslope of a perfect
thread of a given pitch is termed the “best-size”
wire for that pitch. Any size, however, may be used
that will permit the wires to rest on the flanks of the
thread and also project above the crest of the thread.

The depth at which a wire of given diameter will
rest in a thread groove depends primarily on the
pitch and included angle of the thread and, sec-
ondarily, on the angle made by the helix at the
point of contact of the wire and the thread, with a
plane perpendicular to the axis of the screw. Inas-
much as variation in the lead angle has a very small
effect in determining the diameter of the wire that
touches at the midslope of the thread, and as it is
desirable to use one size of wire to measure all

A4.01




threads of a given pitch and included angle, the
best-size wire is taken as that size which will touch
at the midslope of a groove cut around a cylinder
perpendicular to the axis of the cylinder, and of the
same angle and depth as the thread of the given
pitch. This is equivalent to a thread of zero lead
angle. The size of wire touching at the midslope, or
“best-size” wire, is given by the formula:

b
=5 seca
in which
W =diameter of wire
p=npitch
a=half included angle of thread.
This formula reduces to—

W =0.57735p, for 60° threads.

TABLE A4.2. Wire sizes and constants for all USA
Standard 60° threads (Unified, hose-coupling, and pipe)

i Depth of Wire sizeso
pread Pitch, Pl—;m » | 'V thread,
Threads o

per inch, p= 1 p 1 cot 30° Best, | Maximum, Minimum,
n n 5= 2n 0.577350p 1.010363p | 0.505182p

1 2 3 4 5 6 7

in in in in in in
80 0.012500 | 0.00625 | 0. 010825 | 0.00722 | 0.01263 0.00631
72 .013889 . 00694 012028 .00802 .01403 .00702
64 015625 .00781 013532 00902 01579 .00789
56 017857 .00893 .015465 .01031 .01804 00902
50 026000 .01000 .017321 01155 .02021 01010
48 .020833 01042 018042 01203 .02105 .01052
44 .022727 .01136 019682 01312 .02296 01148
40 025000 01250 | .021651 .01443 -02526 .01263
36 027778 .01389 024056 01604 02807 01403
32 031250 .01562 027063 .01804 03157 01579
30 .033333 01667 028868 01925 .03368 .01684
28 035714 .01786 .030929 02062 .03608 .01804
27 .037037 -01852 032075 .02138 03742 .01871
26 :038462 .01923 .033309 02221 -0388671 " .01943
24 041667 02083 036084 -02406 04210 02105
22 045445 -02273 | .039365 .02624 .04592 .02296
20 050000 102500 | 043301 .02887 105052 .02526
18 055556 02778 048113 .03208 .05613 02807
16 062500 .03125 054127 .03608 06315 .03157
14 071429 0357t -061859 |, .Q4124 07217 .03608
13 .076923 03846 | .066617 04441 07772 .03886
12 083333 04167 .072169 .04811 .08420 04210
11.5 086957 .04348 075307 05020 .08786 .04393
11 080909 04545 078730 05249 09185 .04593
10 . 100000 05000 | 086603 05774 .10104 05052
9 L1111 05556 096225 08415 .11226 .05613
8 .125000 . 06250 . 108253 07217 .12630 .06315
75 .133333 06667 | 115470 07698 13472 .08736
7 . 142857 07143 123718 .08248 .14434 07217
6 . 166667 .08333 .144338 .09623 .16839 08420
5.5 .181818 09091 157459 10497 18370 09185
5 .200000 .10000 | .173205 11547 .20207 .10104
4.5 222222 L1111 .192450 12830 22453 11226
4 -250000 .12500 . 216506 14434 25259 12630

= These wire sizes are based on zero lead angle, Also maximum and minimum sizes
are based on a width of flat at the crest equal to 0.125p. The width of flat of USA
Standard pipe thread gages is slightly less than this, so that the minimum size listed is
slightly too small for such gages. In any case the use of wires of either extreme size is
to be avoided.
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It is frequently desirable, as, for example, when a
best-size wire is not available, to measure pitch
diameter by means of wires of other than the best
size. The minimum size that may be used is limited
to that permitting the wire to project above the
crest of the thread, and the maximum to that per-
mitting the wire to rest on the flanks of the thread
just below the crest, and not ride on the crest of the
thread. The diameters of the best size, maximum,
and minimum wires for all USA Standard 60° threads
are given in tables A4.2 and A4.3.

When using wires of other than the best-size, pre-
cautions must be observed in the calculation of
pitch diameter. Actual measured values for half-
angles and the angle between the axis of the wire and
a plane perpendicular to the axis of the thread must
be used for the caleulation of pitch diameter when
using wires other than best-size. The uncertainties
of the values used and the different wire contact con-
ditions will increase the uncertainty of the pitch
diameter measurement,

2. METHODS OF MEASURING AND
USING WIRES

The computed value for the pitch diameter of
serew thread gage obtained from readings over wires
will depend upon the accuracy of the measuring
instrument used, the contact force, and the value of
the diameter of the wires used in the computations.
In order to measure the pitch diameter of a 60°
screw-thread gage to an accuracy within 0.0001 in
by means of wires, it is necessary to know the wire
diameters to within 0.00002 in. Accordingly, it is
necessary to use a measuring instrument that reads
accurately to 0.00001 in.

Variations in diameter around the wire should be
determined by rotating the wire between a flat
measuring contact and an anvil having the form of
a 60° V-groove. Variations in diameter along the
wire should be determined by measuring between 2
flat contact and a cylindrieal anvil.

A wire presses on the flanks of a 60° thread with
the force that is applied to the wire by the measuring
instrument. Inasmuch as the wire and thread deform
at the contact areas, it is desirable to determine
the size of the wire under conditions which will
compensate for this deformation. Tt is recommended
for standard practice that diameters of wires be
measured between a flat contact and g hardened
and accurately ground and lapped steel cylinder
having a diameter of 0.125 in. for wires used on
threads having more than 40 up to and including
80 tpi and 0.750 in. for wires used on threads having
40 and fewer tpi with the force used in measuring
the pitch diameter of the gage. The plane of the




TaBLE A4.3. Relation of best wire diameters to pilches for all USA Standard 60° threads (Unified, hose-coupling, and pipe)®
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# The crosses (X) indicate those wire diameters which can be used for each pitch. An encircled cross (®) indicates the ‘“best wire”

flat contact should be parallel to the contact element
of the cylinder within 0.000005 in.

To avoid a permanent deformation of the material
of the wires or gages, it is necessary to limit the
contact force and, for consistent results, a uniform
practice as to contact force in making wire measure-
ments of hardened screw threads gages is necessary.
The practice recommended is to use the following
forces:

Threads per inch Measuring force (+4-10%,)

2.5 pounds C

200rless. . __._______
Above 20 thru 40_ . _________ 1 pound
Above 40 thru 80_ .. ____.___ 8 ounces
Above 80 thru 140_______.__| 4 ounces
Above 140__ ______________._ 2 ounces

The use of other contact forces will cause a difference
in the reading over the wires and to completely
compensate for such errors is impractical.

The practice of using holding means, such as
rubber bands, which has a tendency to prevent the
wires from adjusting themselves to the proper po-
sition in the thread grooves, will result in false
measurements. In some cases it has also been the
practice to support the gage being measured on two

diameter for that tpi-which heads the column.

wires, which are in turn supported on a horizontal
surface, and measuring from this surface to the top
of a wire placed over and between the other wires.
If the gage is of large diameter, its weight causes an
increase in the elastic deformation at the contact
points and an inaccurate reading is obtained. Tests
on a 1-12 UNI" setting plug gage showed 2 0.00001 in.
error when measured in this manner. This practice
should therefore be avoided for gages of such size
and larger. Wires from different sets of the same
nominal diameter should not be ‘mixed unless eali-
brated because thread wires in different sets may
not have the same diameter. (See par. 3.2.)

In order to minimize the deviation of the measured
pitch diameter from the true pitch diameter (ne-
glecting the effect of lead angle) and reduce the
chance of permanently deforming the gages and
wires, this revision contains a change in the recom-
mended measuring practice for threads and wires
for threads having more than 40 up to and including
80 tpi. The new recommended practice reduces the
force for measuring gages and wires from one to
0.5 Ib and the size of the cylinder over which the
wires are measured from 0.750 to 0.125 in. As a
result of this change, the measured pitch diameters
of threads in this range will be approximately 0.00005
in. larger than they were under the previous recom-
mended practice.

The measured value will be much closer to the
true pitch diameter, however. Plug gages manu-
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Sactured prior fo this revision and within tolerance
when measured under the previous recommended prac-
tice but mot within tolerance when measured under the
new recommended proctice should be comsidered as
within tolerance for a transition period. With the new
recommended practice, it can be shown that for all
sizes of threads up to 1.500 in.in the fine thread
series (UNF) and all sizes up to 2.000 in.in the
coarse thread series (UNC), the measured pitch
diameter will not differ from the true pitch diameter
(neglecting the effect of lead angle) in excess of
0.000035 in. Slightly larger discrepancies in the 2 to
4 in.size range are relatively unimportant because

these sizes have larger tolerances. The measured
diameter of the thread wires for threads having
more than 40 up to and including 80 tpi under the
new recommended practice differ by less than two
microinches from the measured diameter under the
previous recommended practice. Therefore, neither
wire diameters nor corrections for computing pitch
diameter need be changed.

Measurements of a thread plug gage made in
accordance with these instructions, with wires that
conform to the following specifications, should be
accurate to within 0.0001 in.

3. STANDARD SPECIFICATION FOR WIRES AND STANDARD PRACTICE
IN MEASUREMENT OF WIRES

The following specifications represent present prac-
tice relative to thread measuring wires:

3.1. ComposiTion.—The wires shall be accu-
rately finished, hardened steel eylinders of the maxi-
mum possible hardness without being brittle. The
hardness shall not be less than that corresponding
to a Knoop indentation number of 630. A wire of
this hardness can be cut with a file only with diffi-
culty. The surface shall not be rougher than the
equivalent of one having a surface roughness rating
of 2 microinches arithmetical average.

3.2. DiaMETER oF WirEs.—One set of wires
shall consist of three wires that shall have the same
diameter within 0.00001 in., and this common di-
ameter shall be within 0.00002 in of that corre-
sponding to the best size for the tpi for which the
wire is to be used. Wires shall be measured between
a flat contact and a hardened and accurately finished
cylinder having a surface roughness rating not in
excess of 2 microinches arithmetical average. The
measuring forces and cylinder diameters shall be as
follows:

Measuring Cylinder
Threads per inch force diameter
(£10%)

20 orless...____ 2.5 pounds 0.750 inch
Above 20 thru 40______ 1 pound 0.750 inch
Above 40 thru 80_____. 8 ounces 0.125 inch
Above 80 thru 140.____. 4 ounces .| 0.050 inch
Above 140____________ 2 ounces /10,020 inch

Using these conditions, the uncertainties of the wire
diameter measurement due to other metrological
considerations should be limited and not exceed
0.000010 in.

An acceptable technique for the measurement of
the diameter of each set of thread measuring wires
is to compare them to a reference master wire with
a suitable comparison measuring instrument having
any anvil shape or measuring foree consistent with
good metrological practice. The diameter of each
reference master wire, however, must be calibrated
by the specified technique with an uncertainty not
in excess of 0.000005 in.

Wires which are to be used where the contact
of the wire is a line contact, such as in gear wires,
should not be used for measuring thread gages. The
recommended practice for measuring such wires is
between flat parallel contacts with a one pound
force.

3.3. VARIATIONS IN DIAMETER.—Variations in
diameter along a wire (taper) over the 1 in. interval
at the center of its length shall not exceed 0.000010
in as determined by measuring between a flat contact
and a cylindrical contact. Variations from true cy-
lindrical contour of a wire (out-of-roundness or non-
circular cross section) over its 1 in.central interval
shall not exceed 0.000010 in as determined by meas-
uring between a flat measuring contact and a well
finished 60° V-groove.

Tests for compliance of thread measuring wires
with the above specifications are made by the
National Bureau of Standards for a stated fee.

4. GENERAL FORMULA FOR MEASUREMENT OF PITCH DIAMETER

The general formula for determining the pitch
diameter of any thread whose flanks are symmetrical
with respect to a line drawn through the vertex and
perpendicular to the axis of the thread, in which the
slight effect of lead angle is taken into account, is

cot o

E=Mw+ o

—w[1+ (cosec? a+cot? a tan? \') 127,
(1)
Ad.04

in which

E =pitch diameter
M., =measurement over wires
a=half angle of thread
7=number of threads per inch=1/p
w=mean diameter of wires
A" =angle between axis of wire and plane perpen-
dicular to axis of thread.




This formula is a very close approximation, being
based on certain assumptions regarding the positions
of the points of contact between the wire and the
thread.

Formula (1) can be converted to the following
simplified form, which is particularly useful when
measuring threads of large lead angle:

E=Mw+9(;t—1;x—w(1+cosec o), (2)

in which ¢ = the angle whose tangent = tan « cos \'.

When formula (1) is used, the usual practice is
to expand the square root term as a series, retaining
only the first and second terms, which gives the
following:

cot a

E=Mw+ on

237 1
~w(1+cosec a_l_tan N cos o cot a>.

2

(3)

@

For large lead angles it is necessary to measure
the wire angle, N, but for lead angles of 5° or less,
if the “best-size’” wire is used, this angle may be
assumed to be equal to the lead angle of the thread
at the pitch line, A\. The value of tan \, the tangent
of the lead angle, is given by the formula

L 1
3.1416E ~ 3.1416NE

tan A=

in which

L=lead
N =number of turns per inch

E =nominal pitch diameter, or an approximation
of the measured pitch diameter.

5. MEASUREMENT OF PITCH DIAMETER OF ALL USA STANDARD 60°
STRAIGHT THREADS (UNIFIED, HOSE-COUPLING, AND PIPE)

For threads of the Unified standard series, the
term

w tan? N cos o cot o
2

is neglected, as its value is small, being in all cases
less than 0.00015 in for standard fastening screws
when the best-size wire is used, and the above
formula (3) takes the simplified form

E=Mw—l—%g—w(l+cosec a). (4)

This practice is permissible provided that it is uni-
formly followed, and in order to maintain uniformity
of practice, and thus avoid confusion, the National
Bureau of Standards uses formula (4) for such
threads. The Bureau also uses formula (4) for special
60° threads, except when the value of the term™ *~

w tan? \ cos « cot o
2

exceeds 0.00015 in., as in the case of multiple
threads, or other threads having exceptionally large
lead angles. For 60° threads this term exceeds
0.00015 when NE /7 is less than 17.1.

Tor a 60° thread of correct angle and thread form
formula (4) simplifies to

0.86603

E=Mw+ n

3w. (5)

Jfor a given set of best-size wires
E=M,-C
when

co

t «
2n

C=w(1l+cosec a)—

The quantity C is a constant for a given thread
angle, and, when the wires are used for measuring
threads of the pitch and angle for which they are
the best size, the pitch diameter is obtained by the
simple operation of subtracting this constant from
the measurement taken over the wires. In fact,
when best-size wires are used, this constant is
changed very little by a moderate deviation in the
angle of the thread. Consequently, the constants for
the various sets of wires in use may be tabulated,
thus saving a considerable amount of time in the
inspection of gages. However, when wires of other
than the best size are used, this constant changes
appreciably with a deviation in the angle of the
thread.

1t has been shown that, with the exception of
coarse pitch screws, variation in angle from the
basic size causes no appreciable change in the quan-
tity C for the best-size wires. On the other hand,
when a wire near the maximum or minimum allow-
able size is used, a considerable change occurs, and
the values of the cotangent and cosecant of the
actual measured half angle are to be used. It is
apparent, therefore, that there isa great advantage
in using wires very closely approximating the best
size. For convenience in carrying out computations,
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the values of cot a/2n for standard pitches are given E=M,— (C+c)
in table A4.2.

When the value of the term Tabular values for (C+c); for a 1-in axial pitch
serew for 60° threads are given in table A4.4 which

w tan® A’ cos a cot o values should be divided by the threads per inch

( B ) for a given case. (See appendix in Part I11, titled

“Three-wire method of measurement of pitech di-
exceeds 0.00015 in., the following pitch diameter  ameter of 29° Acme, 29° Stub Acme, and Buttress
formula should be used: threads,” for further details.)

TaBLr Ad4. Best wire diameters and constants for large lead angles, 1-in azial pitch 60° threads

1-start threads 2-start threads 2-start threads 3-start threads
Lead _ Lead .
angle, A angle, A
w1 €+ en wy (C+en wy C+en w €+ ey

1 2 3 4 5 1 4 5 6 7

deg in in in in deg in in in in
5.0 0.57493 0.86181 0.57477 0.86145 10.0 0.56767 0.84918 0.56728 0.84830
5.1 57483 86165 57487 86127 10.1 56749 84887 56709 84797
5.2 57474 86149 57456 .86109 10.2 .56730 84856 56689 .84763
5.3 57465 86133 57446 86091 10.3 56711 84824 .56669 . 84729
5.4 57456 86117 57435 .86072 10.4 56693 84793 56649 . 84695
5.5 57446 86100 57425 -86053 10.5 56674 84761 .56629 84660
5.6 57436 86083 57414 .86034 10.6 56656 84729 56609 84625
5.7 57426 86066 57403 .86015 10.7 56637 84697 56589 84589
5.8 57416 86049 57392 . 85995 10.8 56617 84664 .56568 84553
5.9 57406 86032 57381 85976 10.9 56598 84631 56547 84517
6.0 57395 86014 57369 85956 11.0 56578 84598 .56526 84481
6.1 57385 85996 .57358 85936 11.1 56558 84564 . 56506 84445
6.2 57374 85978 67346 85915 11.2 56538 84530 .56485 84409
6.3 57363 85960 .57333 85893 11.3 .56518 84497 .56463 84372
6.4 .57352 85942 57320 . 85871 11.4 .56498 84463 .56441 84335
6.5 57341 85923 .57308 85850 11.5 .56478 84429 56420 84298
6.6 57330 85904 57295 85828 11.6 56457 84394 56398 84260
6.7 57318 85885 57282 85805 11.7 56437 .84360 .56375 84221
6.8 .57307 85866 57269 85782 11.8 56416 84325 56353 .84183
6.9 .57205 85847 57256 85760 11.9 56396 84290 .56331 .84145
7.0 67284 85828 57242 85737 12.0 56375 84255 56308 .84106
7.1 57212 85808 57228 85713 12.1 56353 84219 56285 84067
7.2 57260 85788 57215 85689 12.2 56332 84183 56263 84028
7.3 .57248 85768 57201 85664 12.3 56311 84147 56240 .83989
7.4 57236 85747 57187 85640 12.4 56289 84111 56217 .83949
7.5 57223 85727 B7173 85616 12.5 56267 84075 56193 .83908
7.8 57211 85706 57159 85591 12.6 56245 84038 .56170 83868
7.7 57198 .85685 57144 85566 12.7 56223 84001 56147 83828
7.8 .57185 . 85664 57129 85540 12.8 56201 83964 66123 83787
7.9 57171 . 85642 57114 85515 12.9 56179 . 83927 56099 83746
8.0 57158 .85620 57100 85490 13.0 56157 . 83890 .56075 .83705
8.1 57144 . 85598 57085 85464 13.1 56135 83853 56051 83664
8.2 57131 . 85576 57070 85438 13.2 56113 83815 56027 83622
8.3 57117 . 85554 57054 85411 13.3 56090 83777 56002 83579
8.4 57104 . 85533 .57038 .85383 13.4 56067 83739 55977 83537
8.5 57090 86511 57022 .85356 13.5 56044 . 83701 .55952 83495
8.6 57076 85480 57007 85329 13.6 56021 83662 55927 83452
8.7 57083 85466, .56991 85301 13.7 55997 83623 55902 83409
8.8 57049 85444 56974 .85273 13.8 55974 . 83584 55877 83366
8.9 57035 85421 .56958 .85245 13.9 55950 .83545 55852 83323
9.0 57021 85398 56941 .85217 14.0 .55926 83506 55827 83280
9.1 57007 85375 56924 85188 14.1 55903 83467 .55802 83237
9.2 56993 85352 56907 85159 14.2 55880 83428 55776 83193
9.3 56978 85329 . 56890 .85130 14.3 . 55856 83388 55750 83149
9.4 56964 85305 . 56873 .85100 14.4 .55831 83347 55724 83105
9.5 56049 85282 . 56856 . 85070 14.5 55807 83307 55608 .83060
9.6 56935 85258 .56838 85040 14,6 55782 83266 55671 .83014
9.7 .56920 85235 . 56820 85010 14.7 55757 83225 . 55645 .82969
9.8 56005 85211 56803 84980 14.8 55733 83185 .55618 .82923
9.9 .56800 85187 56785 .84049 14.9 .55709 .83145 .55590 . 82877
10.0 56875 85163 .56767 . 84918 15.0 .55684 83104 .55563 . 82831
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Tasie Ad.4. Best wire diameters and constanis Jor large lead angles, 1-in axial pitch 60° threads—Continued

3-start threads 4-start threads 3-start threads 4-start threads
Lead angle, A Lead angle,\
wy (C+.eh w €+ en wy (C 4+ en w €+ ch

1 6 7 8 9 1 6 7 8 g

deg in in in n deg in in in in
13.0 56075 .83705 .56033 83609 18.0 54682 81344 54579 81109
13.1 56051 83664 56008 83566 18.1 54651 81291 54546 81053
13.2 56027 83622 55982 83522 18.2 54619 81238 54513 80997
13.3 56002 83579 55956 83477 18.3 54588 81185 54480 80940
13.4 55977 83537 55931 .83433 18.4 54556 81132 54447 80883
13.5 55952 83495 55905 .83388 18.5 54524 81078 54414 80826
13.6 55927 83452 55879 83342 18.6 54492 81024 54380 80768
13.7 55902 83409 55853 83297 18,7 54459 80970 54345 80710
13.8 55877 83366 55827 .83252 18.8 54427 80916 54311 80652
13.9 55852 83323 55800 . 83207 18.9 54394 80861 54277 80594
14.0 56827 83280 865774 83161 19.0 54361 808056 54242 80535
14,1 55802 83237 55747 83115 19.1 54328 80749 54208 80477
14.2 55776 83193 55720 83068 19.2 54205 80694 54173 80418
14.3 55750 83149 55693 83022 19.3 54261 80638 54138 80358
14.4 55724 83105 . 55666 82975 19.4 54227 80582 54103 80298
14.5 55608 .83060 55639 .82928 19.5 54193 80526 54067 80238
14.6 55671 .83014 55611 82880 19.6 54160 80470 54032 80178
14.7 55645 82969 55583 82831 19.7 54126 80414 53997 80118
14.8 55618 82923 . 55555 . 82783 19.8 54092 80358 53061 80057
% 14.9 56590 82877 55527 82735 19.9 54058 80301 53925 79997
15.0 55663 82831 .55499 . 82687 20.0 54025 80245 53889 79936
15.1 55536 82784 55471 82638 2001 s 53852 79874
15.2 55509 82737 55442 82589 . 53816 79812
15.3 556481 82690 55414 . 82540 53779 79750
15.4 55453 82643 55385 . 82490 53743 79689
15.5 55425 82596 .55356 .82440 53706 79627
15.6 556307 82549 55327 82390 53669 79564
15.7 55369 82501 55297 82339 53632 79502
15.8 55340 82453 -55268 . 82289 53595 79440
15.9 55312 82405 55239 .82238 53558 79377
16.0 55283 82356 55209 . 82187 53521 79314
16.1 552564 82307 55179 82135 53484 79251
16.2 55225 82258 55148 82083 53446 79187
16.3 55198 82209 55117 82031 53408 79123
16.4 55167 82160 55087 81979 53370 79059
16.5 55138 82110 . 55057 81926 53332 78994
16.6 55109 82061 55026 81873 53294 78930
16.7 55079 82011 54995 81821 53265 78865
16.8 55050 81062 .54964 81768 53217 78801
16.9 55020 81912 .54933 81715 53178 78736
17.0 54990 81862 54902 81661 53139 78670
17.1 54960 81811 54870 81607 53100 78604
17.2 54929 81759 54839 81552 53061 78539
17.3 54898 81707 .54807 81497 53022 78473
17.4 54867 81655 54774 81442 52983 78406
17.5 54837 81604 54742 .81387 52943 78339
7.6 54806 81552 54710 81333 52903 78272
17.7 54775 81500 54677 81277 52863 78205
17.8 54744 81448 54645 81222 52823 78138
17.9 54713 .81396 .54612 .81166 52783 .78071
18.0 .54682 81344 54579 .81109 52743 78004

Nore,—This table courtesy of the Van Keuren Co,
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Fiqure A4.5, Measurement of prich diameter of taper thread gages by the 2-wire method.

6. MEASUREMENT OF PITCH DIAMETER OF USA STANDARD
TAPER THREADS

The pitch diameter of 3 taper thread plug gageis  the gage, which is next above the fixed wire, and
measured in much the same manner as that of &  the measurement over the wires is made. The second
straight thread gage, except that a definite position wire is then placed in the thread groove next below
at which the measurement is to be made must be  the fixed wire, and a second measurement is made.
located. A point at a known distance, L, from the The average of these two measurements is M, the
reference end of the gage is located by means of g measurement over the wires at the position of the
combination of precision gage blocks and the cone fixed wire,
point furnished as an acecessory with these blocks, The general formula for a taper thread, corre-
as shown in the inset in figure A4.5. The gage is  sponding to formula, (3) is
set vertically on a surface plate, the cone point is
placed with its axis horizontal ‘at the desired height, E=M +cot a—tan? B tan o

w 2

and the plug is turned until the point fits accurately 2n
" into the thread. The position of this point is marked
carefully with a pencil or a bit of prussian blue. 23/

6.1. Two-Wire M=eTHOD. —Assuming that the —w (1+COSGC a+}wm> (6)
measurement is to be made with s horizontal com- h
parator, the gage is set in the comparator with its  ;, which
axis vertical, that is, the line of measurement and
the thread axis gre perpendicular to each other., E =pitch diameter

he measurement, is made with two wires, as shown M., = measurement over wires
in figure A4.5, one of which is placed in the thread B=half angle of taper of thread
to make contact at the same axial section of the % =number of threads per inch=1/p
thread as was touched by the cone point. This wire a=half angle of thread
is designated the fixed wire. The second’ wire is W=mean diameter of wires
placed in the thread groove, on the opposite side of N =wire angle.
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The term

cot a—tan? 8 tan «
2n

is the exaect value of the depth of the fundamental
triangle of a taper thread, which is less than that of
the same-pitch thread cut on a cylinder. For steep-
tapered thread gages, having an included taper larger
than 0.75 in/ft this more accurate term should be
applied. For such a thread, which has a small lead
angle, formula (6) takes the form

cot a—tan? B tan «
2n

Otherwise, as for USA Standard taper pipe threads
having an included taper of 0.75 in/ft, the simplified
formula (5)

@
E=Mw+

—w(1-+coseca) (7)

0.86603
n

E=M,+ 3w

for 60° threads may be used. This simplified formula
gives a value of E that is 0.00005 in larger than

that given by the above general formula (6) for
the 2.5-8 USA Standard taper pipe thread, the
worst case in this thread series.

The piteh diameter at any other point along the
thread, as at the gaging notch, 1s obtained by
multiplying the distance parallel to the axis of the
thread, between this point and the point at which
the measurement was taken, by the taper per inch,
then adding the product to or subtracting it from
the measured piteh diameter according to the di-
rection in which the second point is located with
respect to the first.

6.2. THREE-WIRE METHOD.—Depending on the
measuring facilities available or other circumstances,
it is sometimes more convenient to use three wires.
In such cases measurement is made in the usual
manner, but care must be taken that the measuring
contacts touch all three wires, as the line of measure-
ment is not perpendicular to the axis of the screw
when there is proper contact. (See fig. A4.6.)

On account of this inclination, the measured dis-
tance between the axes of the wires must be multi-
plied by the secant of the half angle of the taper of

MARK WITH
PRUSSIAN BLUE

I MEASURING
. ? GAGE ; / CONTACT

—LINE OF MEASUREMENT

—L FROM END

Froure A4.6. Measurement of pilch diameter of taper thread gages by the 3-wire method.
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the thread. The formula for the pitch diameter of
any taper thread plug gage, the threads of which are
symmetrical with respect to a line perpendicular to
the axis, then has the form corresponding to formula,
(4):

E=(M,—w)sec ﬁ—f—m;a

2

in which 8=half-angle of taper of thread. Thus the
pitch diameter of a USA Standard pipe-thread gage
having correct angle (60°) and taper (0.75 in/ft) is
then given by the formula

E=1.000 49(M, —w)+0.866 03p—2w  (9)

An adaption of the three-wire method is frequently
used to reduce the time required when the pitch
diameter of a number of gages of the same size is to
be measured. Only light gages, up to about 1 in
nominal size, can be measured accurately by this
method. The gage is supported on two wires placed
several threads apart, which are in turn supported
on a taper thread testing fixture. The third wire is
placed in the threads at the top of the gage and
measurement is made from the top of this wrie to
the bottom of the fixture with a vertical comparator
having a flat anvil, using a gage block combination
as the standard. The fixture consists of a block, the
upper surface of which is at an angle to the base
plane equal to the nominal angle of taper of the
thread, 28. Thus the element of the cone at the top
of the thread gage is made parallel to the base of
the instrument. The direction of measurement is not
perpendicular to the axis of the gage but at an angle,
8, from perpendicularity. A stop is provided at the
thick end of the block with respect to which the
gage is positioned on the fixture, As the plane of
the end of the gage may not be perpendicular to the
axis, a roll approximately equal to the diameter of
the gage should be inserted between the stop and
the gage to assure contact at the axis of the gage.
For a given fixture and roll, a constant is computed
which, when subtracted from the measured distance
from the top of the upper wire to the base plane,
gives M corresponding to the pitch diameter, Ey, at
the small end of the gage. K, is then determined by
applying formula (8) or (9).

6.3. FourR-WirE METHOD.—A four-wire method
of measurement that yields measurements of the
pitch diameter, By, at the small end of the gage,
and the half-angle of taper, B, is also Sometimes used.
This method is illustrated in figure A4.7 and requires
four thread wires of equal diameter, a pair of gage

—W cosec o (8)

M2
Fieure A4.7. Measurement of pilch diameler of taper thread
gages by the 4-wire method.

blocks of equal thickness, and two pairs of rolls of
different diameters, the rolls of each pair being equal
in diameter. Two measurements, M; and M,, are
made over the rolls and formulas are applied as
follows:

; 90—8_M,—M,+di—d,
RS R R

(10)

e}

,)_'8>—2g sec8 (11)

Mw =M2'—d2 (I-I’GOt 90

in which

M, = measurement over larger rolls

M, =measurement over smaller rolls
dz = diameter of larger rolls
di=diameter of smaller rolls
B =actual half-angle of taper of thread
g =thickness of each gage block.

To determine Ej, the pitch diameter at the small
end of the gage, M,, as determined from formula
(11), is substituted in formula (6) or (7).

The errors of measurement by this method may be
slightly but not significantly larger than by the other
methods described, on account of elastic deforma-
tions of the rolls and gage blocks under the measuring
force, and differing conditions of loading of the
thread wires.

7. MEASUREMENT OF PITCH DIAMETER OF THREAD RING GAGES

The application of direct methods of measurement
to determine the pitch diameter of thread ring gages
presents serious difficulties, particularly in securing
broper contact load when a high degree of precision
is required. The usual practice is to fit the ring gage
to a threaded setting plug. When the thread ring

A4.10

gage is of correct lead, angle, and thread form,
within close limits, this method is satisfactory and
represents standard practice in the United States.

It is the only method available for small sizes of

threads. For the larger sizes, various more or less
satisfactory methods have been devised, but none
of these have found wide application.
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1. GENERAL

In general, any given problem in thread design
may be susceptible to several more or less safis-
factory solutions based on the preliminary selection
of certain elements of the design and the proper
adjustment of the other elements. In other words,
thread design is to a large extent empirical and is
partially based on previous experience with similar
designs and the judgment of the designer. Accord-
ingly, it is not practicable to present a definite
system of approach to the design of a threaded
assembly but merely to present a discussion of
various design factors.

The interrelation of length of engagement, mini-
mum major diameter of the external thread, maxi-
mum minor diameter of the internal thread, and the
strength of the assembled thread needs to be under-
stood and carefully considered in order to produce
the optimum design of a special thread. It is not
economical to use either a length of thread engage-
ment which is longer than required or shorter than
that which will develop the full strength of the
externally threaded member. Other factors, such as
control of tap breakage, proper seating of a threaded
part on a shoulder, the prevention of cross threading,
conditions of loading when the assembled parts are
not concentric, and possible collapse of a hollow
externally threaded member, require careful analysis
and adjustment of the design with respect to selection
of the diameter-pitch combination, the class of
thread, length of engagement, and major and minor
diameter tolerances.

In redesigning threads from American National to
Unified standards, it should be remembered that
exact correspondence between the old and new class
numbers does mnot exist. For most, but not all,

diameter-pitch combinations, the combined toler-
ances and allowances of the Unified classes are some-
what larger than American National classes of corre-
sponding number. Recommended procedure is to
convert the thread to the corresponding class of
Unified thread, compare the new major, pitch, and
minor diameter tolerances with the old tolerances,
and then give careful consideration to the desirability
of the new limits of size.

Taking, for example, the conversion of a class 1
thread to classes 1A and 1B: Under ordinary con-
ditions where the thread is being used only as a
simple fastener and the length of engagement is
normal, such substitution may be made. If, for any
reason, the previously specified tolerances may not
be exceeded, it may be necessary to specify class
2A or 2B or both. Also, if the thread must carry a
high axial stress or if concentricity of the two mating
parts is a factor, the conversion should be from class
1 to classes 2A and 2B.

A close fitting thread assembly under some con-
ditions may fail, whereas the cause of failure may
be eliminated by providing a looser fit. A cap screw
that seats only on one side of the bearing surface
under the head may break off when the serew is
tightened. When a serew has a large bearing surface
under the head or when the head must be square
with a projecting pin, sufficient pitch diameter clear-
ance must be provided to allow for any out-of-
squareness of the screw axis with the bearing surface
under the head. Thus, as large a pitch diameter
folerance as possible, together with providing proper
tolerances on squareness of face with the thread
axis where seating is required, may avoid the neces-
sity for specifying a heat treated bolt.

2. ECCENTRICITY OF ASSEMBLY AND CROSS THREADING

In assembly and use, the combined tolerances and
allowances on both mating parts should not allow
threads to disengage on one side when assembly is
eccentric. The axis of the internal thread can he
displaced radially from coincidence with the axis-of
the external thread by an amount equal to the sum
of the pitch diameter tolerances and the allowance.
This radial displacement may be sufficient so that
the flank contact is entirely on one side and on the
opposite side the crest of the external thread will be
in line with the crest of the internal thread with the
following results when the screw is constrained in
such a position in a tapped hole: (1) There will be
danger of crossing the threads in starting, and
(2) the screw may pull out of the hole when tension
is exerted in this constrained position. The minimum
amount of overlap is arbitrary and controversial,
but the following general rule can be used in lieu
of more specific data:

As the first step to assure the minimum safe
overlap on both sides when the assembly is con-
centric, the difference between the minimum major
diameter of the external thread and the maximum
minor diameter of the internal thread should not
be less than twice the addendum of the external
thread (0.75H, table 2.1). Otherwise stated, the
sum of the major-diameter tolerance and allowance,
if any, of the external thread and the minor-diameter
tolerance of the internal thread should not be greater
than 4/3 the addendum of the external thread, 0.5H,
table 2.1, This provides for a minimum of 50 percent
thread engagement. As the second step, to assure
the minimum safe overlap on one side when the
assembly is eccentric, the difference between the
maximum pitch diameter of the internal thread and
the minimum pitch diameter of the external thread
should not be greater than twice the addendum of
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the external thread (0.75H, table 2.1). Otherwise  with manufacturing possibility, or a coarser pitch
stated, the sum of the pitch-diameter tolerances of should be used to increase the amount of overlap.
both threads and the allowance, if any; should not The major-diameter tolerance of the external thread
be greater than twice the addendum of the external or minor-diameter tolerance of the internal thread
thread, (0.75H, table 2.1). This provides for an should not be less than the pitch-diameter tolerance
eccentric assembly condition equal to the addendum  of the respective thread to maintain thread form.

of external thread (0.375H, table 2.1) and zero It should be noted that, if the tolerance on the
minimum overlap on one side. If the results from minor diameter of the internal thread must neces-
the limits of size selected violate the above rules, sarily be large, the major diameter of the external

the tolerances should be reduced by using a closer thread must be held close to the maximum major
class of tolerance, assuming tolerances consistent diameter and vice versa,

3. STRENGTH FACTORS

CrrticaL ArReEAs—The critical areas of mating applicable to steel parts up fo 180,000 psi used in
threads, as related to the tensile strength of the caleulating the ultimate strength is computed from
thread assembly, are: The effective cross-sectional  the following formula: '
area, or stress area, of the external thread, (2) the B SH\e
shear area of the external thread that depends A,=3.1416 <*_§_>
principally on the minor diameter of the tapped 2
hole, and (3) the shear area of the internal thread
that depends principally on the major diameter of
the external thread. The formulas for tensile stress A,,=0.7854(D——O.974;3/n)2
area and thread shear area are shown below. These
areas are indicated in figure A5.1. where

Tensile Stress Area.—The tensile stress area is E =basic pitch diameter
the assumed ares of an external threaded part that =basic major diameter
is used for the purpose of computing the tensile n=threads per inch
strength.

Direct Tensile Stress.—When parts are subjected  For 3H /16, see table 2.1. Tabulated stress areas
only to a direct tensile stress the assumed area  are listed in tables 2.8 through 2.18.

or

Section for min shear area of
. tapped hole, ifem 11

75 T 1:;\%‘V’/ ) - {
/l . . "l\ 2R
/&Section for min, shear areaNy NI 3 of @
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Ficure A5.1. Critical sections in @ thread assembly.

See table A5.2 for formulag corresponding to item numbers.
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TasLE A5.2. Dala for determining strength factors in special thread design

. . L NOTATION .

D = basic major diameter. G = allowance on all diameters of external thread,

D¢ = major diameter of external thread. L, = length of thread engagement.

Ky = minor diameter of internal thread. 4s = stress area of external thread.
Ty n = tolerance on minor diameter of internal thread. Sy = area in shear on external thread in line with Ky.
T, = tolerance on pitch diameter of external thread. Sn = area in shear in internal thread in line with pp.

CONSTANTS
3 Threads per inch, n
C1= Zﬂ' = 2.356
40 36 32 28 27 24 20 18 16 14 12 10 8 3 4
i 253
Cz=g Wt:i? =1 Oi =.._.| 0.0271 { 0.0301 | 0.0338 | 0.0387 | 0.0401 | 0.0451 | 0.0541 | 0.0601 | 0.0677 | 0.0773 | 0.0902 | 0.1083 | 0.1353 | 0.1804 | 0.02706
i
Compp DI O | o944 | oar | o304 | 0348 | 0361 | .0406 | 0487 | .04t | .0600 | .0605| .0812| .oo7a| .1218| 1624 | L2436
Ca=ntan 30°=0.57736n=__.123.09  {20,78 18.48 16.17 15.59 13.86 11.55 10.39 9.328 8.083 | 6.928 | 5.714 4.619 | 3.464 | 2.309
Cs=mntan 30°=1.8138n__._. 72.55 |65.30 |[58.04 50.79 148,97 |43.53 [36.25 32.685 {29.02 25.3¢  21.76 18.14 14.51 10.88 7.255
FORMULAS

I MAXIMUM MATERIAL FOR BOTH EXTERNAL AND INTERNAL THREADS

tem

1. Kpmin = D — Ca.

2. Max area in shear of external thread per inch = S, max per inch = 1K, min.

3. Min length of thread engagement, L, min = %’ X Ds max, with % taken from graph, figure A5.3.

4. Area in shear of external thread in length L, min = S, max per inch X L, min (= item 2 X item 3).

. CiKpmin X L X .Ds max

8Ss max per inch X L min 1. D
5. Max stress area of external thread = A, max = »-l-—p—--é—L (: 3 item 4) = 5
. MAXIMUM MATERIAL EXTERNAL THREAD, K; MAXIMUM
6. Kpmax = Kpmin + Tip.

7. Min area in shear of external thread per inch = S, min per inch = K, max (C1 —.Cs Txn).

. L, required to develop full strength of external thread for Tk, selected =

2 As max

Ss min per inch

(2 X item 5) or = (item 4)
item 7 ~ Aitem 7/°

MINIMUM MATERIAL FOR BOTH EXTERNAL AND INTERNAL THREADS

. Min stress area of external thread = Ay min = 0.7854 [D — Cs — (Tgs 4 G)I2.

. Min area in shear of external thread in length L, = Sy min = Kpmax [C1 — Co(Tkn+ TEs+ G)lLe, or = Ky max[0.75 — Ca(Tkn+ TEs + G))lLe.
. Min area in shear of internal thread in length L, = S, min =7 D, min [0.875 — Ci(Tps + TEn+ 0L,

MINIMUM TAPPED HOLE, Ds MINIMUM, WHEN TAPPED MATERIAL IS WEAKER THAN SCREW MATERIAL

. By =

0.75 Knmin

area in shear of screw in length L, (item 4)
area in shear of tapped hole in length L, item 11
__ ultimate tensile strength of tapped material

~ "ultimate tensile strength of screw material *

Tf B2 < Ry, then L, required = L for Trcaselected X %‘ - (“‘""”(——“—"'L"_‘z)

item 13

Combined Tensile Stress.—When parts are sub-
ject to a direct tensile stress plus a torsional stress
due to tightening the nut or bolt head, it is necessary
to consider the combined shear and tensile stresses
when caleulating the strength of the externally
threaded part. It is recommended that the combined
stresses be computed on the basis of the section: at
the minimum minor diameter of the external thread.
The direct tensile stress is given by the formulas:

SL =F/A
A, =0.7854] (K, min)*—d?]
where .

A, =area in sq in at the minimum minor diameter.
F=axia] load on externally threaded parts in lb.

The direct torsional stress is given by the formulas:
S e Tl/ Z P

3 [(K, min)*—d*]

Z,=0.1963 == o

= Demin [0.875 — Ca (Tps + TEn+ O)]

where

Ti=wrench torque transmitted through the
threaded section, approximately equal to
half of the total wrench torque in lb-in.

Z ,=polar section modulus in in3

K, min=minimum minor diameter of external
thread in in. :

d=inside diameter of externally threaded part
in in; if part is solid, d=zero.

The combined shear stress in psi is given by the

formula:
S;=\/(%‘)2+<Sa>2

The combined tensile stress in psi is given by the
formula:

S£/=S8’+Sl/2

Having once determined the combined stresses due
to a given set of conditions for wrench torque and
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coefficient of friction, other combined stresses will
be directly proportional to the wrench tofque.

Thread Shear Area.—The diameter corresponding
to the effective thread shear area will vary with
the relative unit tensile strengths of the materials
of the internal and external threads. When the ex-
ternal and internal threads are manufactured from
materials of equal unit tensile strength, failure will
usually take place simultaneously in both threads
at or near a diameter equal to the basic pitch di-
ameter. The shear area (AS) for external and in-
ternal threads made of such materials can be com-
puted from the following formula:

L,
2

AS=3.1416E

where

E =Dbasic pitch diameter .
L.=length of engagement at basie pitch diameter.

When the unit tensile strength of the external thread
material greatly exceeds that of the internal thread
material, as in the case of 3 threaded hole in a cast
aluminum block mated with a 100,000 psi ultimate
strength material bolt, the shear area of the internal
thread (AS,) can be computed from the following
formulas:

(1) For simplified caleulations that will provide
shear areas within about 5 percent of those given
by the precise formula shown below, the shear area
of the internal thread may be computed as follows:

AS,=3.14168 %&

where L,=length of engagement at the basic pitch
diameter.

(2) The precise equation for shear area of the
internal thread at a diameter equal to the minimum

major diameter of the external thread is as follows:

AS,
=3.1416nL.D, min[%z +0.57735(D, min—E, niax)]

where

n=number of threads per jneh
s min = minimum major diameter of external
thread
E, max=maximum pitch diameter of internal
thread
L.=length of engagement at _minimum
- major diameter of external thread.
(Use L, at basic pitch diameter for
simplicity; this is conservative.)

When the unit tensile strength of the internal thread
material greatly exceeds that of the external thread
material, the shear area of the external thread (AS,)
can be computed from the following formulas:

(1) For simplified calculations for diameters 0.250
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in and larger, that will provide shear areas within
about 5 percent of those given by the precise formula,
shown below, the shear area of the external thread
may be computed as follows:

5L,
5
where L,=length of engagement at the basic pitch
diameter.

(2) The precise equation for shear area of the

external thread at a diameter equal to the maximum
minor diameter of the internal thread is as follows:

AS,
=3.1416nL, K, max H—% +0.57735(F, min—K, ma,x)]

AS,=3.1416E

where
K., max =maximum minor diameter of internal
thread.
E, min = minimum pitech diameter of external
thread.

If failure of a thread assembly should oceur it is
desirable that the external thread (screw) will break
rather than that either the external or internal
thread will strip. In other words, the length of thread
engagement shall be sufficient to develop the full
strength of the screw. Thus, the length of internal
thread and the dimensions of this thread, particularly
its minor diameter, should be such that, taking into
account a possible difference in strength of material
of the internal and external threads, the threaded
portion of the external thread will break before
either the external or internal threads strip.

LeNGTH oF THREAD EncacEMENT—The length
of engagement of a threaded unit that will develop
maximum strength of an assembly threaded with
external and internal threads manufactured from
materials of near or equal unit tensile strength may
be computed from the following formula, which in-
corporates the factor “half’”’ relation of unit shearing
strength to unit tensile strength:

L,=44,/3.1416E

E 3H\:
4,=3.1416 (5—1—6—>

where

When the unit tensile strength of the external thread
materially exceeds that of the internal thread, the
required length of engagement to develop maximum
strength may be computed from the following for-
mula, which is also based on the shear area being

twice the tensile stress area:

L= 24,

3.1416nD, min[g%+0.57735(D3 min—E, max)]
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Likewise, when the unit tensile strength of the in-
ternal thread materially exceeds that of the external
thread, the following formula should be used:

2
L,= 24,

3.1416nKnmaxLin+0.57735(Es min-K,,max)]

The factor 2 used in the numerator of this formula
means that it is assumed that the area in shear
must be twice the tensile stress area to develop the
full strength of the screw. This assumption is based
on experiments made by the National Bureau of
Standards in 1929, in which it was found that for
hot-rolled and cold-rolled steel, and brass serews and
nuts, this factor varied from 1.7 to 2.0. Taking the
factor as 2 provides in general a small factor of
safety against stripping of the threads.

To facilitate the application of this formula various
notations, constants, and formulas applicable to the
determination of the relation of critical areas to
thread dimensions are given in table A5.2 and are
discussed below.

(a) Length of engagement determined by shear area
of external thread.—Formula 8, table A5.2, gives the
length of engagement required to develop the full
strength of the serew when the strength of the
material in which the hole is tapped is the same as,
or slightly less than, the strength of the material
of the secrew. The value of L, thus obtained is
sufficient for a permanently-fastened connection. If,
however, the screw is an adjusting or lead screw,
or if the connection will be frequently unscrewed,
L, should be increased to allow for the expected
wear on the flanks of the threads during the useful
life of the components.

For tapped holes in sheet metal, the maximum size
of the serew to be specified should be such that the
thickness of sheet equals the L, required to develop
full strength. In order to use the largest possible
screw, it 1s necessary that the tolerance, Tx., on
the minor diameter of the hole should be the practical
minimum. If it should prove to be impracticable to
reduce the minor diameter tolerance to such a value,
it may be necessary to decrease the minimum minor
diameter of the internal thread and to increase the
minor diameter tolerance by the same amount. If
this is done, the maximum minor diameter of:the
serew must be reduced by the same amount to
prevent interference, and the minor diameter of the
“00” thread ring gage must likewise be decreased,
as this is the only control of the minor diameter
of the screw. In all such cases, where dimensions
are altered from those calculated according to the
standard, the threads should be designated as speci-
fied in section 2. (See under “Designating threads
having modified crests” in that section.)

(b) Length of engagement determined by shear area
of internal thread.—The ratio of the area in shear
in the serew and the area in shear in the tapped
hole is given by formula 12, table A5.2. This ratio,
R, will usually be less than 1 and the strength of
the material of the tapped hole can be less than the
strength of the material of the screw by this ratio
with no indicated increase in L, by formula 8. If,
however, the ratio

R _ ultimate tensile strength of tapped material
2™ “ultimate tensile strength of screw material

is less than R;, then L, should be multiplied by
Ri/R; to provide sufficient length of thread to pre-
vent stripping of the threads in the tapped hole.

For retaining collars on shafts where the expected
axial force resisted by the collar is appreciably less
than the tensile force that the shaft itself is capable
of resisting, L, need only be long enough to withstand
the expected axial force on the collar. If F, is the
axial force to be carried by the collar and uts is
the tensile strength of the material of the shaft in
pounds per square inch, then the length of thread
engagement required on the shaft is equal to
2F./ (uts X 8; min), where S, min is given by formula
7, when the strength of material of the collar is the
same or slightly less than the strength of material
of the shaft. Ratios R; and R, should be computed
as previously explained to determine whether or not
a greater length is required to prevent stripping of
the threads in the collar.

(¢) Hollow externally threaded parts—For screws
with through axial holes, the length of engagement
required is of course less than if the screw is solid.
For this condition, formula 8 becomes

2(A; max— A, max)
S min per inch

L,max=

where A, is the cross-sectional area of the hole.

However, as the wall thickness of either or both
the internal and external members becomes thin,
the tendency of the external member to enlarge
and the internal member to neck down in the thread
means that an L, greater than given by the above
formula must be used, also that the tolerances on
minor diameter of the internal thread and major
diameter of the external thread, Tk, and T'ps, must
be small to obtain the maximum practicable depth
of thread engagement. For components having
threads on thin-wall tubing, tests under actual work-
ing conditions should be made to determine proper
selection of wall thicknesses, length of engagement,
and piteh of thread.
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4. THREAD PROPORTIONS IN RELATION TO TAPPING

In the production of threads it is considered im-
practical to tap a thread unless its diameter is greater
than six times the basic thread height; therefore,
when the ratio of D to H is less than 4.5, the use of
a larger diameter, a finer pitch of thread, or both,
should be considered.

The size of K, is a factor in controlling tap

breakage. Tap breakage is infrequent if the diameter
of the tap is over 0.5 in or if the length of thread
to be tapped is less than 0.5D. For sizes less than
0.5 in and length of thread over 0.5D, tap breakage
can be minimized by use of a large K., that is Tx,
maximum. However, this means that L, may have
to be increased to develop the full strength of the
screw.

5. EXAMPLES OF THREAD DESIGN

The design of special threads for particular pur-
poses is illustrated by the following examples:

Ezample: A gun barrel is subjected to an internal
explosive pressure that produces a tensile stress in
the threaded end. The length of engagement of the
threads should be sufficient to produce a minimum
area in shear on the threads of the serew in line with
the minor diameter of the tapped hole threads equal
to twice the maximum stress area of the threaded
portion of the barrel. ,

Assume that the thread on the barrel is 1.500—
8UN-2A and the minimum internal diameter of the
barrel at the threaded end is 0.792 in.

In table 2.21 will be found the following maximum
dimensions of the external thread:

D; max=1.49781in
E, max=1.4166 in
K, max=1.3444 in.

From table 2.21, K, min=1.365 in. If we select
the tolerance for minor diameter of hole Ty, =0.0250
in, K, max will equal 1.36540.025 = 1.390, which will
permit the use of a 1.375 in tap drill.

The minimum area in shear per inch can be com-
puted, using formula 7, table A5.2:

Ss min = K, max (C,~ C5Tx,)
=1.390(2.356 —14.51 X0.025)
=2.7706 in.?

The maximum stress area of the external thread,
if solid, using formula 5, table A5.2, is

A, max=0.5(C, K, minX%XR, max)

%’ from chart, fig. A5.3=0.6185,
=0.5(2.356X1.365X0.6185X 1.4978)
=1.4896

Ares of minimum center hole

= (x/4) X0.7922=0.4926
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Max stress area of external threaded member
1.4896 —0.4926=0.9970

Length of thread engagement required

: 2Xmax 4,
=Le= —_g

S; min
_2X0.997
T 2.7T706

=0.7197 in.

If a length of engagement of 0.72 in cannot be
obtained, the tolerance on minor diameter, Tx,, of
the internal thread should be reduced. If a space for
a longer length of engagement is available, Tk, can
be increased.

Ezample: The dimension is required of the largest
steel cap screw that can be used to hold a bracket
on a cast iron body. The tensile strength of the
steel is 60,000 psi, the tensile strength of the cast
iron 20,000 psi, and the thickness of the cast iron is
such that the length of thread engagement cannot
exceed 1.750 in. The screws on the top side of the
bracket will be in tension. From the ratio of
the tensile strengths of the two materials, R,=
20,000/60,000=0.333, it is evident that the length
of the tapped hole thread must be considerably
longer than the length of thread engagement re-
quired to develop the full strength of the screw.
R; will be of the order of 0.85 and the length of
thread in the tapped hole will be approximately
Ry\/R,=0.85/0.333=2.55 times as long as the length
required to develop the full strength of the screw.
L, required to develop the full strength of the screw
must be of the order of 1.750/2.55=0.686 in.

Inasmuch as the hole is tapped in cast iron, a
relatively coarse thread would be required, that is
UNC or coarser. For such threads L,/D, as shown
on the chart, figure A5.3, varies between 0.57 and
0.61. Taking L,/D=0.59, the approximate diameter
required is 0.686/0.59=1.163. Try D=14=1.0625
in. The selected pitch could be either 10 or 8 threads
per inch with 8 threads per inch preferred. For a
bracket screw, class 2A would be the preferred class.
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Thus, the screw is 1.0625-8SUN-2A and the hole
1.0625-8UN-2B. .

Next, read the dimensions 6f the screw and hole
from table 2.21 to deteﬁ:’le whether or not the
above selection is correct.

Max major diameter of screw, D, max = 1.0605
Min major diameter of screw, D, min=1.0455
Min minor diameter of tapped hole, K, min=0.927

The number of 1.0625-8 screws required will de-
pend on the torque that may develop on the bracket
that will produce tension in the screws. It should be
possible to tighten these serews to the yield strength
of the steel without stripping the cast iron threads.

The complete table of dimensions of the tapped
hole and screw is (From table 2.21)

Internal thread, 1.0625-SUN-2B

Min major diameter = 1.0625
Min pitch diameter=0.9813
Max pitch diameter =0.9902
Min minor diameter =0.927

Max minor diameter =0.952
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External thread, 1.0625-8UN-2A

Max major diameter =1.0605
Min major diameter = 1.0455
Max pitch diameter =0.9793
Min piteh diameter=0.9725
Max minor diameter=0.9071

L./D from chart, figure A5.3=0.5990
L. min=L,/D XD, max=0.5990 X 1.0605 = 0.6352
T's, (table 2.21) =0.0089
Ry, table A5.2, formula 12

_ 0.75K,, min

" D, min[0.875—C(Tg,+ Tp,4+G) |

_ 0.75X0.927

~ 1.0455[0.875—4.619 (0.0089-0.0150+0.0020) ]

=0.8803

L, required in hole

=L, minX%=O.6352X0.8803/0.3333 =1.6777 in,
2

which is less than the L, (1.750 in.) permitted.
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