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THREAD FQRMS 

Edward F. Gov/en, .112, Hathoro, Raymond Ollis, Jr., Ure 
iand, and Richard A. Walker, ‘Warrington, Pa., assign 
ors to Standard Pressed Steel Co., llenkintown, Pa, a 
corporation of Pennsylvania 

Continuation of abandoned application Ser. No. 285,981), 
June 6, 1963. This application Get. 8, 1965, Ser. No. 
494,150 

6 Claims. (Cl. 85—1) 

This application is a continuaion of application Ser. No. 
285,980, ?led June 6, 1963, and now abandoned. 

This invention relates to a method for increasing the 
fatigue life of a loaded screw thread system and to a 
new screw thread form or con?guration which will in 
crease the fatigue life of the externally threaded element 
under load by redistributing the stress concentrations 
within the thread itself or by more equally distributing the 
loading stresses throughout the length of thread engage 
ment. Another aspect of this invention is directed to the 
tool or die for forming threads having the aforesaid spe 
cial con?guration. 

In accordance with this invention, the fatigue life of the 
externally threaded member of a screw thread system can 
be increased by modifying the basic or fundamental thread 
form in such a way that the threads-particularly the 
threads which carry the greatest load—are rendered more 
?exible and therefore capable of being de?ected (herein 
after where the term de?ected is used it will be understood 
that it is also intended to refer to deformation of the 
thread) under lower loads than will de?ect the basic 
thread form; and without simultaneously inducing bend 
ing stresses in the de?ected threads which are of the same 
general order or greater than the loading stresses which 
are shifted from the de?ected threads. 

Essentially, the thread form modi?cations which render 
the threads more ?exible involve either: 

(1) A reduction of the mass of the stress loaded mate 
rial in the basic thread form thereby reducing the section 
modulus and the capacity of the thread to resist bending 
moments, or— 

(2) A lengthening of the moment arm acting on the 
threads, for example, by shifting the contact of the pres 
sure ?anks away from the vicinity of the line of the pitch 
cylinder. While increased ?exibility can be obtained by 
lengthening the moment arm acting on either the external 
or the internal threads, in general, the most satisfactory 
results are obtained by those form modi?cations which in 
crease the moment arm acting on the internal threads and 
simultaneously decrease the moment arm acting on the ex 
ternal threads. In the latter case, the shortening of the 
moment arm of the external threads has the e?ect of stiff 
ening the external threads so that objectionable bendings 
stresses will not be set up therein. 

In certain con?gurations where the section modulus is 
reduced or where the pressure ?ank contact is shifted, the 
thread form modi?cation which causes the thread to be 
rendered more ?exible is brought about by locally dis 
engaging the threads in the vicinity of the pressure ?anks 
where they join the root radius of the external thread and 
thereby eliminating contact in the vicinity of the critical, 
highly stressed root radius ahead of the externally thread— 
ed member. 
By reducing the section modulus and/ or increasing the 

moment arm, a more highly stressed thread will be caused 
to de?ect or deform more under load than will a thread 
which is subjected to less stress and in this way, portions 
of the load will be transferred to the less highly stressed 
threads and, therefore, the load will be more equally dis 
tributed throughout the length of thread engagement. 

Further, when the foregoing thread form modi?cation 
is employed in conjunction with lead corrected thread 
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systems of the type disclosed and claimed in Patent No. 
3,205,756 issued Sept. 14, 1965, on Ollis and Walker’s co 
pending application Ser. No. 248,716, ?led Dec. 31, 1962, 
the combination serves to increase the fatigue life of the 
system to a greater degree than is obtained with either 
form modi?cation alone or lead correction alone. 
As used herein, the term “thread system” is intended 

to refer to all types of combinations of internal and ex 
ternal screw thread arrangements which employ ridges of 
uniform section in the form of a helix on the external and 
internal surfaces of a cylinder or frustum of a cone. How 
ever, we will generally describe and illustrate the inven 
tron in terms of its application to thread systems in the 
form of nuts and bolts and particularly, in terms of single 
start straight threads having a basic or fundamental 60° 
thread form. 
The accompanying drawings illustrate several embodi 

ments of thread form con?gurations which will serve to 
e?ect one or more of the modi?cations that are useful 
either alone or in combination with lead correction, for 
mcreasing the fatigue life of the thread system under load. 

FIG. 1 is a view in section of a modi?cation which will 
be referred to as the “involute” thread form. 

FIGS. 2 and 3 are sectional views of modi?ed thread 
forms which will be referred to as “semi-involute” thread 
orms. 

FIG. 4 is a sectional view of a modi?ed thread form 
wherein the section modulus of the external thread is 
reduced, the pressure ?anks adjoining the root portions of 
the external thread are disengaged from the pressure ?ank 
of the internal thread and the moment arm acting on the 
external thread is increased. 

FIG. 5 is a sectional view of a modi?ed thread form 
in which, inter alia, the moment arm acting on the internal 
threads is increased. 

FIG. 6 illustrates a Waterbury die for forming the 
?anks, roots and crests of involute external threads by 
rolling. 

FIG. 7 illustrates a Waterbury die for forming the 
?anks, roots and crests of asymmetrical semi-involute ex 
ternal threads by rolling. 7 

FIG. 8 illustrates one die of a set of Reed dies for the 
rolling of external threads. 

FIG. 9 illustrates a tap for forming internal threads. 
FIG. 10 is an enlarged sectional view showing the lead 

differential correction of the type disclosed and claimed in 
Patent 3,025,756, and which, in combination with the vari 
ous high fatigue thread con?gurations of the invention 
serves to increase the fatigue life of the system to a greater 
degree than is obtained with form modi?cation alone or 
lead correction alone. 

In FIG. 1 there is illustrated an external thread 10 
and an internal thread 11; the basic or fundamental thread 
form for both the internal and external threads are shown 
in dotted lines. The line of the pitch cylinder is the dot 
dash line P-P’. The pressure ?anks of the thread are 
12 and 12', the clearance ?anks of the thread are 13 
and 13". 
From a point :14 on the pressure ?ank which in the 

illustrated embodiment is in the general vicinity of the 
pitch line P—P’, the ?ank of the external thread diverges 
‘away from the sides 15-16 of the fundamental thread 
triangle 15-16-17 and forms a curved ?ank surface 
which, under load, will bear tangentially against the 
pressure ?ank 12' of the associated conventionally formed 
internal thread. In this embodiment, the point of tangency 
14 is positioned in the vicinity of the line of the pitch 
cylinder P-P’, however, the point of tangency 14 can be 
either above or below line P-P' and still provide the 
bene?ts of the invention. The root of the external threads 
preferably has a radius 20 or other root con?gurations 
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which do not contact or create interference with the crest 
21 of the internal thread or the ?ank portions 22 extend 
ing from the crest 21 toward the pitch line on the pres 
sure ?ank. The clearance ?ank 13 has a corresponding 
con?guration, hence, this type of thread form is some 
times referred to as the symmetrical involute thread. It 
will be observed that the involute thread form embodi 
rnent of FIG. 1 effects two types ‘of modi?cation or cor 
rections: 

(a) It locally disengages the threads in the vicinity 
of the pressure ?anks where they join the root radius of 
the external threads thus eliminating stresses in a highly 
stressed area. 

(b) The section modulus of the external thread It) 
is decreased from that of the basic thread form (154647 
thereby rendering the external thread more ?exible. Both 
corrections cooperate to increase the fatigue life of the 
loaded thread system as previously described. 
Where the point of tangency 14 is either above or 

below line P-P', the corrections will also serve to increase 
the moment ‘arm. If the point of tangency is above P-P' 
at 14' the moment arm on the external thread will be 
increased and the moment arm on the internal thread 
decreased. If the point of tangency is below P—P' at 14’ 
the moment arm of the internal thread will be increased 
and that of the external thread decreased. 

It is also possible to provide thread modi?cations ac 
cording to this invention where the involute con?gura 
tion is given only to the pressure ?ank and the clearance 
?ank is uncorrected. Such thread forms are referred to 
as asymmetrical involute threads. 

In the thread form illustrated in FIG. 1, radius 19 is 
equal to four times the thread height 27 and extends 
between the point of tangency 14 and the external thread 
crest 24 and the radius 18 is equal to one-half the thread 
height 27 and extends from the point of tangency 14 
toward the root 25. The root radius 20 is swung from 
a point 20’ midway between the ?anks at 75% of the 
thread height. These radii have been found to give out 
standing performance where the point of tangency is in 
the general vicinity of the line of the pitch cylinder but 
the invention is not to be deemed as limited thereto. 

FIGS. 2 and 3 illustrate two embodiments of semi 
involute external thread forms. FIG. 2 is an asymmetrical 
external thread with an involute pressure ?ank extending 
toward the crest and in FIG. 3 an asymmetrical external 
thread form is shown in which the pressure ?ank diverges 
from contact on a straight line extending toward the 
crest. 

Referring to FIG. 2, there is illustrated an external 
thread 30 and an internal thread 31. The portion of the 
pressure ?ank 32 from the line of the pitch cylinder 
P-P' to the crest 33 of the external thread is formed in 
the same manner as the involute embodiment of FIG. 1; 
the radius 34 extending between the pitch line and the 
crest is tangent to the fundamental thread triangle in the 
general vicinity of the pitch line P-P’. The point of tan 
gency 34’ can, however, be above or below the pitch 
line, e.g., at 35 or 36. Below the point of tangency, the 
thread has a conventional configuration. In the preferred 
embodiment, the ?anks, roots and crests of theexternal 
thread are formed by one step thread rolling operation. 
In this connection, machining the correction onto a con 
ventional thread form will induce surf-ace stresses and 
necessitate a retempering operation to remove these 
stresses. Further rolling permits a greater freedom of 
formation and enables higher strength (e.g., up to 260,000 
p.s.i.) materials to be threaded. 

Further, because the asymmetrical semi-involute thread 
form has greater rn-ass above the pitch line than does the 
symmetrical semi-involute thread, the asymmetrical form 
will, under certain circumstances, have greater resistance 
to shear and will therefore be less subject to stripping. 
In addition, the asymmetrical embodiments of external 
semi-involute thread will, when used with a nut a pre 
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vailing torque lock provided by displaced or non-circular 
thread con?gurations, exhibit more e?icient locking action 
than the corresponding symmetrical semi-involute em 
bodiment. 
The asymmetrical ~semi~involute thread form of FIG. 2 

serves to increase the fatigue life by increasing the 
moment arm acting on the internal threads and shorten 
ing the moment arm of the external threads. The internal 
threads will, therefore, de?ect more under load and there 
by more uniformly redistribute the load. The external 
thread will be more rigid and less likely to have objection 
able bending stresses set up which will offset the gains 
obtained by load redistribution. 

The embodiment illustrated in FIG. 3 is also an asym 
metrical semi-involute external thread form. There is il 
lustrated an external thread form 40‘ and an internal 
thread 41 of standard con?guration. The pressure ?anks 
are 42 and 42’ and the clearance ?anks are 43 and 43’. 
On the pressure ?ank 42 of the external thread at a point 
44 at a uniform height relative to the line P-P' of the 
pitch cylinder, the ?ank 45 diverges away from the side 
of the fundamental thread triangle shown in dotted lines 
and joins the crest 46. The ?ank angle (x1 of the ?rst por 
tion 47 of the pressure ?ank running from root toward 
crest is the same as the ?ank angle a of the basic thread 
triangle and of the clearance ?ank but it is less than the 
?ank angle a2 of the second portion 48 of the pressure 
?ank running from crest toward the root. For the same 
reasons expressed above in connection with the FIG. 2 
embodiment, it is preferred to form the roots, crests and 
?anks of this thread con?guration by rolling. In this em 
bodiment, the point of divergency 44 is below the line of 
the pitch cylinder P—P'—about midway between the root 
of the external thread and the pitch line thereby making 
the internal thread more ?exible and the external thread 
more rigid. 
The bene?ts and advantages obtained by the FIG. 3 

embodiment are the same as those explained in connec 
tion with the con?guration of FIG. 2. 

FIG. 4 illustrates an embodiment wherein the form 
of the external thread 50' is modi?ed so as to disengage 
the ?anks of the internal and external threads in the vicin 
ity of the critical, highly stressed root portions of the 
external thread. In this case, the internal thread has a 
conventional con?guration and ?ank angle a; the ex 
ternal thread, however, has a ?ank angle ml which is less 
than a; thus, where at is 30°, :11 should be about 25 to 28°. 
In addition to disengaging the threads in the vicinity of 
the root of the external threads, the external threads are 
rendered more ?exible in this embodiment by increasing 
moment arm acting on them and also by reducing the 
section modulus of the external threads. 

FIG. 5 illustrates an embodiment wherein the external 
thread 60 is modi?ed in such a way as to increase the 
moment arm acting on the internal threads thereby 
making the external threads more ?exible. In this case, the 
internal thread has a conventional con?guration and ?ank 
angle at; the external thread has been modi?ed so‘ that 
its ?ank angle a1 is greater than or; thus where a is 30°, 
all should be about 32 to 35°. 

It will be understood that in accordance with the inven 
tion the thread form modi?cations illustrated in FIGS. 
1-5 can also be applied to‘ the internal threads so as to 
cause the stresses to be redistributed along the length 
of engagement. 

According to one aspect of the invention and where the 
internally threaded member is a nut, the thread form 
modi?cation need only to be applied to the pressure ?anks 
of those external or internal threads which are nearest 
to the nut bearing face and which, therefore, carry the 
greatest load. In general, the bene?ts of this invention 
will be obtained if the correction is applied to the ?rst 
engaged full thread at the bearing face and some further 
bene?ts are obtained if the correction is applied to from 
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2 to 5 of the engaged threads immediately adjacent the 
bearing face. 
By further modifying the thread forms heretofore de 

scribed in the manner set forth in the aforementioned 
Patent 3,205,756, still greater improvement in fatigue 
life will be obtained. Thus, for example, a 1/2—20 external 
wrenching bolt heat treated to :provide a 220,000 p.s.i. 
minimum strength level and having the involute thread 
form of FIG. 1 when used in combination with standard 
internal threads has been found to increase the fatigue 
life of the loaded thread system (over that of a thread 
of conventional con?guration) by about 350%; and if 
this involute external bolt is used in a system also having 
a positive lead correction (as described in Patent 3,205, 
756) of 0.006 inch per inch of thread engagement be 
tween the nut and bolt, the fatigue life will be about 
700% greater than that of thread system having a con 
ventional thread form and matching leads. 
As disclosed in Patent 3,205,756, when the cross sec 

tional areas of the internal and external threads are sub 
stantially equal the optimum lead correction can be de 
termined from the following formula: 

wherein: Le=inches of lead differential between nut and 
bolt per inch of thread engagement; nlznumber of en 
gaged threads; Ft=total tensile load in pounds; Ezthe 
modulus of elasticity of the nut in pounds per square 
inch; and A is the cross sectional area. 

In addition‘, the lead differential should not be suf 
?ciently large as to cause the unloaded system to have 
an interference ?t. If the lead correction is so large as to 
cause an interference ?t, it is necessary to also change the 
true pitch diameter of the lead corrected threads to com 
pensate for the change in virtual pitch diameter which 
results from lead differential. The change in true pitch 
diameter (APD) for 60° basic thread forms can be com 
puted from the following formula: 

wherein Ht =nut height in inches. The A'PD correction 
will be (+) for internal threads and (-—) for external 
threads, and can be applied to either or both members 
of the fastener combination. 

FIG. 10 illustrates schematically the lead corrected 
thread system according to Patent 3,205,756. 

In FIG. 10: 

APH=ehange in pitch length of the bolt in inches. 
APN=change in pitch length of the nut in inches. 
PDB=basic pitch diameter of the bolt in inches assuming 

perfect thread form and con?guration; and where 
Le=0 it will be both the true and the virtual pitch 
diameter. 

PDN=true pitch diameter of the nut in inches assuming 
perfect thread form and con?guration; and where 
Le=0 it will be the virtual pitch diameter. 

SN=stress on nut. 
SB=stress on bolt. 

Le 

Another aspect of this invention is concerned with tools 
and dies for forming threads of the type disclosed herein. 
FIGS. 6 and 7 each illustrate one die of a set of Water 

bury dies which can be used to roll form the roots, ?anks, 
and crests of external threads having high fatigue char 
acteristics. The die of FIG. 6 can be used to form threads 
of the type illustrated in FIG. 1. As shown in FIG. 6, the 
die is provided with a series of parallel ribs 50 whose 
cross section as can be seen in the enlargement (FIG. 6') 
is a true mating con?guration for the symmetrical in 
volute die of FIG. 1. The rib ?anks 51 for forming the 
pressure ?anks of the screw threads are de?ned in cross 
section by two curved portions 52, 53—usually on differ 
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6 
ing radii-curved portion 52 extending from the rib crest 
toward the rib root and curved portion 53 extending from 
the rib root toward the rib crest. Portions 52 and 53 con 
verge at a reference line 54 extending along the rib ?ank 
at a uniform height relative to the rib root. The curved 
portions 52 and 53 are tangent to the fundamental rib 
triangle shown in dotted lines at the reference line 54 and 
diverge away from the side of the fundamental rib tri 
angle as they curve from the reference line toward the rib 
root and the rib crest. The reference line 54‘ can be posi 
tioned at above or below the line of the pitch cylinder of 
the screw thread to be formed with the die. In FIG. 6, 
the reference line 54 is at the pitch line P-P’. 
The die of FIG. 7 can be used to form semi-involute 

asymmetrical threads akin to the external thread of FIG. 
3. The die includes a series of parallel ribs 61 whose cross 
section can be seen in the enlargement FIG. 7'. The rib 
?anks 61 for forming the pressure ?anks of the screw 
thread include two angularly arranged portions 62, 63, 
which intersect at a reference line 64 extending along the 
rib ?ank at a uniform height relative to the rib root. The 
?ank angle a of rib portion 62 between the rib crest and 
the reference line is less than the ?ank angle (:1 of the rib 
portion 63 between the rib root and the reference line 
and the ?ank angle m2 of the clearance ?ank forming rib 
65, from root to crest, is equal to a. The reference line 64 
can be at above or below the line of the pitch cylinder 
P-P' of the screw thread to be formed therewith. 

FIG. 8 depicts one die of a set of Reed dies for rolling 
external threads and FIG. 9 is a tap for forming internal 
threads, both instrumentalities can be used to impart con 
?gurations of the type described in this application if the 
helix rib is given an appropriate mating cross section. 
As used herein, the term “basic thread form” is the 

theoretical pro?le of the thread for the length of one 
pitch in an axial plane, on which the design forms of the 
threads for both the external and internal threads are 
based. The term “fundamental triangle” is the triangle 
whose corners coincide with'three consecutive intersec~ 
tions of the extended ?anks of the basic form. 
We claim: 
1. A screw thread system including an internally 

threaded member and an externally threaded member 
whose ?anks, crests and roots are formed by rolling, said 
system being characterized in that 

(a) the pressure ?ank of the internal thread from its 
root and at least to about the vicinity of its pitch line 
is disengaged from the pressure ?ank of the external 
thread and the pressure ?ank of the internal thread 
is in contact with the pressure ?ank of the external 
thread in the vicinity of the pitch line when the 
system is loaded. 

(b) the internal threads have, when in an unloaded 
condition, a progressively longer lead than the lead 
of the unloaded external threads, the lead differential 
being suf?cient to compensate for the shortening of 
the lead of the internal threads and the elongation 
of the external threads which occurs on loading of 
the thread system and thereby provide for a more 
uniform distribution of stress concentration at the 
roots of the engaged external threads, and, 

(c) said thread system being further characterized in 
that the true pitch diameters of the internal and ex 
ternal threads are corrected to cause the virtual pitch 
diameters to approach the basic pitch diameter and 
thereby prevent an interference ?t when in an un 
loaded condition. 

2. A thread system according to claim 1 having a 60° 
basic thread form and wherein the change in the true 
pitch diameter APD, is computed from the following 
formula 

APD=1.732><Le><HT 
wherein Le is the lead differential in inches per inch of 
thread engagement, and HT is the nut height in inches. 
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3. A screw thread system according to claim 1 wherein 
the ?ank angle of the pressure ?ank of the internal thread 
is 30° and the ?ank angle of the pressure ?ank of the 
external thread is 32° to 35°. 

4. A screw thread system according to claim 1 wherein 
the pressure ?ank and the clearance ?ank of the external 
thread are of symmetrical cross section. 

5. A screw thread system according to claim 1 wherein 
the pressure ?ank and the clearance ?ank of the external 
thread are of asymmetrical cross section. 

6. A screw thread system according to claim 1 and 
further characterized in that the pressure ?ank of the 
external thread when the system is loaded is locally dis 
engaged from the pressure ?ank of the internal thread in 
the vicinity of the juncture of the external thread’s root 
radius and pressure ?ank of the external thread. 
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