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1 
The present invention relates to an improved 

process and apparatus, such as a tap or die, for 
cutting threads upon a member made of a ma 
chinable material. 
Threads are generally used to hold two ele 

ments together in a readily engageable and re 
movable manner. One thread is formed exter 
nally upon one element or male member and a 
second thread is formed internally upon the other 
element or female member. These threads are 
helical ridges cap-able of nesting with each other, 
each ridge being received in the space between 
the spirals of the other ridge when the members 
are rotated with respect to each other in one 
direction and removable from nested position 
when rotated in the opposite direction. 
The largest diameter of the thread is known 

as the major diameter, while the smallest diame 
ter is known as the minor diameter. 
The snugness with which the ridges on the 

two joined elements nest is called the ?t and ?ve 
distinct classes of ?ts have been established for 
the purpose of insuring the interchangeable 
manufacture of screw thread parts throughout 
the country. A “class one" ?t is a loose ?t. A 
“class two” ?t is a free ?t. “Class three” is a 
medium ?t. “Class four" is a close ?t, while 
“class ?ve” is a wrench ?t. 
To insure this interchangeability of screw 

thread parts, there is an intentional difference 
provided in the dimensions of the mating parts, 
which difference is called “allowance.” This re 
lates to the minimum clearance permitted and 
represents the tightest permissible ?t, i. e. the 
?t permitted between the largest expected male’ 
member mated with the smallest expected fe 
male member. In order to control what is to 
be expected regarding maximum and minimum 
sizes, a “tolerance” criterion is set up to deter 
mine the amount of variation permitted in the 
size of each of the two parts. 
Whether or not the rated class ?t is maintained 

is a question then of allowance and the smooth 
ness of the ?nish upon the surfaces of ridges 
which contact each other. If this ?nish is rough, 
a higher class ?t is sacri?ced because allowance 
must be sacri?ced to enable the threads to mate 
in spite of the roughness. The smoother the 
?nish, the closer the allowance can be held and 
still have the parts mate, and thereby the higher 
is the class ?t that can be attained. 
Threads are generally cut by taps or dies, de 

pending upon whether the thread is an internal 
thread or an external thread, respectively. A 
tap is usually a. cylindrical bar of steel with one 
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2 
or more threads formed. around it, and with 
grooves or ?utes cut lengthwise in it to intersect 
the threads and thereby form cutting edges at 
the leading edges of the interrupted threads 
which cut an internal ridge or thread. A die 
is usually a flat piece of steel internally threaded 
and provided with grooves or flutes intersecting 
the threads to form cutting edges which cut an 
external thread. Those portions which remain’ 
between the ?utes are called the lands. 

In order to spread the cutting load over more 
than those cutting edges which are present in one 
turn of the thread, the starting end of the tap 
or die has its thread turns chamfered to pro 
vide a lead which divides the total cutting load 
between the number of cutting edges in a turn 
multiplied by the number of thread turns affected 
by the chamfer. With this arrangement, each 
cutting edge cuts a portion of the total material 
from the member being threaded until the depth 
of the engagement covers the chamfered portion. 
For instance, if the chamfer covers three turns, 
the cutting edges present in these three turns 
do not complete the thread they are cutting until 
the tap or die is rotated three turns with respect 
to the member being threaded. Furthermore, if 
there are four cutting edges per turn, there are 
four cutting edges for each of the three turns 
over which the cutting load is distributed, name 
ly, twelve cutting edges. . 
The flutes in the tap not only provide cutting 

edges, and a passage for the lubricant to flow to 
the cutting edges, but also clearance for the re 
moval of chips made by the cutting. edges. In 
order to have as large ?utes as possible for maxi 
mum clearance the ?utes conventionally are 
spaced at equal distances around the thread. 
In cutting threads upon a machinable mate 

rial, the character of the metal has much to do 
with the ?nish, the allowance, and the tolerances 
that can be maintained, and, therefore, through 
these the class ?t possible to attain, A stringy 
material such as aluminum and theme ‘handled 
plastics or high alloy metals such as S. A. E. 4140 
or cold rolled steel present many problems along 
these lines. Ductility, hardness and temper 
which provides a material of such a character 
as to incur packing, ripping, or tearing when be 
ing machined, results in scored and roughened 
wall ?nish. 
Furthermore, as the cutting edges cut into the 

‘body of the member being threaded there are 
variations encountered in the grain or material 
of the member and also discrepancies between 
the alignment and feed of the member and the 
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tap or die. This causes the top or die to hunt to 
an extent sui?cient for the cutting edges to dig 
deeper in some places than in others, particularly 
if the material is a stringy or ductile material. 
In addition to this, irregularities caused by pre 
ceding cutting edges a?ect the operation of fol 
lowing edges. 

All of this a?ects tolerances and through this 
the class ?t derivable. The class ?t is the sum 
mation of all the factors involved and, therefore, 
the greater are the di?‘iculties of attaining per 
fection when all factors require improvement, 
and control. 
Many times a cutting edge is broken or frac 

tured if it cuts deeper or hits a hard spot, and 
the torque effort ?exes the tap enough to permit 
a very heavy load to be concentrated upon a 
limited number of cutting edges. This not only 
affects the quality of the thread adversely, but 
also the life of the cutting edges. Often the taps 
or cutting edges snap off or are spoiled beyond 
repair 
In event the class ?t is not up to that required, 

due to any one or more of the above factors, extra 
steps have to be taken- to further ?nish the thread 
as by grinding or using a second or ?nishing tap 
or die. These extra steps consume time‘ and re 
quire extra equipment. 
The present invention eliminates these dif? 

culties and provides a thread having a smoother 1 
wall and one which can be held to closer 
tolerances. Not only’ this, but a further object 
of the invention is to provide a stronger tap or 
die, and one which will have an improved life. 
These being among the objects of the present 

invention, other and further objects will be ap 
parent from the drawing, the description relat 
ing thereto, and the appended claims. 

Referring now to the drawing, 
Fig; 1 is a side elevation of a lathe equipped 

with a tap embodying the invention; 
Fig. 2 is a side elevation of thetap shown upon 

the lathe in Fig. 1; 
Fig. 3 is a section taken upon line 3-—3 in 

Fig. 2; _ 
Fig. 4 is a top view of a die embodying the in 

vention; 
Fig. 5. is a section taken upon line 5-5 in 

Fig. 4; 
Fig. 6 is. a top view of another die embodying 

the invention; 
Fig. '7 is a section taken upon line 1-1 in Fig. 6. 
In the practicev of the invention, it is preferred 

to provide three or more cutting edges. and lands 
which successively cut and contact a workpiece 
respectively in a predetermined spaced order in 
which some of the cutting edges are followed by 
short lands and one cutting edge is followed by 
a, land wide. enough to contact the workpiece over 
an area approximately one-fourth of the periph 
ery of the cut. 
In event the cutting load is to be distributed to 

cutting edges in more than one turn of the 
thread», the ?rst several turns. are chamiered and 
the thread so arranged that the order of cutting 
edges in the ?rst turn is repeated for successive 
turns in which preferably the cutting edge upon 
the wide land is the last to cut and engage the 
work, thereby following equally spaced cutting 
edges on the narrow lands. The cutting: edges 
on- the narrow lands in. the second turn of the 
thread and the second cutting edge on the wide 
land follow inthat order, etc., to the third, iourth 
and ?fth cutting edges of the respective turns, 
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4 
depending upon the number of turns of the 
threads which are chamfered. 
The cutting edges out along a helical path 

and the wide land preferably contacts the work 
piece over an arc. of substantially 90° or more 
of one turn of the helical path. 
The cutting edges upon the remaining lands 

and the lands themselves are preferably balanced 
as much as is practical upon opposite sides of a 
diametral line bisecting the are just mentioned 
for the wide land. 
The relationship between the wide and narrow 

lands regarding area is preferably determined as 
near' as possible by the following criteria, namely, 
that the wide land should be less than the total 
area of the narrow lands. 
With this arrangement there is good torsional 

balance without unbalanced drag and the cut 
ting load is substantially balanced on both sides 
and opposite of the wide land so that the wide 
land serves as a built-in lead thread and steady 
rest for the other cutting edges. Furthermore, 
the wide land supplies a burnishing action for the 
preceding cuts in each turn as the threads are 
being cut. 
The steady rest e?ect of the Wide land prevents 

the other cutting edges gouging the work and 
weaving radially. The lead effect of the threads 
upon the wide land directs the cutting edges to 
out true on a helical path and prevents weaving 
axially. Furthermore, the stock of the wide land 
rig-idi?es the tap or die against deflections that 
would otherwise cook or displace the other cutting 
edges and provides them with a torsional support 
which is radial to the cutting edges as well as 
longitudinally of the narrow lands. 
The relationship of areas just mentioned is of 

interest on this point also because as each land 
is cut away in sharpening the edges, the narrow 
lands are each made narrower as much as the 
wideland. The relationship regarding total areas 
changes since the total cut away from the narrow 
lands is greater than that cut from the wide land 
during the expected life‘ of the tool. However, 
with the narrow lands becoming narrower and 
narrower with sharpening, their tendency to dig 
and hunt independently is increased and the rela 
tive increased area of the wide land serves more 
and more as a steady-rest to counteract the in 
creasing tendency of the narrowing lands to dig 
and hunt. 
The burnishing action provided by the Wide 

land removes slight irregularities that might oc— 
our in one revolution and thereby prevents the 
pyramiding of such irregularities as far as sub 
sequent cutting edges are concerned. 
These results not only provide an improved 

thread so that a higher class ?t can be attained, 
but also increase tool life for the taps and dies 
themselves a great deal. 
Having thus described the process of the in 

vention, the invention is characterized by a tap 
or die‘ construction having three or more cutting 
edges and lands in which one of the lands oc 
cupies approximately 90° of the circumference 
of the tap or die and the remaining lands are 
disposed at substantially equal intervals over the 
remainder of the circumference. 
As more particularly shown in the drawing, 

a tap l0 having a shank ll squared at l2 to be 
received in a holder 13 (Fig. 1) has a body por 
tion I4 provided with a helical thread l5. Flutes 
I 6 are out longitudinally along the body portion 
crosswise the threads and deep enough to section 
the threads‘upon ‘lands I1 to provide cutting 
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edges 18 upon the leading edges of the thread 
sections. " 

One of the lands Ila is of su?icient peripheral 
expanse between adjacent ?utes to occupy an 
arc of approximately 90°. It is preferred that 
this are be very little less than 90°, if any, and 
a little more than 90° if convenient in the design. 
Furthermore, it is preferred that the area of 
the wide land not exceed the total area of the 
narrow lands. Thus, as the cutting edges are 
dulled in use and resharpened back into the land 
Ila, approximately 90° of land will preferably 
exist throughout the life of the tap, the amount 
to which the wide land will be cut away in sharp 
ening being determined by the amount of sharp 
ening the narrow lands will permit. 
The cutting end of the tap I0 is chamfered 

as at 20 to provide a lead of several thread turns 
and the ?rst cutting edge is located preferably 
upon the narrow land following the wide land 
11a. 
The narrow lands may be cha'mfered and radi 

ally relieved in the usual manner but the cham 
fer angle upon the wide land is carried through 
on the lead of the thread throughout the width 
of the wide land so that the cross sectional con-' 
tour of a chamfered thread on the wide land is 
constant throughout its length. This is accom 
plished by determining the ch-amfer angle be 
tween the top and a grinding wheel, starting the 
grinding cut at the cutting edge and leading the 
tap into the wheel by the lead of the thread 
being ground. Thus, the thread on the wide 
land following its cutting edge is of the same 
dimension throughout its length to ride solidly 
in the groove the cutting edges of the tap have 
made up to that turn. 
With this construction, the wide land serves 

as a lead thread for the next turns, being cir 
cumferentially wide enough so as not to be af 
fected by irregularities caused by the preceding 
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cutting edges, and serving as a steady rest for ‘ 
the tap and the remaining cutting edges which 
follow, as already mentioned. Then, as the cut 
proceeds, the wide land serves in its own cut to 
burnish the completed threads so that the steady 
rest eifect is ?rmly supported and chatter or 
lateral yield at any cutting edge is greatly reduced. 
Furthermore, the increased stock provides the 

tap with a greater structural rigidity under torque 
strains. The resulting thread is one which can 
be rated one or more class ?ts higher than that 
provided with a conventional tap. 
The tap may be supported in any one of a 

number of machines for use. In Fig. 1, by way 
of example, a turret lathe 2| is provided with a 
head 22 for supporting and rotating a workpiece 
23. 
rection, depending upon the position of the con 
trol handle 24. 
The tap I0 is secured in the holder l3 that is 

supported upon a releasing tap or die holder 24, 
being provided with a clutch mechanism (not 
shown) which supports the tap against rotation 
until a certain depth is reached, at Which point 
the clutch releases the tap to turn with the work 
piece unil the direction of rotation thereof is re 
versed. When rotation is reversed, the clutch, 
being a one way clutch, prevents rotation of the 
tap and the tap removes itself from the work 
piece as by unthreading. 
The releasing holder 24 is mounted upon the 

turret 25 at one of the stations, the others of 
which may be used to support other tools needed 
in processing the workpiece 23. 

The workpiece can be rotated in either di-_ 
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The turret 24, and thereby ‘the tap ‘I0 is ad 

vanced and retracted by the control pivoted as 
at 21 to the turret bed 28 and as at 29 to the lathe 
bed 30, the turret bed riding on slideways 3| upon 
the lathe bed. ' 

The principle applies also to dies, reference be 
ing made to Figs. 4 and 6 Where in Fig. 4 flutes 
33 are made crosswise of the thread 34 to provide 
cutting edges 35 upon lands 36 with a wide land 
36a occupying approximately 90° of one turn of 
the thread upon dies 32 and 32a. In fact, the op 
eration of a conventional die can be greatly im 
proved if an insert, such as that represented 
diagrammatically at 3'! is introduced into one of 
the ?utes, if the die shown in Fig. 4 otherwise was 
conventionally constructed provided the total 
land area of the wide land thus provided is ap 
proximately 90°. 
In Fig. 6 is shown a die 32a having a con 

struction wherein ?ve cutting edges are provided 
with four narrow lands 38 spaced at equal dis 
tances in the are not occupied by the wide land 
38a. Otherwise, the dies shown in Figs. 4 and 6 
are split as at 40 and threaded as at M to re 
ceive an adjusting screw 42 to determine the di 
ameter of the thread to be cut, and the dies are 
provided with looking depressions .43 to support 
the dies in suitable die holders (not shown) that 
can be received by the holder 24 for use in a 
way similar to that described in connection with 
the tap. 
The size of the tap or die is immaterial so long 

as the relationships discussed are maintained, 
the additional advantage existing with the larger 
sizes of more cutting edges being available. In 
fact, the design shown in Fig. 6 illustrates the ar 
rangement and number of cutting edges that is 
preferred for a die which is next in size to the 
die shown in Fig. 4. 
Furthermore, the principles set forth herein 

and discussed apply to taps or dies with spiral‘ 
?utes and tap and dies designed to cut taper or 
pipe threads and the claims are to be so con 
strued if not otherwise limited. 

- Having thus described the process and the 
preferred embodiments of the invention for 
threading a machinable material, it will be ap 
parent from the description how the objects vand 
purposes of the invention are accomplished. 
However, since in some respects it is not pos 
sible to account fully for the improved results 
which are obtained byythe method and apparatus 
of this invention, it should be understood that 
any attempt to analyze the theory which is be- 
lieved to be responsible for these. results is to be 
construed not as defning a mode of operation but 
merely as a possible explanation of certain physi 
cal and metallurgical phenomena which have 
been observed. . 

Consequently, although certain preferred em 
bodiments of the invention have been shown and 
described herein, it will be apparent to those 
skilled'in the art that various uses, modi?cations 
and changes can be made without departing from 
the spirit and substance of the invention, the 
scope of which is commensurate with the ap 
pended claims. 
What is claimed is: 
1. A thread cutter for a machinable material 

comprising a unitary member having a thread 
cutting edge followed by [a] an integral land 
[occupying] extending approximately 90° of a 
circle and a plurality of relatively narrow lands 
spaced at substantially equal intervals over the 
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remainder of the circle by longitudinal ?utes sep 
arating the lands and forming cutting edges 
thereon. ~ 

2. A thread cutter for a machinable material 
comprising a unitary member having a thread 
cutting edge followed by [a] an integral wide land 
having uninterrupted thread elements thereon ex 
tending from one side to the other side of the 
land for contacting a workpiece over an area in 
excess of approximately 90° of a circle, and a 
plurality of relatively narrow lands spaced at 
substantially equal intervals over the remainder 
of the circle by longitudinal ?utes forming cut 
ting edges thereon. 

3. A button die'having one unitary land in 
excess of approximately 90° of a circle in width 
with a plurality of threads thereon uninterrupted 

’ from one side of the land to‘ the other, and a plu 
rality of other relatively narrow lands spaced at 
equal distances over the remainder of the circle 
by longitudinal ?utes forming cutting edges 
thereon. 

4. A thread cutter including a plurality of 
equally spaced, relatively narrow threaded cut 
ter lands and another unitary land formedin 
tegrally with the cutter occupying substantially 
90° of arc, said lands being separated by longi 
tudinal ?utes which provide undercut edges for 
the leading edges of the cutting lands. > 

5. A thread cutter for a machinable materia 
comprising a unitary member provided with a 
thread thereon sectioned into a wide land whose 
thread portion is uninterrupted from one side of 
the wide land to the vother side and a plurality 
of relatively narrow lands by longitudinally dis 
posed ?utes deeper than the thread and forming 
cutting edges on the leading edge of each land, 
said wide land occupying approximately a 90° 
are of one turn of the thread and the narrow lands 
being angularly spaced with respect to each other 
in the remaining portion of the thread turn. 

6. A thread cutter for a machinable material 
comprising a unitary member provided with a 
thread thereon divided by substantially identical 
longitudinal ?utes into a plurality of integral 
lands in excess of two, one only of which occu 
pies substantially a 90° arc of one turn of the 
thread, said ?utes forming‘ the cuttingyedges on 
the lands. ‘ 

7. A thread cutter for a machinable material 
comprising a member provided with a thread 
thereon sectioned into a plurality of relatively 
narrow equally spaced lands and a wide land by 
longitudinal ?utes which separate the lands and 
form cutting edges thereon, said wide land fol 
lowing the last of said narrow lands in the cutting 
sequence and occupying substantially a 90° arc 
of oneturn of the thread. . 

8. A thread cutter including a plurality of rela 
tively narrow relieved lands equally spaced by 
longitudinal ?utes forming cutting edges thereon 
and a wide land occupying substantially 90° of 
are and having uninterrupted threadsthereon of 
substantially constant cross-sectional size 
throughout their length. 

9. A tap characterized by a unitary integrally 
formed body having a plurality of relatively nar 
row equally spaced lands and a wide land of ap 
proximately 90", said lands being provided with 
threads and being separated by ?utes forming 
cutting edges on the leading edges of the lands. 

10. A thread cutting die characterized by a 
plurality of relatively narrow equally spaced lands 
and a unitary wide land of approximately 90°, 
said lands being provided with a plurality of un 
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interrupted threads thereonand being separated» 
by chip clearing ?utes forming cutting edges'on 
the leading edges of the lands. - 

11. A pipe thread cutter having a plurality of 
relatively narrow relieved lands. equally spaced 
from one another, and a unitary land of approxi 
mately 90° are having [a] an uninterrupted 
thread thereon of constant cross-sectional size 
throughout its length. ‘ - 

12. A thread cutter characterized by a plurality 
of- relatively narrow circumferentially spaced 
lands bounded by ?utes forming cutting edges 
thereon and chamfered and relieved forone of 
the narrow lands to start the cut, andv a wide land 
occupying substantially 90° arc and chamfered 
to engage a workpiece after-the cut is started. 

13. A thread cutter characterized by aplurality 
of relatively narrow lands bounded by substan 
tially identical ?utes forming cutting edges there 
on and chamiered for one of the lands to start 
the cut, and a wide land occupying substantially 
90° are and having threads thereon chamfered to 
substantially a ‘ constant cross-sectional - size 
throughout their length to engage a workpiece 
after the cut is started. I a 

14. A thread cutter includingia plurality of 
equally spaced, relatively narrow threaded cutter 
lands and ‘a relatively wide integral land, said 
lands being separated by longitudinal ?uteswhich 
provide undercut edges for the leading edges of 
the lands, and said wide land occupying as a uni 
tary element an are approximately equal to the 
sum of the arcs of two adjacent narrow lands and 
the space between them. 

15. A tap characterized by a plurality ofrela 
tively narrow equally spaced lands and a wide 
land, said lands being provided with threads and 
being separated by ?utes forming cutting edges 
on the leading edges of the lands, and said wide 
land comprising an integral unitary land. occupy 
ing an are approximately equal to the sum of the’ 
arcs of two adjacent narrow lands and the space 
between them. > 

16. A tap characterized by a plurality of rela 
tively narrow equally spaced lands and a wide 
land, said lands being separated by ?utes forming 
cutting edges on the leading‘edges of the. lands 
and being provided with uninterrupted threads ' 
extending from one side to the, other side of each 
land, and ‘said wide land with its' respective 
threads thereon occupying an are approximately 
equal to the sum of the arcs of two adjacent nar 
row lands and the space between them. 

WILLIAM B. JOHNSON. 
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