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(4) A THREAD-FORMING SCREW -

1) I, Fumio HIRABAYASHI, a citizen
of Japan, of 11—11, 3-chome, Nishimikuni,
Yodogawa-ku, Osaka, Japan, do hereby de-
clare the invention, for which I pray that a
patent may be granted to me, and the
method by which it is to be performed, to
be particularly described in and by the
following statement:— v

The present invention relates to a thread-
forming sheet screw, and more particularly
to an improvement in such a screw which
is especially designed for screwing into a
metallic sheet or plate member of small
thickness. _

In fastening a screw into a thin metallic
sheet member, a certatin conventional
method is known wherein a screw is inserted
with its threaded. shank through a pre-

viously drilled hole of greater diameter than -

the external thread diameter of the screw
shank ‘and is then screwed up tightlfy onto
f the

a nut provided at the 'reverse‘\ side
sheet member for holding the in| >rted screw.
A further method is also knowh wherein a
sheet member is at first formed with a
smooth pilot hole, which hole is in the
next stage forcibly enlarged by inserting a
conical punch thereinto in order to form
an integral socket with an annular flange
that protrudes outwardly from the opening
of the hole at the reverse side of the sheet
member afid in the final stage said hole as
well as %aid protruding socket being intern-
ally threaded with a tapping device for
facilitating engagement with a mating ex-
ternal thread of a screw. However, such

' . conventional methods ‘are extremely un-
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economical. Thus, there have recently been
proposed several types of self-tapping sheet
screws which are applicable merely to a pre-
viously drilled hole of smaller diameter than
the external thread diameter of the screw
shank. However, such types of screws still
“waste time and cost, since- those require at
least two separate steps, viz. a first drilling
operation and then a screwing-in operation.

Thus, more recently, several different types
of self-tapping sheet screws have been pro-
posed which are provided at one shank end
with a tapered work-entering portion which
has sharp ridges extending respectively

“along an entire tapered surface of said work-

entering portion to terminate in a pointed
end, whereby a sheet is pierced to form an
initial pilot aperture of small diameter, which
is, in turn, forcibly enlarged and deformed
to form a substantially annular protrusion
extending outwardly from the edges of the
aperture on the opposite side of the sheet,
as said work-entering portion intrudes there-
into. Though this type of prior art screw is
convenient to use in a sense, since it permits
fastening in a single screwing-in operation,
it still has many disadvantages, the first and
most significant being that the sheet is not
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only éasily cracked around the vicinity of -

the aperture formed during the forcible in-
trusion of said tapered work-entering por-
tion, but also suffers from early propagation
of fatigue cracks. Further, the initial “de-

velopment of the cracks invites the second .

disadvantage that the protrusion formed is
not sufficient in height, so that the mating
threads to be formed on the internal face of
the protrusion are not enough in number to
support the screw shank to be received there-
in. The third disadvantage is that the aper-
ture is not only excessively enlarged, but the
peripheral wall of the aperture is also par-
tially reduced in thickness due to the tear-
ing or scratching-off function of the sharp
ridges of said tapered portion, so that the
desired securing force of the screw is mot
obtained. This third disadvantage is especi-
ally important when screwing into aluminium
plate or other sheet of mild character as well
as with a very thin tinned sheet-iron. The
fourth disadvantage is that the screw is likely
to advance into the sheet at an angle due to

‘the presence of the cracks caused by the

forciole intrusion of the work-entering por-
tion as well as the probable lack of uni-
formity in wall thickness surrounding the
aperture caused by scratching-off of the sharp
ridges of the work-entering portion.
According to this invention, there is
provided a thread-forming sheet screw com-
prising a screw head, a self-tapping threaded
shank connected at its top-end to said screw

head, a pyramidal or substantially pyramidal
.end 2%42' the bottom end. of the screw

and—«fminating in a point, said pyramidal
end having a tip portion disposed adjacent
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tween said tip portion and the threaded
shank, said tip portion having a plurality

of sharp ridges extending divergently from .

said point toward said base portion, said

base portion having a plurality of rounded

ridges with curved outer surfaces extending
continually from each of said sharp ridges
towards the bottom end of said threaded
shank, and said curved outer surfaces of
said rounded ridges becoming greater as they
approach the bottom end of said threaded
shank, o -
Further, preferable, features of the inven-
tion will be apparent from Claims 2 to 8.
The features and advantages of the pre-
sent invention will become more apparent
from the following description of some of
the preferred embodiments thereof taken in
conjunction with the accompanying draw-

ings. It is to be expressly understood, how-
ever, that the drawings are for purpose of
illustration only and are not intended as
definition of the limits of the present in-
vention. '

In the drawings:

Figure 1 is a front elevation of a first
embodiment of a sheet screw according to
the present invention; -

Figure 2 is a greatly enlarged fragment-
ary elevation showing in detail the end por-
tion of the screw of Figure 1; ;

Figures 3 to 5 are horizontal cross sections
taken along the lines II—III, IV—IV and
V—V of Figure 2, respectively; .

Figure 6 is an enlarged fragmentary ele-
vational view of the sheet screw of Figure
1, illustrating the end portion thereof pierc-
ing a sheet member to form an initial aper-
ture therein; ' : '

Figure 7 is a similar view to Figure 6 illus--

trating an integral burred protrusion being
formed around the. aperture in the sheet
member; -
Figure 8 is an enlarged fragmentary per-
spective view of a pyramidal end of a second
embodiment of a sheet screw according to.the
present invention; - o
Figure 9 is a horizontal cross. sectgonal
view taken along the line TX—IX of Figure
8;- . _ - ' )
Figure 10 is a similar view to Figure 8, but

showing a third embodiment of the present

invention; e L
Fignre 11 is /-a/cross section along the line
XI—XT of Eigure 10; e
Figure 12 is a likewise a similar view 4o
Figure 8, but showing a fourth embodiment
of the screw in accerdance with the present
invention; - .- ' o -
‘Figure 13

enlarged fi» j'henféry elé-

jon showing a fifth embodim®%& of the
screw of the present invention; . i

Figure ‘15 pis a vertical . cross sectional

is. a cross’ gection. on thehne
XTI—XIII of Figure 12; R
" Figure 14 is an

xllifw taken along the line XV—XV of F;gure
i-'«‘igure 16 is an enlarged fragmentary ele-

vation of a sixth embodiment of a sheet -

screw according to the present invention;
Figure 17 is a horizontal cross sectional
view taken along the line XVII—XVII of
Figure 16; and : o
Figure 18 is an enlarged fragmentary ele-

vation' of a seventh embodiment. of a sheet 75

screw according to the present invention.
Referring now to the drawings, firstly in

particular to Figures 1 to 5 illustrating the -

first embodiment, a sheet screw 10 has a .

70

screw head 11, a threaded shank 12 of sub- 8(;":"4

stantially cylindrical shape connected . at its

top end to said screw head 11, and a non-/
threaded pyramidal end 13 which extend§

from the bottom end of said threaded shdnk
12 to terminate in a point 14. Said.pyra-
midal en 13 is divided into two parts, viz.
a tip portion 15 with sharp ridges 16 ex-
tending divergently from the point: 14, and a
base or frustum portion 17 with.rounded

4
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ridges 18, the former being” of the height 90

defined by the reference () in Figure 2 and
having a square shape in horizontal. cross
section as shown in-Figure 3, while the
latter is substantially’ bounded by dhe lines
TI—IH and V-
as it approach _
threaded sh: 12. The curved surface of
each rounded ridge 18 spreads wider as said
n 17 increases in diameter, Said

the bottom end of said

opera! the base portion 17 prin-
cipally .cawies out aperture-enlarging and

protrusion-forming operations, as ‘will be

hereinafter described in detail. Incidentally,

and increases in diameter 95

base porti _
tip pc&ﬁdﬁj‘s performs a drilling or cutting 100
onﬂhile

it will be easily understood that the quad- 105

rangular pyramidal end 13 as illustrated in
Figures 1 to 5 may be replaced by a trigonal
or other polygonal end. '

"In the above-described construction of the

tically-opposite angle ¢ in Figure 2 may vary
preferably within the range of 25 to: 65

sheet screw 10, the included amgle of the 110
‘pyramidal end 13 as indicated by its ver- = -

degreés in accordance with thé hardness of
the sheet material 10 which the screw is to 115

be applied. In the case of the sheet 19 be-
ing madeof iron or the like hard. material,
the angle @ should be decreased to about
25 degrees, while if the sheet is of aluminium

or the like softer material, the value of 4 120.

should be increased to about 65 degrees.
Further, the number of sides of the pyr-

-amidal end may also. vary in accordance ..
with the hardness of the sheet. Generally, it

is preferable to increase the number of poly- 125

gonal sides for harder sheet materials. How-

‘ever, tén or more polygonal sides. should be

avoided because a pyramidal end having so
many sides will come near to being a cir-

cular cone, and .as a result, the stress con- 130
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centration on each of the rounded ridges and
the initial aperture 20* (Figure 6) cannot be
effectively enlarged enough to form a pro-
trusion 21 of the desired height without de-
velopment of undesirable cracks around the
aperture 20. The height of the tip portion
15 as indicated at reference (h) in Figure 2
should be determined in dependence on the
thickness of the sheet. Further, the size and
curvature of the rounded ridges 18 may pre-
ferably be determined in accordance with the
thickness as well as the characteristics of the
sheet material to which the screw is to be
applied.

In operation, when the screw 10 is driven
by means of a known power driver, the point

. 14 at first pierces the sheet member 19 at

the desired location to form a pin hole
therein. The hole is then enlarged by a drill-
ing function of the sharp ridges 16 fo form
an aperture 20 as shown in Figuce 6. As
soon as the aperture 20* is enlarged to give
a diameter (d) which substantially corres-
ponds to the maximum external diameter of
the tip portion 15, the base portion 17 enters
the aperture 20* to expand it forcibly to
form an enlarged aperture 20 together with
a substanfjally annular burred protrusion 21
which extends out from the reverse side 22
of the sheet 19, as shown in Figure 7. Next,
the threaded shank 12 is driven through the
enlarged aperture 20 into said protrusion 21
to form mating internal threads therewith
by the self-tapping function of the exfernal
threads 23 rolled on the shank {2. " i}

; \

In the above operation, owing| > the con-
struction of the base portion wherein
each of the rounded ridges 18 has a gradu-
ally expanding smooth outer surface as
shown in Figures 2, 6 and 7, the initial
aperture 20" of small diameter formed by
the drilling function of the tip portion 15 will
be smoothly and gradully enlarged to form
a. protrusion, 21 of the desired height with-
ont progucing undesirable cracks there-
around. Further, the interior walls of the
aperture 20 as well as those of protrusion
21 will be substantitally free from tearing or
scratching during the operation. '

Now, Figures 8 to 17 illustrate second

to sixth embodiments distinguished by pro-
vision of means for removal of .chips which
-are cut from the body of the sheet 19 before

the tapping operation. It will be.understood
that the removal of chips is very important
since they frequently damage the internal
surfaces of the aperture 20 and the pro-
trusion 21 to cause easy development of
cracks therearound. It will be also under-

stood that the aperture 20 should be finished -

as smooth as possible in order to make it
easy to form a protrusion 21 with the de-
sired height without cracks for attainment

of tight screwing-in. Further, fth.e-pres‘,enqe_

of the chips wastes effort on driving the
SCIew.

Thus, the modified pyramida] end 13¢ as
shown in Figures 8 and 9 is provided with a
pair of recesses 24a at opposite sides of the
tip portion 15. Each recess 24a expands
upwardly from a point 14 along one of the
sharp ridges 16 so as to give an acute-angled
cutting edges 254 and a flat vertical rake
face 26a, for raking or scooping the chips
clear of the aperture 20, extending diagon-
ally towards the vertical axis of the pyr-
amidal end 13« as shown in Figures 8 and 9.
In operation, the chips which are cut off by
said cutting edges 25a can be easily removed
through said recesses 24a.

In a further modified pyramidal end 13b
as shown in Figures 10 and 11, half of the
tip portion 155 is cut off diagonally so as
to give a vertical rake face 266 and a pair
of acute-angled cutting edges 255. In opera-
tion, the chips are produced mainly by said
cutting edges 256 and then can be easily
removed through the space adjacent said
rake face 26b. '

Figures 12 and 13 present a further modi-
fied pyramidal end 13c¢ having a number of
V-shaped grooves 27 formed in the sloping
sides of the tip portion 15¢ so that each of
them extends straight toward the point 14.
As an alternative to the arrangement shown,
one or more grooves may be formed in all
the sides, or only in one pair of the sides. In
this connection, it will be obvious that the
V-shaped grooves 27 may be replaced with
other adequately shaped ones. In operation,
the chips formed are easily removed
through said grooves 27, Each of the modi-

‘fied pyramidal ends 134, 136 and 13c de-

scribed above has an additional advantage
that a desired bheight of protrusion 21 is
easily obtained since the diameter of the
initial aperture 20" is actually smaller than
that seen in relation to the first embodiment
shown in Figures 1 to 5, because each of the
tip portions 15a, 156 or 15¢ is cut away in
part and because the formed chips can be
easily removed. The selection of one of
the modified tip portions 15, 15b, 15¢ may
be made in accordance with the hardness,
thickness, etc. of a sheet member to which
the sheet screw 10 is to be applied.

Figures 14 and 15 illustrate a further
modified pyramidal end 134, in which a sub-
stantially spiral groove 28 is formed in the
pyramidal outer surface of a tip portion 15d,

so that it extends from a place near the point

14 toward said base portion 17 in substan-
tially the same direction as the direction of

‘the threads 23 of the shank 12, ‘With this
.groove 28, not only can the chips be easily
Temoved thre

h said groove 282 but also
the init*~drilling can be done quite easily
since the spiral groove 28 permits the tip

Jportion 15d to start self-advancingly in the
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formed aperture 20, Consequently, a high
driving torque is not required for screwing-
in, and therefore, undesirable downward
forces on the sheet member 19 are avoided.
This spiral groove 28 may be formed in com-
bination with any of the aforementioned tip
portions 13a,--13t¥> or 13c, when desired.
Figures 16 and 17 illustrate a still further
modified pyramidal end 13e, wherein ver-
tical ‘recesses 24 are formed in each or in
just some of the pyramidal planes in posi-
tions spaced from each of said sharp ridges
16, so that the chips formed by the drilling

operation of the tip portion-15¢ are allowed .

to escape into said recesses 24e, and the in-
side wall of the protrusion 21 is prevented
being damaged. thermore, the frictional
area of the pyramidal planes can be reduced
and, as a result, a greater driving torque is
effectively delivered to the formation of
protrusion 21, S

Figure 18 illustrates a modification of the
sheet screw, in which a non-threaded cylin-
drical portion 29 is disposed between the
{breaded shank 12 and the pyramidal end
13, the diameter of said cylindrical portion
29 being equal to or less than the pitch
diameter of threads 23. In use, when said
portion 29 passes through the protrusion 21,
the latter is corrected in shape to meet the
cylindrical surface of said portion 29, so that
it is almost accurately circular in cross sec-
tion as well as being perpendicular to the
sheet member, and the screw shank 12 is-
then guided to advance into the sheet mem-

- ber correctly without inclination.

WHAT I CLAIM IS:—

1. A thread-forming sheet screw com:,
prising a screw head, a self-tapping threaded’
shank connected at its top end to said screw
head, a pyramidal or substantially pyramidal
end forming the bottom end of the screw

and terminating in a point said -pyramidal -

end having a tip portion disposed adjacent

.. said point, and a base portion disposed be-

tween said tip portion and the threaded
shank, said tip portion having a plurality
of sharp ridges extending divergently from .
said point toward said base portion, said

. base portion having a plurality of rounded

ridges with curved outer surfaces exwnding
continually from each of said sharp ridges
towards the bottom end of said threaded
shank, and said curved outer surface of'each

. of said rounded ridges becoming greater as

they approach the bottom -end ‘of said

threaded shank. - -.
2. ‘A thread-forming sheet screw -as

cliimed in Claim 1, which includes at least

il -one recess formed in said tip portion, which

recess expands. upwardly fi

. said point

along the side of one of said sharp -ridg'e,s, a

cutting edge being formed at the sharp ridge,’

ardly from’
s and a flat
cuiting edge

said cutting edge extending u
said point along the sharp ri
rake face extending from said
toward the central axis of the screw.

3. ‘A threadforming sheet screw ' as
claimed in Claim 1, wherein said tip portion
is cut away to-give a vertical surface pass-
ing through a. pair of opposite sharp ridges,

said surface being a vertical rake face, with-

a pair of acute-angled cutting edges extend-
ing upwardly from the point along each of
said pair of opposite sharp ridges.

70

75

-4." A thread-forming sheet screw as | -
claimed in Claim. 3, wherein the tip portion -

is cut away
tical cutting plane, = .
5. A thread-formin,

in half to give a diagonal ver-"
: 7. 80

> sheet screw’ as”

claimed in Claim 1, wherein at least one:

substantiglly V-shaped groove is formed in .

at. least one side of said. tip. portion,:and -

said at least one V-shaped groove.extends
straight from said point towardsaid: base
portion. . S .

6. A thread-forming ~sheet screw .as
claimed - in any prececjif%’g claim, wherein a
substantially spiral groove is formed in the
pyramidal .outer syrface-of said tip portion,
said -spiral grooyé extending from a place
near said poipt” towards said base - portion,
and said spiral groove running in the same
direction as the threads of said threaded

shank. . : C .

7. H A hread-forming sheet screw,  as
clainffed it jany one of Claims 1, 2, 3, 4 and
5, -where;

-

at least one vertical recess is

formed within at least one of the pyramidal

planes of said pyramidal end, and said ver-
tgcc:lal recess is spaced from the adjacent sharp
ricdges. . _ '

8. A thread-forming sheet screw as
claimed in any one .of the preceding claims,
wherein a non-thfeaded cylindrical portion
is disposed between said threaded shank and

85
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said pyramidal end, and the diame¥er of said -~

non-threaded cylindrical portion is equal to

or less than the pitch diameter of the threads

of said threaded shank.” = o
9. A thread-forming sheet screw substan-

Figures 1 to 7, Figures 8 and 9, Figures 10
and 11, Figures 12 and 13, Figures 14 and

*.15, Figures 16 and 17, or Figure 18 '_qf't_he

accompanying drawings.

- MARKS & CLERK, -

-~ Chartered Patent Agents, . . = .
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formed aperture 20'. Consequently, a high
driving torque is not required for screwing-
in, and therefore, undesirable downward
forces on the sheet member 19 are avoided.
This spiral groove 28 may be formed in com-
bination with any of the aforementioh&d tip
portions 13a, 13% or 13c, when desired.
Figures 16 and 17 illustrate a still further
modified pyramidal end 13e, wherein ver-
tical recesses 24 are formed in each or in
just some of the pyramidal planes in posi-
tions spaced from each of said sharp ridges
16, so that the chips formed by the drilling
operation of the tip portion 15¢ are allowed
to escape into said recesses 24e, and the in-
side wall of the protrusion 21 is prevented
being damaged. Furthermore, the frictional
area of the pyramidal planes can be reduced

and, as a result, a greater driving torque is -

effectively delivered to the formation of
protrusion 21, ‘
Figure 18 illustrates a modification of the
sheet screw, in which a non-threaded cylin-
drical portion 29 is disposed between the
threaded shank 12 and the pyramidal end
13, the diameter of said cylindrical portion
29 being equal fo or less than the pitch
diameter of threads 23. In use, when said
portion 29 passes through the protrusion 21,
the latter is corrected in shape to meet the
cylindrical surface of said portion 29, so that

it is almost accurately circular in cross sec-

tion as well as being perpendicular to the
sheet member, and the screw shank 12 is
then guided to advance into the sheet mem-
ber correctly without inclination.

WHAT I CLAIM IS:—

1. A thread-forming sheet screw com-
prising a screw head, a self-tapping threaded
shank connected at its top end to said screw
head, a pyramidal or substantially pyramidal
end forming the bottom end of the screw
and terminating in a point said pyramidal
end having a tip portion disposed adjacent
said point, and a base portion disposed be-
tween said tip portion and the threaded
shank, said tip portion having a plurality
of sharp ridges extending divergently from
said point toward said base portion, said
base portion having a plurality of rounded
ridges with curved outer surfaces ext:nding
continually from each of said sharp ridges
towards the bottom end of said threaded
shank, and said curved outer surface of each
of said rounded ridges becoming greater as
they approach the bottom end of said
threaded shank.

2. A thread-forming sheet screw as
claimed in Claim 1, which includes at least

one recess formed in said tip portion, which
recess expands upwardly w point

along the side of one of said sharp ridges, a
cutting edge being formed at the sharp ridge,
said cutting edge extending upwardly from
said point along the sharp ridge, and a flat
rake face extending from said cutting edge
toward the central axis of the screw.

3. A thread-forming sheet screw as
claimed in Claim 1, wherein said tip portion
is cut awal;i/ to give a vertical surface pass-
ing through a pair of opposite sharp ridges,
satd surface being a vertical rake face, with
a pair of acute-angled cutting edges extend-
ing upwardly from the point along each of
said pair of opposite sharp ridges.

4. A thread-forming sheet screw as
claimed in Claim 3, wherein the tip portion
is cut away in half to give a diagonal ver-

-tical cuttihg plane,

5. A thread-forming sheet screw as
claimed in Claim 1, wherein at least one
substanfilly V-shaped groove is formed in
at least one side of said tip portion, and
said at least one V-shaped groove extends
straight from said point toward said base
portion,

6. A thread-forming sheet screw as
claimed in any preceding claim, wherein a
substantially spiral groove is formed in the
pyramidal outer surface of said tip portion,
said spiral groove extending from a place
near said point towards said base portion,
and said spiral groove running in the same

“direction as the threads of said threaded

shank.

%‘IA wead-forming sheet screw, as
clainfed if any one of Claims 1, 2, 3, 4 and
5, whereh: at least one vertical recess is
formed within at least one of the pyramidal
planes of said pyramidal end, and said ver-
tical recess is spaced from the adjacent sharp
ridges. .

- 8 A thread-forming sheet screw as
claimed in any one of the preceding claims,
wherein a non-threaded cylindrical portion
is disposed between said threaded shank and
said pyramidal end, and the diamelier of said
non-threaded cylindrical portion is equal to

_or less than the pitch diameter of the threads

of said threaded shank.
9. A thread-forming sheet screw substan-

tially as herein described, with reference to-

Figures 1 to 7, Figures 8 and 9, Figures 10
and 11, Figures 12 and 13, Figures 14 and
15, Figures 16 and 17, or Figure 18 of the
accompanying drawings.
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