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RIVET ANMD METHOD OF RIVETING
Roland H. Gapp, Sanfa Ang, Calif., assicnor to Townsend
- Company, a corporation of Pennsylvania

Filed Qcf, 16, 1961, Ser. No. 145,138
4 Clazms, (CL 85-—77)

This invention relates to an improved method of rivet-
ing entirely from one side of a structure commonly re-
ferred to as “blind riveting” and to a novel rivet espe-
cially adapted for this purpose. It relates also to that class
of riveting of this type which produces a bulb type of
head on the blind side, that is to say, the side opposite
that from which the riveting is done.

Under present practice in riveting of this type it is ex-
ceedingly difficult to produce a satisfactory bulbed rivet
head on the blind side of the structure. This is especially
true of the shorter grip ranges and where greater strength
is desired. When length of grip varies, it is increasingly
difficult to form a satisfactory blind head of the bulbed
type with a given rivet length.

One method in common use comprises the “bending”
of the section of rivet protruding on the blind side. With
this method the original wall thickness of the hollow
rivet which is used remains virtuaily unchanged and it is
difficult to obtain uniform bearing of the blind head
against the blind side of the sheet. This results in poor
clamping together of the sheets.

In any riveting operation it is desirable that the rivet
shank fill the rivet hole completely. In the case of blind
riveting in order to expand the hollow rivet shank into
the hole, recourse has been had to the use of a wire-
drawable pin or to an explosive force. Both of these
have some well known disadvantages.

It is therefore a general object of my invention to
provide a new and novel rivet and method of riveting
from one side of a structrue which will produce a bulbed
rivet head on the opposite side of the siructure and which
will have superior clamping power.

It is another object of my invention to provide a rivet
and method of riveting from one side of a structure
wherein a given rivet will be equally efficient over a wide

range of thicknesses of grip.
It is still another object of my invention to provide a

blind rivet and method of riveting in which the hole-

filling action will be more efficient than any other now in
use.

It is amore specific object of my invention to provide a

blind rivet having a hole-filling action accomplished pri-

marily by axial compression of the rivet shank.

It 1s an 1mportant specific object of my invention to
provide a rivet assembly and a method of riveting from
one side only of a structure which utilizes a holiow shank
rivet, a head forming stem having as hear collar, and a
conical stem section in cooperating relationship with each
other in which the predetermined shearing strength of the
head forming shear collar 1s less than the predetermined
tensile strength of the stem.

I am aware that some changes may be made in the
general arrangements and combinations of the several de-
vices and parts, as well as in the details of the construc-
tion thereof without departing from the scope of the
present invention as set forth in the following specifica-
tion, and as defined in the hollowing claims; hence I do
not limit my invention to the exact arrangements and
combinations of the said device and paris as described
in the said specification, nor do I confine myself to the
exact details of the construction of the said parts as illus-
trated in the accompanying drawings.

With the foregoing and other objects in view, which

will be made manifest in the following detailed descrip-
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tion, reference is had to the accompanying drawings for
the illusirative embodiment of the invention, wherein:

FIG. 1 is a sectional view showing a preferred embodi-
ment of the rivet of my invention in position to commence
the actual riveting operation.

FIG. 2 is a sectional view showing the axial com-
pression at the start of the riveting 0peratlon of my In-
vention. -

FIG. 3 is a sectional view showing a later step of my
method. |

FIG. 4 is a sectional view showing yet a later step

FIG. 5 is a sectional view showing still a later step
just prior to setting of the lock ring.

FIG. 6 is a sectional view showing the appearance of
the finished rivet of my invention.

FIG. 7 1s an enlarged sectional view of the end of
the rivet stem of my invention showing a preferred ar-
rangement of the blind head former.

FIG. 8 is a special device for performing the mechan-
ical locking operation on a flat-head rivet.

FIG. 9 is a sectional view showing an alternate em-
bodiment of the rivet of my invention in position to com-
mence tne actual riveting operation.

FIG. 10 is a sectional view showing the starting of
the riveting operation of the rivet of FIG. 9.

FIGS. 11, 12, and 13 are successive steps in the op-
eration of the riveting operation of the rivet of FIG. 9.

FIG. 14 1s a sectional view of the completed riveted
joint using the rivet of FIG. 9.

In the method of my invention using the embodiment
of FIG. 1, a rivet having a convex head ¥ and hollow
cylindrical shank 2, together with stem 3 is positioned
in aligned holes 4 of the plates to be joined 5. The stem
3 may have serrations 6 and knurled grooves 7, or other
means for adapting it to a suitable riveting gun as known
in the art,

The available blind site clearance is indicated by the
space between the bottom one of the plates 5 and the
angle piece 8.

The lower or blind head-forming end of stem 3 com-
prises an integral shear ring 9, a tapered or conical sec-
tion 18, which may have an angle of 20°-27° to the axis
of the stem, a conical recess 11 the apex of which may be
a 90° angle, although this is not critical, and a shoulder

collar 12. The functions of these parts are more fully
explained below. On the stem 3 is positioned lock ring
13 and break groove 14, the functions of which are not

unlike those of the corresponding parts of other blind

rivets now known in the art.

The materials of construction of my rivet may be
varied to suit the needs of the particular application, so
long as their mechanical and physical properties as modi-
fied by heat treatment, are so . related as to insure opera-
bility of my riveting method.

Thus in one embodiment I use soft aluminum for my
shank 2 and a heat treated harder aluminum head 1
with an alloy steel stem 3 as more fully described below.

Referring now more specifically to FIG. 2, the start
of the riveting operation is shown therein. This is effected
by the action of a suitable gun and dolly (not shown) on

"the head 1 and stem 3 by which the latter is drawn

axially through the hollow rivet shank 2. 'The action of
shear collar 9 on shank 2 subjects the latter to axial
compression causing it to bulge as shown, and to start

filling the holes 4.
-~ As the relative motion between stem 3 and rivet head

1 continues, a condition shown in FIG. 3 is reached where-
in shank 2 has acquired a considerable bulge and the
holes 4 are substantially full of metal, the plates 5 being

clamped together by then.
When the operation has progressed to the point shown
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in FIG. 4, the blind end of shank 2 has been formed 1nio
a relatively large diameter bulbed blind head 15 which 1s
crushed up against the blind sheet thus providing a large
area of rivet head bearing against the sheet. The part of
shank 2 lying within holes 4 has now been expanded by
axial compression so as to solidly fill the holes 4. Shear
ring 9 has taken the position of penetraticn within head
15 formed from shank 2 as shown.

At this point reference should be had to FIG. 7 to
better understand the unusual results obtained from the
head-former of my invention positioned on rivet stem 3.
The upper face of shear collar 9 is inclined from the
horizontal at an angle of approximately 10° providing
a recess in the face and a sharp cutting edge as shown at
16 in FIG. 7. This performs a double function. It
prevents any tendency of the rivet shank end to flare out
into a tulip type head. It also acts to cut off a dough-
nut shaped ring of material comprising a washer from
the end of rivet shank 2 during the formation of bulb
head 15 as shown at 17, in FIG. 4 as more fully described
below.

This double effect of the shear collar 9 on the end of
rivet shank 2 becomes apparent from a closer study of
the steps of FIG. 2, FIG. 3 and FIG. 4. Ia FIG. 2 the
shank 2 is just commencing fto deform and the soiter
metal at the end of shank 2 has been caused to flow 1nto
the recess in the face of hard shear collar 9 provided by
the inclination of this face as shown at 16, FIG. 7. This
acts as a cup to retain the end of shank 2 and continues
to force the latter radially inward against pull stem 3 as
the latter advances. The action of the hard metal of the
collar 9 on the soft metal of shank 2 is similar to that
of a cold tube drawing operation in which the softer
metal flows out over and around a harder mandrel or
drawing element rather than being forced radially out-
ward.

As the shear collar 9 advances, the bulge 15 in shank
2 becomes larger and is forced tighter against plates 5.
This causes the sharp edge of face 16, FIG. 7 to dig into
the now greatly bulged head 15. As the collar ¢ advances
further this digging or cutting action continues and when
it has advanced a sufficient distance into the expanding
bulged head, a doughnut shaped ring will be cut out of
the interior of the head next to stem 3 by the cutting edge
of face 16.

As the stem 3 is further pulled through rivet head 1,
the shearing stress on shear collar 8 reaches a value such
that it causes shear collar 9 to shear off of the main body
of stem 3. Further movement of the stem 3 relative to
rivet head 1 causes shear collar ¢ to slide on conical
section 1§ thus further expanding and tightening bulbed
head 15. The doughnut section or washer 17 at this
point acts as a cushion or washer between the hard metal
of the stem cone if and the rivet shank 2 which aids in
uniformly transmitting and distributing the stress from the
conical section 10 to rivet shank 2, through the bulbed
head 15 and to the lower plate 5 and holes 4.

During this latter operation, another unusual effect
takes place. The metal comprising the bulbed head 15 is
caused to flow around shear ring © completely enshroud-
ing 1t and adding greatly to the effectiveness of the rivet
head 15 and increasing the strength and rigidity of the
finished joint.

In the embodiment shown in FIGS. 1 to 5 the advance-
ment of stem 3 through rivet head 1 ceases when shoulder
collar 1Z has reached a position of contact with shear
collar ©. When this occurs, break groove 14 is flush
with the top of rivet head 1. Shoulder collar 12 thus
acts as a limit on the maximum grip which may be
realized with a given rivet. It also prevents shear ring
9 from sliding off the stem in the event it became “cocked”
during the process.

Final step comprises setting of lock ring 13 and frac-
turing of stem 3 at break groove 14, the finished joint
appearing as shown in FIG. 6. During this last step the
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4
resistance provided by the cone I€¢ pulling into the ring
§ together with the resistance provided by the lock ring
13 itself must be sufficient to cause the stem 3 to frac-
ture rather than continue to pull on through rivet head 1.

All of the foregsoing description applies specifically to
installation of the rivet at or near maximum grip or thick-
ness into which the particular rivet is designed to work.
When installed at or near the minimum grip thickness
the operation is similar except that due to the thinner
orip the break groove 14 of stem 3 reaches a posttion
flush with the top of rivet head 1 without the shear collar
9 being sheared. At this time the lock ring 13 1s set
and the stem is fractured at break groove 14. The re-
sistance to pull through provided by the shear collar 9
and the lock ring 13 must be sufficient to cause the stem
3 to fracture rather than continue to pull on through the
rivet head 1.

That this will normally be the case with the short rivet
grins is obvious from the fact that less stress will be re-
quired to expand the rivet shank 2 and form the head 13
when the length of grip approaches the minimum.

The condition of the rivet at the completion of the
short grip operation will be similar to that shown in FIG.
4 and FIG. 12. The head 15 will be substantially formed
as will the washer 17. The effect of cone 10 going
through shear collar $ will, of course, not be realized, but
it will not be needed since with the shorter grips an ade-
quate joint will be formed in accordance with the basic
principles of this invention without having to rely on the
latter. In the short grip cases also the function of shoulder
collar 12 is unimportant since that is performed by the
shear coliar 9. 'The embodiment shown in FIG. 9 may
therefore be used. The operation of this embodiment is
described below.

The features which combine to prevent stem pull
through are especially significant in the alternate em-
bodiment of my invention shown in FIGS. 9 to 14 inclu-
sive, in which like parts bear like numbers. The essen-
tial difference in this embodiment is that there is no maxi-
mum grip limitng shoulder collar shown at 12 on the
previous figure. | |

The foregoing description of my method therefore holds
equally for the alternate embodiment, steps of FIG. 9 to
F1G, 12, FIG. 13 however, differs from FIG. 5 in that
no rchance 1s placed upon a shoulder collar 12 but
reliance 1s had on the combined action of shear ring 9
and conical section I to prevent the stem from pulling
through rather than having it fracture when the break
groove 14 i1s substantially flush with the top of rivet
head 1.

For this to happen, of course, there must be a proper
coordination of the physical properties of the materials
used with the dimensions of the parts as indicated above.
Thus, the compressive strength of the major portion of
the rivet shank 2 relative to the shear value of the shear
ring 9 must be such that material flow is initiated and a
full and complete blind head 15 is formed against the
blind side sheet in all material grips, before the ring 9
shears.

The breaking strength of the stem 3 at break groove 14
must be such that under all normal installation condi-
tions the locking groove which receives lock ring 13 is
pulied to the correct position to receive the lock ring.
The tensile yield strength of the stem 3 material must be
such that no permanent set is produced by a load equal
to the breaking strength of the stem 3 at break groove 14.
For example, the major portion of the rivet shank 2
may be of an aluminum alloy of 22,000 p.s.i. tensile
yield strength, and 42,000 p.s.i. tensile ultimate strength,
and the stem 3 may be made of an alloy steel having a
tensile yield strength of approximately 190,000 p.s.i. and
a tensile ultimate strength of approximately 220,000

p.S.1.
The hardness of the manufactured or preformed rivet
head 1 must be sufficiently higher than the rivet shank
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2 so that distortion of the rivet head under the compres-
sion load apphied during installation is limited to a satis-
factory degree as noted beiow. If this is not provided
for, then the recess in the rivet head 1 which receives
lock ring 13 may become cup-shaped or the rivet shank
2 may move relative to the rivet head 1 in such a way
as to shear the rivet head 1 completely from the rivet
shank., Moreover, if the lock ring 13 is too hard and
lacking 1n ductility relative to the rivet, it will not swage
into the required cone shape but will merely dig into the
rivet head 1 and distort it. On the other hand, if the

collar 1s too soft and ductile relative to the rivet, it will

either altogether fail to penetrate the cavity between the
rivet 1 and stem 3 or it may not satisfactorily resist the
tendency of the stem 3 to continue to pull through the
rivet 1 after installation is complete. These problems I
may solve by giving a heat treatment to the rivet head 1
which renders it much harder than the major portion of
rivet shank 2.

I may solve these problems also by using a flat pre-
formed rivet head 21 and the special installation tool 22
of FFIG. 8. In this embodiment my riveting tool head 23
13 equipped with a flush button or backer 24 which bears
down upon the flat head of rivet 21 supplying the react-
ing force during the pulling of the stem. Simultaneously
the lock ring anvil 25 bears against lock ring 26. As
the rivet stem (not shown in FIG. 8) advances, the re-
action of the force on the rivet shank is taken by flush
button 24 pressing against the flat rivet head 21 while
lock ring anvil 25 holds lock ring 26 in its proper posi-
tion in the conical recess between the rivet stem (not
shown i1n FIG. 8) and the flat rivet head 21. Unwanted
distortion is thus prevented and upon completion of the
pulling operation, the lock ring 26 may be properly set.

The protruding portion 27 of the material in the rivet
bore adjacent the head 1 of the rivet protrudes into an
adjacent reduced stem section on the stem 3, as shown
on FIGS. 5, 6, 13 and 14. These protrusions are caused
by axial flow of material from the inside bore of the rivet
shank as a result of pulling the lower portion of the stem
3 into the bore of the shank 2. Shank 2 is subjected to
axial compression causing it to bulge and start to fill the
hole 4. This hole filling or shank wall thickening causes
some metal to flow into the reduced stem section imme-
diately below the break groove 14. The pulling of the
lower end of the stem 3 through the shank 2 tends to
roll a wave of material ahead of it which comes to rest
at the rivet head 1, as shown.

I claim;

1. A rivet assembly of the class adapted for riveting
from one side only of a structure, said assembly com-

prising; a hollow shank rivet with preformed head on
one end, a stem slidably mounted in said hollow shank
rivet, a head-former positioned on the tail end of said
stem, said head-former comprising; a concentric shear
collar positioned against the tail end of said shank with
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the face of said collar adjacent the shank being inclined
toward said shank at an angle substantially less than 90°
with the stem axis, said face defining a concave recess
facing said preformed head and having a sharp-edged
outer periphery, a conical stem section the smallest di-
ameter of said conical section being positioned against
sald shear collar, the junction of said shear collar and
said conical stem section providing a minimum Cross

sectional area whereby said collar will shear at said

junction the diameter of said conical section being uni-
formly increased in a direction toward the tail end of
said stem and having a shoulder collar positioned at and
contiguous with the greatest diameter of said conical sec-
tion, said shear collar having a predetermined shearing
strength Iower than the predetermined tensile strength of
said stem, means for engaging an axial force on said
siem whereby a bulbed head is formed on said shank,
means for locking said stem to said shank.

2. A rivet assembly of the class adapted for riveting
from one side only of a structure, said assembly compris-
ing; a hollow shank rivet with preformed head on one
end, a stem slidably mounted in said hollow shank rivet, a
head-former positioned on the tail end of said stem, said
head-former comprising; a concentric shear collar posi-
tioned against the tail end of said shank with the face

- of said collar adjacent the shank being inclined toward
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sald shank at an angle substantially less than 90° with
the stem axis, said face defining a concave recess facing
said preformed head and having a sharp-edged outer
periphery, a stem section extended away from said shank
bevond the said shear collar, said stem section being grad-
ually increased from its junction with said shear collar
toward the tail end of said stem, the junction of said
shear collar and said stem section providing a minimum
cross sectional area whereby said collar will shear at said
junction, a shoulder collar positioned at the greatest di-
ameter of said stem section, said shear collar having a
predetermined shearing strength lower than the predeter-
mined tensile strength of said stem, means for engaging
an axial force on said stem whereby a bulbed head is
formed on said shank, and means for locking said stem
to said shank. "

3. The rivet assembly of claim 2 in which the outer
circumference of said concave recess of said collar is
formed into a cutting edge for shearing a circular section
from said shank during the formation of said head on
said shank. |

4. The rivet assembly of claim 2 in which the tail end
of said stem has a generally conical axial recess therein.
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