3,101,859

R. L. STOECKER
RIVETING BY ELECTRIC DISCHARGE

Aug. 27, 1963

o O o I~ |
IP0SER B0 e o« %
‘i ) & LW o,
. 0 A N 0 “ﬂf { mw S
m NUS ) o 3 ) m“r” 7 V 80 )
= e 1R —— A ...u.!ﬂlil.ﬂ.Fﬂ. __.T,xz o - |
I R - SR P RGRRESRTY 57 )
I O N 2 SN S Y
& — Wl 2 ¥ I N\ LN S . 3
N \ \
o o L Y W_
N
q W
(o
- X V
N L _ u
)
0 A
F iy
N
g
0
1 Al
D _ —
S ¥ |
- ¥ \ 2 : —
p- O X \ &7 BN\ Y
1.” o — AWV ff - ulirw.malhlﬂw ..,....t.."_ Wﬂs\‘.\\\,\\\‘\\\“‘\*\\\k] .
bg i L. B~ Ol BB qs M -
3 e\ N2 ® \ : " )
- NN “mma_?‘ O 0 o
k =L ~ .
(. d..lﬁm. ...5.....@ ' S 2 2 8 o¥F =n M ©



R. L. STOECKER
RIVETING BY ELECTRIC DISCHARGE

Aug. 27, 1963

3,101,859

2 Sheets—Sheet 2

Filed Aug. 15, 1961

3

Oof "©l14
€6

9
OL
L)t e 6 ,__mm _

?..ff...ﬂf"’i’f‘r’"’.‘”’.’"’*!"’.”.’.ﬂ LN SN Ny S N
T

X A NP PP P PO IPINIPIL

CARMARVNRNRL RNV R LWL LN N VLN f,.......rf.ff
ve //r.f.f‘r..r..r NS AC AUV AURCNAR NN NN NN NN

._f ’.
1\,,\_“1\‘\.“*“:“\\&*\\\ y 4 \\\\\\\L—

\\\\\w

<l

INVENTOR.

ROBERT L. STOECKER

f’f”!””ff”f’g
.\1 F F ..\_. .l__. y Y 4 .L
“ Ly by

At it irirhiittiiinhuy Attt dihlAadtiitth :dtih:hiTitit-hhmtihtTihiitTtataThThahavshh e f’..'.,f,fflnlww.ﬂl
NN VI ITIGIIIITIIII IS “-../
9L 758 VAR €4 w02 72 €
WA fele]

98 “LS

A cc \

- 32¥N0S

JOVLI0A
"0°'d

1G

. . oL
- e ”
l ?””"”a“’f”""'

St ——— 0P OIL4 ;\g\;\;\u\;\u\y\y\;\u\n.
/\—’,——’—’a //f TRIRNNLR NSNS
e= A q,yy::,\rllivvvvv,,wkal.»»vvvv?ii»y

AEW XN EET PNV NETEE
TR 2 AT AR M. f,t.rfdarﬁr&r

(O _.‘ N XX 7 A
_

co
€8 2L

»a 5o | Lo

9. - }
98 €L (g

(c’,enz'



United States Patent Office

| 31@1 359 o "
- RIVETING BY ELE*C’EMC DX SCHARGE
Robert L. Steecker, Fiorham Park, N.J., assign

Reduction Company, incorporat esﬂ New Ymk “’*‘%I Y., 0
corperation of New York

Filed Aug. 15, 1961, Ser. N@ 131, 619
14 Cﬁﬁnmu. (CH 2'98—“29)_ |

This 1rive11t1tjn relatés to rive'ting by electric discharge.
It is especially concerned with improved methods and
apparatus useful in blind r1vet111g—~1 e., the ziveting of

3 1@3 &39

?atented Aug. 27, 1963

. Other and allied objects will appear from the foum-'

ing description and the appended claims.
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work of which one surface is eLpGSﬂd but the other is

concealed or is at least inaccessible. - This application is

a continuation-in-part of my prior and copending appli-

cation Serial No. 71,324, filed November 23, 1960.

Various methods of blind rtiveting, utilizing rivets of

generally cup-like form, have heretofore been proposed.
In one method there is placed at the inner extremity of -
the rivet cavity a charge of. explﬁswe which, after the
- rivet is seated in its aper ture in the work to be riveted,
1s suitably prommd into explosion—. e:, the violent

~ chemical reaction which gives that class of substance: its

name—to expand the inner portion of the tivet. = In

another method there is introduced into the rivet cawty |

an electrode which will
~an electric current suf

carry to the far end of the rivet
qcient to melt that end region and

thus to permit its material to flow into a new and pre-

- sumably transversely enlarged configuration.
- other methods are purely mechanical ones.

Amrmcr still

Each of these proposed methods, however, has Imvelved,

For ex-
ample, the method involving explosives suffers from the

some  sericus’ disadvantage or ldLsadvantages

In practicing the methods and in utilizing the means

according to my invention 1 make use of the pressure
“developed, within matter inert as to chemical explosion,

by the disruption thereof occasioned by effecting the

abrupt discharge of a quantity of electricity thevethrough.
Typically and preferredly the discharge will be the dis-
charge of an electrical capacitor previously charged to
a voltage more than sufficient to effect the electric break-
down of that matter. Typically the .dlscharge 1S an arc

- dlscharge

There is of course already known the bmad concept

" of metal deformation by discharge of a charged electrical
15

capacitor. I have found, however, that in the setting of
rivets this broad method of metal deformation produces
unexpected advantageous results, beside affording excep-
tional mmphmﬁes And my invention of course further

 involves various more specific features not at all contem-

20

plated or disclosed by the capacitor-discharge metal-

~«deformation art of which 1 am aware.

25
“and partly in elevation, illustrating an elementary manner

In the description of my invention hereinafter set forth
reference is made to the .acoomp-zmy*ing =drraFWi1:1:g, in
which: | -

FIGURE 1 is a vww partly in vertical cross-section

~ - of practicing my invention;

FIGURE 2 i1s a cross- sectloﬁal view of the rivet of

: -HFIGURE 1 after its ha.vmg been set;

- FIGURE 3 is a view, partly in wvertical cross-section
a,nd partly in elevation, illustrating an clementary al-. |

" ternative manner of practicing my invention;

obvious disadvantage of hazard, not merely as to each -

of the individual rivets but also as to their collective
storage and transport. In the melting methad there is

- the difficulty of lcolltml over the direction of flow of the
melted material.

cant clamping or binding pressure on the work longi-
tudinal of the rivef.

and so on.

It is an ot}ject of my invention to provide a mebhod" '
of riveting, which may be blind riveting, which is free
of the hazard inherently present in the use of exploswes |

It is an object to provide a method which imposes no
need for special measures to control the direction of flow
of material. It is an object to provide a. method by the
use of which there is developed a final large clamping or
bmdmg pressure, longitudinal of the rivet, on the work.
Tt is an object to provide a method which, practlceablle in

an elementary manner essentially without any apparatus
at all, also lends itself to a highly efficient manner of

PI'QCUCU with a simple, smgle and permanent tool.

FIGURE 4 is an enlarged elevational view of the end'
of the rivet, taken along the line 4—4 of FIGURE 3;
FIGURE 5 is a cross-sectional view of the rivet of .

PIGURE 3 after its having been set;
In both the melting and various me- =
‘chanical methods there is the unlikelihood of final sagmﬁ--

FIGURE 6 is an enlarged elevational view of the end

-_"fof the set rivet, taken along the line 6—6 of FIGURE 5;

In some mechanical methods rthere:__'_éo
is required the use for each rivet of a new tool which

will- be rdestroyed in the process of nsettmﬂ that mret-—-_

45

FIGURE 7 is a cross- se:ctmnal view of a tool whmh
may be used for the more efficient practice of my inven-
tion in one manner, the tool being in position close to but
still out of contact with the rivet to be set, together with

- a schematic diagram of the power supply to whlch that
tool may be connected;

FIGURE 8'is a view sumlar in nature to part of FIG-

" URE 7 but ﬂlustratmg the tool and rlvet mmediately

after the latter has been set;
FIGURE 9 1S .a Cross- sectmnal view of a tool or gun

5 0_'—..Wh1{:h may be used for the more efficient practice of my

invention in an alternative manner, the gun being in posi-

. tion close to but still out of contact w1th the rivet to be

- set, together with a schematic diagrax

, of Lhe power sup-

 ply to which that gun may be connected;

09

It is an object to provide a method of rwetmg, pei‘--_ |

IHISSIbIY blind riveting, by the use of which there is de-

veloped not only a final large binding pressure longitu-
dinal of the rivet on the work, but also a highly advan-

tageous final substantial pressure of the wall of the rivet

against confines of the apertura in whlch the rivet has
been set. |

It is a 'general object to prowde a simple, mexpenswe
and otherwise improved method of riveting..

It is an object to provide a simple and otherwise im-
B proved means for deforming a rivet into hlghly effective

- relationship to work, of which one faoe |
or inaccessible.

It is another ob]ect to provide a simple, mexp ensive

_iay be concealed )

- FIGURE 10 is a view similar in nature. to part of
FIGURE 9 but illustrating the gun and rivet 1mmedzately

“after the latter has been set; and

TFIGURE 11 is a cross-sectional view of a rivet gen-

~erally similar to that of FIGURE 9 but illustrating a
60

modification of my mventmn in respect to +tha Ioadmg

~ of the rivet.

65

A typical rivet Wlth wh1~ch my mventmn may be prac-
ticed appears as 18 in FIGURE 1. It may be considered
as generally cup-shaped, having the relatively thin side
wall 12, a “bottom” (in cup terms) end 1%, a flare or
flange 13 at the “upper” end, and a cavity 14. In FIG-
URE 1 the rivet is illustrated as having been already

" seated in an aperture 3 in work which may for example

 comprise inner and outer vertically disposed flat sheets,

70

and otherwise improved rivet adapted to be blindly set -

into hlcrhly gffective :relatl.onshlp to. suloh work

- gether—the rivet, however, not yet being set (i.e

1 and 2 respectively, of metal which are to be riveted to-
., €X-

. panded into final binding relationship to the work) in that
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aperture. The rivet and its cavity are elongated (rela- -

tive to most typical cup proportions) so that when the
rivet is seated (i.e., when its flare 13 rests against the
exposed face 6 of the work) the cavity 14 extends sub-
stantially beyond the inner or concealed face 5 of the
work. ‘The rivet will be of electrically conductive mate-
rial having good ductility or at least exhibiting that char-
acteristic under the impulsive action described below.
It may be appropriate here to stress that there is in-
tended no limitation of the flare of the rivet to a flat
flange such as shown in FIGURE 1. Thus by way of
alternative example FIGURE 3 (the showing of which
1s hereinatter detailedly discussed) shows a different form
of flare in a rivet which of course may still be character-
ized as generally cup-shaped. The priamry function of
the flare, of whatever form, is of course the provision on
the rivet of a shoulder or equivalent surface which will
finally exert an inward force on the exposed face § of
the work in opposition to an outward force to be exerted
on the concealed face 5 as will be hereinafter described.
Indeed, it is to be understood generally that the rivet may
be aitered within wide limits in respect of shape, propor-
tions, etc. without defeating the applicability of my inven-
tion to the task of setting it. |
The setting of the rivet by electrical-capacitor dis-
charge in accordance with my invention contemplates
the presence within the rivet cavity 14 of matter of some
kind, inert as to chemical explosion but susceptible of
electric disruption—and, preferably, of which undisrupted
portions will serve effectively to transmit to the cavity
wall pressure developed by the disruption. If the cavity
be open at its outer end, as is true of the rivets above
described, the cavity in the absence of special measures
will Initially contain air, and this is within the broad
range of cavity contents which can be used in the prac-
tice of my invention. It is, however, true that the electric

disruption of air requires relatively high voltages; it i1s

furthermore true that the pressure-transmitting effective-

ness of the undisrupted portions of an air cavity content

is not as great as that characterizing some other forms

of matter. Choice of preferred matter for presence in.
the cavity is more fully discussed near the end of this

description; it will here be convenient to mention, as a
simple initial example of preferred cavity contents, a
loading of wax—of viscosity such that it is capable of
being displaced under relatively light pressure but in the
avsence of pressure will remain in its position throughout
various orientations of the rivet—into which has been
mixed a quantity of common salt (NaCl) to lower its

dielectric strength appropriately.

In carrying out my invention as Contemplated in the

- illustration of FIGURE 1, a loading 15 of matter such
as just described may be inserted into the cavity 14, ini-
tially almost but not necessarily completely filling the
cavity, The insertion of the loading into the cavity is
usually most conveniently carried out before the seating
of the rivet in the aperture 3, though it may if desired be
performed thereafter. | |

With the rivet resting in seated position in the aper-

ture, 1 eifect between points within the rivet an abrupt
electric discharge through the cavity contents disposed
between those points, disrupting such contents along the
line taken by the discharge. Conveniently and desirably,
though not indispensably, one of those points may be
some point on the bounding surface of the cavity, and
this is contemplated in the showing of FIGURE 1—the
discharge therein being effected with the aid of a simple
clectrode introduced into the cavity, preferably approxi-
mately centrally thereof, to the other of the two points
first mentioned above. Thus FIGURE 1 shows an elec-
trede 20 in the form of a hard straight wire, for example
of tungsten, of which the lefthand end portion is sur-
rounded by a sheath 19 of insulation starting just to the
right of the very extremity of the electrode: this lefthand

end portion may be introduced approximately centrally

10

15

20

_ . 4
oi. the cavity to a point 16 therein which lies preferably
within but relatively near the inner limit of the aperture
3 in the work. In the case of the loaded rivet of FIG-
URE 1 the introduction of the electrode may displace
some of the material of the loading 15, and even though
the cavity was not initially quite filled by the loading it
may be assumed to be substantially filled after the intro-
duction of the electrode. |

'The work of the rivet deformation to be performed by
the discharge is of course inherently limited in magni-
tude, and furthermore its effective performance depends
on initial abruptness of the discharge; it is accomplished
in an extremely minute interval of time. It is therefore
wholly unnecessary—and for obvious practical reasons
of preservation of the rivet and work against destruction,
safety to the operator, conservation of power consump-
ticn and the like it is altogether undesirable—that the
discharge persist for any extended period of time. It is
accordingly desirable that the quantity of electricity dis-
charged be a pre-established quantity only—such as that

~ stored in an electrical capacitor previously charged to a

30

40

suitably selected voltage.

Accordingly in FIGURE 1 the other (righthand) end
of the electrode 29 is shown as being in slight spaced
relation to and above the lefthand lug 21 of a capacitor
23, of which the righthand lug 22 is connected to the rivet
(for example through conductor 24 to the work portion
2 and through the latter to the rivet). The capacitor
will have been charged to a voltage more than sufficient,
when applied between the point 16 and rivet 19, to effect
the electrical breakdown of the loading 15. Thus to
effect the discharge, after having manipulated the elec-
trode to the position in which it is illustrated in FIGURE
1, it is mecessary only to lower its righthand end into
contact with the lug 21. A generally cylindrical block
k& of insulating material secured about the electrode ig
shown as a finger piece by which the electrode may be
manipulated in these manners. +

The arc discharge effected as a result of bringing the
electrode into contact with the lug 21 is an arc which
disrupts the material of the loading 15 along the line

- taken therethrough by the discharge; under the circum-

45

50

60

stances 1illustrated in FIGURE 1 this line will be from

the exposed lefthand tip end of the electrode 29 to some
point on the side surface of the cavity (i.e., on the inner
surface of the rivet wall 12) generally opposite that tip
end. This disruption creates within the affected portion
of the material an extremely sudden burst of energy, the
expansive force of which is transmitted through the re-
maining portion of the material-—and through any other
matter which may be present in the cavity—to the en-
tirety of the bounding surface of the cavity.

It is true that as shown in FIGURE 1 that bounding
surface is discontinuous—i.e., the cavity is to a considera-
ble extent open—at the outer end; the expansive force
is so strong and abrupt, however, that it does its work on
the various areas of the cavity surface with relatively
little wasteful dissipation outwardly through the opening
afforded at the outer end of the rivet. It is further true
that the path of the discharge is not symmetrically posi-
tioned within the cavity, either longitudinally (which, of
course, 1t cannot be, in view among other things of the
inherent dissimilarity of the inner and outer end portions

- of the cavity) or even transversely (since it will occur to

65

70

75

some one peripheral point or region on the side surface):
I have, however, observed that notwithstanding these facts
the effect of the energy burst is not only a highly useful
one for its purpose in its longitudinal-distribution aspect,
but also in its transverse-distribution aspect is remarkably
close to symmetrical about the rivet axis.

There are some indications that the expansive force

- may consist of two components: the first, a high-intensity

shock wave representing a tremendous compression of an
extremely rapidly widening but always thin “shell” within
the material; the second, an also tremendous, but relative-
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ly general and not thin- shel]ed compression of the mate-

rial outwardly against the boundary of the cavity. What-

ever its precme nature may be, however, I have found that

the exnansive force generated as above described has
served——as illustrated in FIGURE 2-—both to create in the
wall of the rivet a bulge 17 which exerts a lﬂngnudmal

force component as well as a transverse one on the inner

rim 4 of the aperture, and ?furher to expand the wall of the
~ rivet within the aperture 3 into a state of pressure against
confines of the aperture——-—e g., against the periphery of
the aperture in the inner portion 1 of the work and in
part of the outer portion 2. I have further found that the

force components exerted by the bulge on the rim 4, and
the state of pressure of the expanded wall against confines

~of the aperture, are continuing phenomena

- The inner rim 4 of the aperture is effectively a part
of the inner face 5 of the work as well as being a part
of the aperture 3, and accordingly the effect of the longi-
tudinal force component thereon is to exert an outward
pressure on the inner face § in opposition to the inward

10

15

20

force exerted on the exposed face 6 by the flare 23 of -
the rivet—i.e., to effect a clamping of the work between

the bulge and the flare. The effects of the transverse

force component on the rim 4 are to preclude the rivet

from “working” laterally within the aperture, and to
minimize tendencies of the two portions of the work
to “creep” transversely (i.e.,
their faces) relatively to each other. _
the transverse force component on the rim is aided by the
expansion of the rivet wall into a state of pressure against
confines of the aperture, which expansion and state of
pressure in this case extend to be effective on those con-

25

in a direction paralle] to
In these functions

30

fines to a substantial longitudinal extent within the outer

workpiece 2 as well as thronghout the inner workpiece 1.
In the method above described with reference to FIG-
URES 1-2 the arc discharge is brought about by suddenly

applying a suitable electric charge to an already positioned

FIGURES 3-6

electrode. illustrate an alternative

method of bringing about the discharge. They also illus-

trate the use of a rivet altered from that of FIGURES
1-2 in respect of the continuity of its inner end portion
and in the nature of the bulge which will be produced by

- the discharge—and, for the primary purpose of showing

40

the independence of my invention from spac:]ﬁc :rlvet

shapes a different form of rivet fiare.
Thus the rivet of these figures, designated as 10/, may

have a flare in the form of truncatedly conical ﬂange |

13’ (for the receiving of which the exposed face 6 of the
work will desirably be conically countersunk around the
aperture, as indicated at 6¢’). The more basic alteration
of the rivet 18’ from the rivet 1@ of earlier figures is
effected by the making of a4 number (for example, three)
of very thin (for example, several milg thick only) longi-
tudinal cuts through the rivet, preferably in planes each
containing the rivet axis, from the inner end of the rivet
for a distance outwardly, preferably to limits which when
the rivet is seated will lic within the aperture 3 but rela-
tively near its inner extremity; the effect of the making
of these cufs is to create within the rivet wall and 1nner
end a double number of slits 9 converging at the center
of that inner end, as best seen in FIGURE 4, though leav-
ing the inner end of the rivet and of its cavity still sub-
stantially closed and well proofed against loss of the load-
ing therethrough. -
~ In conformity both with the now-less-resistive rivet
structure and with the altered method to be used in bring-
- ing about the arc discharge the loading of the rivet, which
may, for example, be with the same material as in the
case of FIGURES 1-2 but is now designated at 15', may

be confined to a region of the cavity adjacent the inner

end—for example, from the inner end for wa distance
somewhat less than the diameter of the cavity. As before
there will be employed the capacitor 23, again charged to
a voltage more than sufficient when applied between a
point in the loading and the rivet to effect the electrical

s

o0

29

60
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| G |
breakdown of the loading, and against having its righthand
lug 22 connected to the rivet as by th;., conductor 24 and
the cuter work portion 2. -
In this case, however, before the introduction of

 the electrode into the cavity, or at least before its left-

hand end comes into proximity with the loading 157, its

righthand end will have been brought into and there-
after maintained in contact with the lefthand lug 21 of

the charged capacitor. While this contact is still being
maintained the electrode. will be moved progressively
leftwardly, preferably substantially centered transversely

~of the cavity, FIGURE 3 illustrating the electrode .at an

intermediate position in the course of this movement.
When the lefthand end of the electrode has reached at
least the very «close vicinity of the loading 15" (the exact
point depending on various parameters including the di-
electric constant of the loading material) there will
occur an gdbrupt discharge from the tip of the electrode
to and through the loading—in this case to some point
or region on the end surface of the cavity.

- Again the discharge is an arc the effect of which is
to disrupt the material of the loading along the line taken
therethrough by the discharge, though that line has been
seen to be specifically repositioned from that taken
through the material of earlier figures. * Again the disrup-
tion creates within the material an extremely sudden burst
of energy, the expansive force 'of which is transmitted
through the material. In this case, however, because of
the limitation of quantity of the loading and because of
the presence of the slits 9, the efiect of that force will be
principally confined to the several “jaws” 8 which have
been formed by and between the slits 9.

"The typical effect of the expansive force on the rivet
10’ is illustrated in FIGURES 5 and 6. As seen therein,

- that force has served to rock each of the jaws 8 away

from the rivet axis, generally in the manner iof causing
each of them to pivot first about a bending region 7 at the

outward extremity of the slits 8, and then to pivot further

about the inner rim 4 of the aperfure 3. The main part
of each of the jaws 8 is of course a part of the rivet
wall 12, and thus again it may be considered that in the
rivet wall there has been created a bulge—though of
course in this case the bulge is not reentrant to the
original rivet configuration, and: is peripherally inter-

rupted by the now-triangularly-widened slits 9. Again
the bulge exerts a longitudinal force component as well
as a transverse one on the mner rim 4 of the aper-
ture—through the further action, of earlier figures, of
expanding the wall of the rivet within the aperture (i.e.,

-substantially outwardly of the rim 4) is not usually per-
formed to a very appreciable extent—and again those

force components on the rim 4 are continuing phenomena.

t may be mentioned that the failure to effect any ex-
pansion at all, at a rim or otherwise, of the FIGURE 3
rivet ‘within the portion 2 part of the aperture 3 1s effec-
tively substituted for, in preventing rivet “working” and
work-portion “creeping,” by the truncatedly conical flare
13 and its seating against the corresponding counter-
sinking at 6" of the exposed face of the work. |
From the figures (2, 5 and 6, as well as others not
yet described) illustrating the loaded rivet after it has
been set in the work by the discharge there has been
omitted any showing of remnant material of the loading
(15 or 15’). 'This has been purely for simplicity of il-.

lustration, and dis not to be taken as implying that there

will not be remnant material. There will be, since the
breakdown wiil have consumed or altered the state of
only a modest porticn of the loading, the rest of which
will have served the function of pressure transmission
and may be harmlessly and vwnimportantly left within the
rivet cavity (FIGURE 2) or at least partially adhering
to the inner surfaces of the jaws 8 (FIGURES 5-6).
While the general method of my invention may In-
deed be carried out in various manners, such as those
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described above, without the aid of apparatus specially
adapted thereto, nevertheless its practice can by the use
of such apparatus be made more facile, safer for the op-
erator, and more efficient. In FIGURES 7-8 and in
FIGURES 9-10 I have shown two embodiments of such
apparatus, and these may now be described.

Attention is first mvited to FIGURES 7 and 8.
Herein the rivet has the fully closed inner end of the
FIGURE 1 rivet 10 yet, by way purely of example, has
the truncatedly conical flare 13’ of the FIGURE 3 rivet
1¢’; it 1s designated as 189, and may, of course, be ini-
tially seated in the aperture 3 in the work 1—2 just like
the rivet 10” of FIGURE 3. It may be provided with an
almost-full loading 15 of material, quite analogously to
the rivet 10 of FIGURE 1. In these figures the appara-
tus specially adapted to the practice of my invention com-
prises a tool, designated generally as 39, which may be
manipulated in the vicinity of the rivet; a relatively sta-
tionary power supply, designated generally as 50: and
suitable cabling interconnecting that tool and that power
supply. The functions of the tool, beside effecting an
essentially complete closing of the rivet cavity, are those
of aptly positioning the electrode both transversely and
longitudinally of the cavity, and of controlling the sup-
ply of energy to the electrode; the tool may be most con-
veniently described starting with the electrode, which is
centrally contained therein.

The electrode, designated as 2¢’, may again typically
be of material such as tungsten. It is surrcunded by
and secured in a relatively thick sleeve 31 of insulating
material, which in turn is surrounded by and secured
in a metallic jacket 33. The outer (lower-shown) end
of the electrode projects below the outer end of the jacket
33 by just the distance by which the electrode is to pene-
trate into the cavity 14 of the rivet; this is desirably a
distance such that when the jacket 33 is brought into con-
tact with the outer face of the rivet, the tip of the elec-
trode will have been brought to a point within the cavity
which Iies within but relatively near the inner limit of
the aperture 3 in the work. Immediately adjacent the
jacket 33 the outer end of the sleeve 31 imay be slightly
inset, so as to insure that it will not interfere with inti-
mate contact of the jacket 33 with the rivet; in its cen-
tral portion, however, the sleeve 31 is provided with an
outward extension 32 about the electrode, of diameter
just freely to fit within the cavity 3. The outward ex-
tent of this extension is desirably such as to bring its
extremity, when the jacket 33 is brought into contact
with the rivet face, only partially within the work-por-
tion 2 part of the aperture 3—i.e., to leave free of insula-
tion the major part of the longitudinal extent of the cavity
which lies within the entire aperture 3 of the work. The
inner extremities of the jacket 33 and sleeve 31 may be
substantially in alignment with each other, but the in-
ner extremity of the electrode Z& will extend slightly
beyond that of the sleeve.

In its longitudinally central region the jacket 33 may
be provided with an enlarged-diameter portion 35, and
inwardly ‘beyond that portion it may be provided with
external threading 37. Onto this threading, though not
fully into abutment :against the shoulder 36 formed at
the inward extremity of the central portion 35, may be
screwed an internally threaded metallic cap 40, the cen-
tral portion of which is formed into a reduced-diameter
extension 38 directed away from the electrode, jacket
and sleeve. In the space between the latter and the main
part of the cap, and lying against the shoulder 39 of
the cap formed between its threading and the cap ex-
tension 38, there may be positioned a disc 41 of insulat-
ing material; through this disc there may project toward
the electrode the extremity 59 of a cable conductor 69
hereinafter more fully referred to—that extremity being
for example folded over against the disc, and being held
in tight contact with the mner end of the electrode when
the cap is screwed in place on the jacket.
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The portions of the tool 38 thus far described will be
recognized as not only a cavity-closing and electrode-
positioning means, but as also a means for detachably
securing the electrode in electrically connected relation-
ship to the cable conductor 60. The other ex{remity
cof the cable conductor 68 lies in the power supply 5%;
there it serves to connect (subject to a control herein-
after described) the electrode with one terminal 21" of
a capacitor 23°, of which the other terminal 22’ is con-
nectible to the rivet in manner described below.

In the power supply there is comprised a D.C. source 51
of appropriately high voltage for charging the capacitor
23’, the grounded (or groundable) terminal 52 of the
voltage source being connected to the capacitor terminal
22’, and the high-voltage terminal 54 of the source being
connected to the capacitor terminal 21’ through the charg-
ing resistor 55. It will be understood that the source will
keep the capacitor charged through the resistor at all
times excepting through each minute interval during which
the capacitor is being discharged through the cable con-
ductor 60 and through a brief recovery period (whose
duration 1s, of course, established by choice of the value
of the resistor) immediately following each such dis-
charge. |

For the purposes of my invention the effectiveness of
the arc discharge of the charged capacitor is a function
not only of the energy content of the charged capacitor,
but also of the abruptness with which that energy is re-
leased through the discharge—i.e., the shortness of the
period of time within which the discharge will be sub-
stantially completely effected. That abruptness is mili-
tated against the resistance, and even more by any in-
ductance, effectively present in the series circuit through
which the discharge occurs. It is true that the resistance
effectively present in that circuit is usually most impor-
tantly contributed to by the effective resistance of the
path of the arc proper, so that more than ordinary meas-
ures to reduce the resistance of conductor portions of
that circuit are not called for. There exists, however,
1o such pragmatic limitation on the worth of minimizing
to the greatest extent possible the effective inductance.

BHven small values of effective inductance, although
aliowing the discharge to remain aperiodic as it should
be, nevertheless lengthen the duration of its single pulse,
while higher values not only lengthen that pulse further
but when great enough render the discharge oscillatory—
1.e., cause some of the energy to be withheld from the
already-slowed initial pulse and to be released only in

- successive pulses of alternating directions—all to the se-

rious detriment of the desired abruptness. In the pre-
ferred practice of my invention I minimize the inductance
as much as possible—with a high preference, at least to
the point of insuring aperiodicity of the discharge, and

- very desirably as much further as can be practically
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achieved.

This minimization may be accomplished by employing
for the circuit from the capacitor to the electrode and
rivet—or, stated reversely, for the circuit from electrode
to rivet via the capacitcr—a pair of coaxial conductors.
Accordingly, in FIGURE 7 I have shown the conductor
60, leading from electrode to capacitor terminal 21, as
forming the inner one of a pair of such conductors, of
which the outer one is a tubularly formed conductor 61—
the space tetween the conductors being filled with any
suitable insulation 63. To preserve the coaxiality of
the circuit right to the electrode and rivet, the tubular
conductor 61 may be mechanically and electrically con-
nected to the cap extension 38—t of course being readily
cbservable that the cap, and the jacket 33 to which it in

turn 1s mechanically and electrically connected, are in

coaxial relationship to the electrode 206’ to which the
conductor 66 is electrically connected as above described,
The connection of the tubular conductor 61 to the cap
extension 38 is readily effected by fitting the former about
the latter with a slight flare as indicated at 62, and for
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example soldering the ﬂare to the e.mtermr of the main
part of the cap 40. -

The connection from the capamtor terminal 22’ to ﬁhe

rivet, above described as far as the jacket 33, is of course

completed between the outer end of that- ]acket and the
outer face of the rivet by the physical contact of those
 two elements effected by movement of the tool 36 to

bring the electrode 2¢’ into its above- descrlbed operative
| relatmnshlp to the rivet. | |

It is desirable that, as an ad]uncuve action to bringing

the electrode into that operative relationship and com-

pleting the connection of capacitor terminal 22’ to the

rivet as just described, there be brought about the com-
pletion of the circuit firom. the capacitor terminal 21" fo
the electrode—which circuit it is desirable to maintain
normally open. These two desderata are jointly accom-
plished by inserting into the conductor 69, within the

_ 16 .
der may be close enough to the cylinder axis so that the
contact formed by its extremity will be aligned with a -
marginal portion of the rivet face when the sleeve exten-

~ sion 32 is aligned with the rivet cavity 14. The distance

“will,

of extension of the wire 49 outwardly from the cylinder
however, be somewhat less than the normal such

~ distance of the jacket 33; thus when the tool is manip-
-~ ulated merely to bring the end of the jacket into contact
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- power supply 50, the normally open contacts 67 of a o

relay 65 of which the coil 66 is arranged to be energized
to close contacts 67 as such as adjunctive action. To
‘accomplish such energization of the coil 66 it may be
~ connected between a relatively low-voltage terminal 53

on the voltage source and a conductor 64 leading to the |

tool 38 and therethrough to a contact carried by that tool
which is arranced to be automatically connected with
the terminal 52 of the voiltage source following the act
of bringing the electrode into operative relationship to
the rivet and completing the connection of the cap3.01tor
terminal 22’ to the rivet. -

To provide for the contact just mentioned the tool 3@
may include, in freely surmundmg IelatIOﬂShlp to the
jacket 33 and the cap 48 and the outer end portion of the
cable formed by the coaxial conductors 68 and 61, a cylin-
der 42 of insulating material. Through most of 'its length
from its outer end inwardly this cylinder may be provided
with an axial bore 43 just freely accommodating the

jacket 33 and cap 48, and of a length somewhat greater

than the combined length of those elements. Communi-
cating with this bore 43 and passing through the remainder
of the cylinder may be a somewhat smaller axial bore 45,

between which the bore 43 there intervenes the shouldel'

44, the outer end portion of the cable 66—61 lying par-

tially within. the bore 43 and partially within the bore 45,

Within the bore 43 in surrounding relationshp to that cable
portion there may be provided a  helical compression
spring 46 whose extremities bear respectively on the
shoulder 44 and on the main portion of the cap 40 (per-

missibly through the flare 62 of the tubular conductor 61).

The spring 46, of course, biases outwardly of the cylinder
42 the assembly consisting of the jacket, the cap, the end
portion of cable 68—61 and the electrode 2¢’ insulatedly
 carried within the jacket. - A limit for the response of this
assemblv to this bias may be provided by one or more

screws 47 threaded radially through the cylinder 42 near

its outer end to extend slightly into its bore 43, there to
intercept and be impinged on by the shoulder 34 forming
‘the outer extremity of the enlarged central portion 35 of
the jacket 33. This limit may establish a normal position,
for the assembly relative to the cylinder, wherein- the
jacket 33 will extend a short distance c}mwardly fmm
that cylinder. -

The contact above discussed and to which the con-

ductor 64 will be electrically connected may be formed
by the cuter extremity of a suitable stiff wire 49 passing,
for example slightly diagonally, from a short distance out-
wardly of the outer extremity of the cylinder 42 through
the cylinder to a region 48 therewithin relatively near the
inner (upper-shown) . extremity of the cyhnder

69 in the cylinder, -and from it to the inner cylinder ex-
tremity there may extend a further and stepped bore &8.

The conductor 64 may extend into the bore 68 to overlap
- the wire 4% in the region 66, there to be clamped against

that wire by the screw 69’ threaded into the radial bore 69.
The point of emergence of the wire 49 from the cyhn-

This
regmn 48 may form the inner end portion of a radial bore
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operative positiomn,

with the rivet (and the sleeve extension into the rivet
cavity and the electrode into its operative position) the

- contact formed by the outer extremity of wire 49 will

still be free of electrical connection with the rivet face.
But if thereupon pressure toward the work be exerted
on the cylinder 42, the spring 46 will be compressed and
the cylinder and contact will move toward the work until
the contact touches the rivet face—thereupon completing

- the circuit for energization of the coil 66, from that coil

through the conductor 64, the wire 49, the rivet face, ths
jacket 33 and cap 49, and the conductor 61 to the
cgrounded source terminal 52.

FIGURE 7 has illustrated the condition of the apparatus
at a late point in the movement of the tool toward its final
FIGURE 8 1illustrates the conditicn
immediately following the completion of that movement,
and of the further movement of the cylinder 42 just de-
scribed as serving to energize the coil 66. That energiza-
tion will have caused the closure of the switch formed
by the contacts 67 (which, although not appearing in
FIGURE 8, would if appearing be shown closed), thus
completing the connecting of the charged capacitor be-
tween the electrode and the rivet (analogously to the
lowering of the electrode 28 into contact with the capacitor

- ferminal 21 in the case of FIGURE 1) and bringing about

35

the disruptive discharge of the capacitor through  the
loading 15. That discharge will in turn have brought

 about the setting of the rivet; that seiting will be quite
- analogous to the setting of the rivet 19 in the case of
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FIGURE 1, with two exceptions. One is that the expan-
sion of the rivet wall 212 into contact with confines of
the aperture 3, though occurring as previously within
the work-portion-1 part of the aperture, will have been

- precluded by the truncatedly conical flare from extending

into the work-portion-2 part; that 15 a difference from
which any unfavorable effects are precluded (as above
brought out in a rather similar connection in the case of
FIGURE 3) by the action of that flare itself in coopera-
tion with the associated counter-sinking of the work face 6.
The other exception is that the essentially complete closing
of the givet cavity 14 prior to the occurrence of the arc
discharge will have created a slightly more efficient set
of conditions, either resulting in the formation of a
slightly greater bulge 17, or permitting the use of slightly
less energy for the discharge, or the like.
- It will ‘be appreciated that the use of the spwmlly |
adapted apparatus of FIGURES 7-8 carries out the
method of my invention in a specific adaptation of the
manner broadly disclosed in connection with FIGURES
1-2. FIGURES 9-10, to which reference is now invited,
show epecmlaly adapted apparatus whose use. carries out
the method in a specific adaptation of the manner broadly
disclosed in connection with FIGURES 3-6. -

In FIGURES 9-1C the rivet is shown as having the

thinly slitted inner end of the FIGURE-3 rivet 18’ vet, by

| Way of example, the flat flare 13 of the FIGURE-1 rivet:
1t 1s designated as 1087, and may be provided with the

limited loading 15’ of material quite analogously to the
rivet 1§’ of FIGURE 3. . In these figures the apparatus
specmlly adapted to the practice of my invention com-
prises a tool or gun designated generally as 78; again a
power supply, which may be generally hke'that"t)-f FIG-
URE 7 but is designated generally as 58’ because of one
specific elaboration; and again cabling 60—61 and 64
interconnecting the tool or gun 7§ and the power supply.

The gun 70 may be most conveniently described starting
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with its main exterior member. This may be a relatively
long metallic barrel 71, for example of diameter slightly
~ less than the outer diameter of the rivet flare. Secured
immediately within the barrel may be a lining cylinder
74 of insulating material, having throughout a little over
half its length starting with its outer (left-shown) end

a bore 75 identical with that of the rivet cavity; its bore -

76 throughout the remainder of its length may be some-
what enlarged. The outer extremity of the lining cylin-
der 74 may be slightly inset relative to that of the barrel
71; the opposite extremities of the two may, for example,
be flush with one another. | |

At the last mentioned extremity of the barrel 71 the
barrel may be provided with external threading 72; onto
this threading may be screwed an internally threaded me-
tallic cap 80, the central portion of which as formed into
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15

a reduced-diameter extension 78 directed away from the

barrel. In the space between the extremity of the barrel
(and lining cylinder) and the cap, and lying against the
shoulder 792 of the cap formed between its threading and
the cap extension 78, there may be positioned a disc 81
of insulating material; through this disc there may project
to within the lining cylinder the end portion 59 of the
cable conductor 66, which conductor may be identical
with that in FIGURE 7. In this instance the end por-
tion 59" may pass on through and be folded over against
the surface of a metallic disc 82, whose periphery 83 may
be bevelled to rest against corresponding bevelling 77
on, and just within the extremity of, the lining cylinder
74; the folded-over end portion 59" of the conductor may
be soldered or otherwise secured to the surface of the
disc 82. -

Within and having a free fit to the bore 75 there may
~ be carried a sleeve 91 of insulating material, centrally
within which 1s imbedded or otherwise secured the elec-
trode 20’’, again for example of tungsten wire. At their
outer extremities the sleeve and electrode may for ex-
ample be unitarily formed into a conical shape. FIGURE
9 illustrates the sleeve and electrode as inwardly with-
drawn into the lining cylinder 74, for example so that
the oufer extremity of the electrode us just flush with the
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outer extremity of that cylinder; under these conditions

the electrode will extend for a substantial distance into
the enlarged bore 76 of the cylinder.

Closely adjacent its inner extremity the electrode may
have secured thereon in flange relationship thereto, as
by welding, the metallic disc 85; immediately outwardly
of this disc, and lying thereagainst, there may be fitted
about the electrode the insulating disc 86—it being into
contact with this insulating disc that the insulating sleeve
91 extends. In turn just outwardly of the insulating disc
86 there may be secured about the sleeve 91 a collar §7,
for example of metal. The diameters of discs 85 and 86
and of collar 87 will, of course, fit freely within the

enlarged bore 76. The entire assembly of electrode, :

sleeve, discs and collar will be urged outwardly by a fair-
Iy powerful helical compression spring 84 contained with-
in the enlarged bore 76 between, and having its extrem-
ities bearing against, the discs 85 and 82. The spring 84
will also serve electrically to interconnect those discs, and
thus to connect the electrode with the conductor 69.

To arrange for externally controllable Iongitudinal
movement of the internal assembly of electrode, sleeve,

—

discs and collar, there may extend freely into a hole 88

in the wall of the collar, and freely through an elongated
aperture 92 in lining cylinder 74 and barrel 71, a screw
892 threaded inwardly throuzh a cylinder 93 which sur-
rounds and is freely slidable along the barrel 7i—ithe
effect of the screw 89 being to interleck that assembly
and that slidable cylinder as to longitudinal movement.
FIGURE 9 illustrates that assembly and that cylinder as
being held, against the force of the compressed spring 84,
in a retracted position; such holding may be accomplished
by outward {inger pressure on a finger piece $4 extending
for example downwardly from the cylinder 83. 7o

] |
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facilitate the establishment and maintenance of that finger
pressure a handle 89 may be secured about and extend
downwardly from the barrel 71 a little inwardly from
the retracted position of the cylinder 93.

As its outer extremity the barrel 71 may have secured
coaxially thereabout an outwardly extending cup-shaped
flange 73 of internal diameter shaped just freely to em-
brace the flange or flare 13 of the rivet 160’; the outward
(1.e., leftward) extent of the flange will be limited so as
not quite to abut against the work surface 6 when the
outer extremity of barrel 71 is moved into contact with
the rivet face and thus so as not to interfere with that
contact. |

The contemplated manner of mechanically manipulat-
ing the gun 79 is to move it, while maintaining the in-
ternal assembly and thus the electrode 28’ in retracted
position, to bring the flange 73 into surrounding reia-
tionship to the rivet flare I3 and the extremity of the
barrel 71 into contact with the rivet face—FIGURE 9
llustrating the gun in a position just prior to the comple-
tion of this movement—and then suddenly to releasz the
finger pressure from the finger piece 94. Thereupon the

anternal assembly including the electrode 29" will be

abruptly propelied by the spring 84 into the rivet cavity
i4—tor a distance fixed by the impactive abutment of
the outer end of collar 87 against the shoulder formed
within the lining cylinder 74 by the inner extremity of
the bore 75. |

While the power supply 58" may be generally like the
power supply 58 of FIGURE 7, it is necessary in this case
to control it in a somewhat different manner—since it is
desired that the potential of the charged capacitor 23’ be
already applied to the electrode at the time of release of
the finger piece 94. Accordingly instead of an arrange-
ment such as that of the contact wire 42 of FIGURE 7
there may be employed a switch which will be closed, to
apply that potential to the electrode, when the internal
assembly including electrode 20’" is retracted by finger
pressure on the finger piece 94. Such a switch may be
conveniently provided, for example by mounting, in a
suitable slot 938 formed in the handle 29 immediately un-
derneath the barrel 71, a small normally open switch 96
of encased variety throwable to closed condition, against
the force of an internal over-center spring, by light pres-
sure on a limitedly movable plunger 97. This switch may
be mounted in the slot in an orientation such that the
plunger 97 will be outwardly directed and may be im-
pinged on, when the slidable cylinder 93 is retracted, by
a small downward extension 25 formed from that cylin-
der—the plunger 97, when moved inwardly by the cylin-
der extension 95, constituting the limiting stop for re-
traction of the cylinder 23 and the internal assembly in-
cluding the electrode 28’’. One terminal of the switch 96
may be connected to the barrel 71—and therethrough
and through the cap 8¢ and the tubular conductor 61 to
the grounded terminal 52 of the power supply—as indi-
cated at 101, while the other terminal may be connected
to the outer extremity of the conductor 64 already de-
scribed in connection with FIGURE 7.

In the illustration of the power supply in FIGURE 9
the contacts 67 of the relay 65 are shown closed; this is
appropriate to the energization of the coil 66 taking
place in response to the closed condition of the switch
96 which in turn is being maintained by the retracted
finger piece 94, and is a condition desired to be contin-
ued at least until immediately after the completion of the
abrupt prpulsion of the internal assembly including the
electrode 28" which will occur upon release of that finger
piece. It will be appreciated, however, that in the absence
of appropriate measures the coil 66 will be deenergized,
and the contacts 67, therefore, constrained to open, forth-
with upon the release of the finger piece. To preclude a
premature opening of the contacts 67 the releasing action
of the relay 65 may be delayed for a brief interval, fol-
lowing any opening of switch 96, sufficient to allow time
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for the compleuon of the propuismn ]ust _mentioned.

Such a delay may be accomplished in any known manner,
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typical of which I have shown associated with the arma- |

ture of the relay an air dash-pot 182 which will freely

permit upward movement, but will appropriately retard'

- any downward movement, of that armature.
It will already have been appreciated that in the a.p-

14

. (the rivet bemﬂ* seated in a substantlally vertical posﬂmn,
“as shown for the different form of rivet in FIGURES 7-8,

to retain the oil at the inner end of the cavity) 1 have
successfuliy expanded the rivets to such final state as dis-
closed in connection with FIGURES 3-6 or 9-10 by the

- dischargs of a 54-microfarad capacitor previously charged

~paratus of FIGURE 9 the barrel 71 and cap 89 perform
the same functions as did jacket 33 and cap 46 of FiG- -

URE 7, the outer tubular conductor 61 of the coaxial

pair 66—61 being secured on-and electrically connected
‘to the cap 8¢ in manner quite analogous to that above

described in connection with cap 40.

FIGURE 10 illustrates the condition of the apparams |

following the completion of the forward propulsion of
the internal assembly including the elecirode 20" and the

discharge of the capacitor 23’ to and through the loading
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to a voltage of 1,000 volts. Again, with rivets of similar
material but of the type shown in FIGURES 1-2 and
having a wall thickness of appmmmately 364" and with
the use of a saturated solution of common salt (NaCl) n

water as the material of the loading 15 (the seating of

‘course ‘again holding the rivet substantially vertical to

maintain the filling of the cavity Dy the material) I have
auccessfuliy expanded the rivets to such final state as dis-
closed in connection with FIGURES 1-2 by the discharge

of a 154-microfarad capacitor previously charged to @

© " potential of 1,000 volts.

15’ which will of course occur at or minutely prior to that

completion of propulsion. . |
will be fully understood from the above description of

The action of that discharge

20

action presented in connection with FIGURES 3-6, there

being in general only the distinctions that the movement -

of the electrode is now e

‘ected propulsively, at a much

more rapid rate, and under umfolmly duphoable condi-

tions. |

It will be understoed that, in dlStLIlCtIGII to the 11m1ted

 dielectric strength possessed by the loading 15 or 15" with-

- in the rivet cavity, the dielectric strengths of the various

msulatmg members (e.g., sleeve 31, disc 41, insulation 62,

- ete. in FIGURES 7-8; sleeve 91, lining cylmdar 74, discs
‘81 and 86, insulation 62 etc. in FIGURES 9-10) which

The inductance of the discharge

~circuit has been sufficiently minimized so that the dis-

charges have been aperiodic, and oscillographic observa-
tion of their durations has indicated substantial comple-
tion of their single pulse in a time period of the order of

- 50 micro-seconds.

30

suppert and insulate the electrode and the conductor 63 -

in the apparatus of PIGURES 7—-8 and 9-10 will each bu
high.

tus of FIGURES 7-8 and 9-10 and the components
thereof are typical only, and may be widely varlied or
elaborated upon. Simply as one example there may be

mentioned the relay 65 which, while for conciseness of

illustration shown as of a simple solenoid type (in one
case, with mechanically delayed release), may of course
be of any appropriate variety—for example, when utiliz-

ing quite high voltages, of an ignitron or other high-

Voltage-smtch type (permissibly, in the delayed-release
case, with purely electrical or st111 other release-delay
means).

-to which it will be charged of course: determine the energy

which is available for release in the discharge of the

capacitor—which energy will be understood, in accord-
ance with well- known physical laws, to be proportmnal

to the first power of that capacity and to the second

- power of that voltage Choice of the magnitude of that
energy, and thus in turn of the capacity and voltage, is
determined by such factors as the ease with which the
rivet to be set may be deformed, in turn involving the
structural strength of iis cavity, its ductility, etc.; the
abruptness with which the discharge is effected, in turn

influence by such factors as the inductance of the dis-

charge circuit, discussed above; the significant losses of
 discharge energy, which in ﬂeneral are those represented
by that serial part of the dlSChilI‘D‘e which may occur not

within the material of the loading but instead at the switch
contacts in the process of their closure (in the case of the

method as typified by FIGURES 1-2) or from the ap-

it is to be understcsod that the arrangements of. appara—-
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“ proaching electrode tip to the surface of the material (in

the case of the method as typified by FIGURES 3-6);

and the choice of the matter forrmnﬂ' the contents of the

cavity 14, | .

) myay give the fellowmg as exampﬂles of =typ1cal erdera
of magnitude of various parameters.
ets of essentially maximum. available ductility -and of the
type shown in FIGURES 9-10 and having a waill of wp-—
proximately 142" in thickness, and with the use of a sim-

733
- ple petr oleam-derwed oil as the materlal of the loﬁadmcr 15’

With aluminum riv- -
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It will already be appreciated that the choice of matter
which is to form the coatents of the rivet cavity is a
very wide one, to say .the least. "That maiter should of
course have a dielectric strength low enough so that the
voltage required to disrupt it, considered as supplied in

the particular manner to the partluular configuration of

contents which will be used, is Iess than the voltage to
which the condenser will be charged. It may consist
of matter commonly considered single in nature, such
as the air or the oil mentioned above; alternatively it
mey consist of a first component to Whlch a second has
been added for reduction of an otherwise excessively
high dielectric strength (such as the water above men-
tioned for the FIGURES 1-2 type of rivet, with the
addition of common salt). It may be a highly fluid

“material (such as the salt-saturated water’), or a some-

what viscous but still fluid material (such as the oil),

‘when the rivets may always be vertically or near-verti-

cally seated:; alternatively, to permit any orientation of
the seated rivet, it may be a much more viscous material
such as the salt- or otherwise-impregnated wax menuoned
early ‘hereinabove or a suitably impregnated grease.
When two or more components are used, one Or more may
be in true sofution in the other (such as the salt in the
water); alternatively one or more may be merely dis-
persed through and in suspension in the other (such as the
isalt in the grease).

VWhen two or more oomponents are used mth one or

“more dispersed in particle form through but not in true

solution in the other component ior “vehicle,” the dis-
persed one or ones may be chosen to be electrically
conductive, such as fine metallic parficles; in this case,
while some of the breaking down or dlsrupuon must
and of course will be an arc occurring in the relatively
non-conductive vehicle, the disruption considered as an
entirety will in large measure include the vaporization,
brought about by the momentary gross overheating, of the
dispersed conductive particles.

~A variation of the subject matter of the precedmg |
paragraph which may be successfully employed is the

constitution of the multi-component contents not by one
- or more components dispersed in particle form through-

out the other, but rather by one in a suitably disposed
solid and unitary form within the other. This variation
I have illustrated in FIGURE 11, which shows a sealed
but unset rivet alternative to that Eof FIGURES 9-10. The
basic rivet proper may be quite identical to that of those
fisures and is, therefore, again designated as 1$9’, and

~ in the cavity ac}f the rivet at its inner end may be a quan-

5

tity 115, for example of pure grease or wax, similar in
extent to the loading 15" of those earlier figures—but
to it there has been added, extending through it from
the central region of the inner end of the cavity, for ex-
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ample to its outer surface, a conductive component 115"

consisting of a fine (for example, about. 1-mill) wire.
In this case the disruption wiil comprise principally the
vaporization brought about by the momentary gross
overheating, of the conductive fine wire 1158, It may be
mentioned that the manner of securing this wire at the
center of the inner end of the rivet is not critical; the
wire may for example be cemented in the “hole” formed
by the intersecting slits 9 since the cement, even though
initially insulating the wire from the rivet, will of course
itself be broken down in the discharge, which preferen-
ttally occurs therethrough. )

In the FIGURE-11 loading material one of the com-
ponents 1s of course wholly solid, and it will be under-
stood that with any of the general categories of cavity

contents mentioned above—i.e., whether consisting of a.
single component, or of a plurality with one or more

either dissolved in or dispersed in particle formy through
the other, or of a plurality with one or more contained
in unitary form or forms within the cther—the entire
contents may, but of course do not need to, be solid.

Disruption comprising vaporizaticn of «a solid of course
ordinarily consists of two sequential phase changes—i.e.,
from solid to liquid and from liquid to very hot vapor—
of which the second is invariably a useful source of pres-
sure for the practice of my invention. It is however
possible, by choice of a loading material which expands
substantially in the change from solid to liquid phase, to
take additional advantage of the first phase change and
thereby to achieve two infinitesimally spaced shock waves
instead of one. Typical of materials with which this
acton may be achieved are hydrocarbon waxes, particu-
larly those formed as by-products of petroleum-cracking
processes. Wax cavity loadings for the practice of my
invention therefore preferredly include loadings of such
hydrocarbon waxes—permissibly, of course, with the addi-
tion of common salt ©or other agent to accomplish any
desired reduction of dielectric strength. -

It 13 my belief that among the aspects of my invention
are not oniy a rivet specially adapted to be blindly set
in the work by the abrupt discharge of a quantity of
electricity, but also apparatus for deforming an appro-
‘priate rivet into effective binding relationship to the work—
and true methods of rivet setting, practiceable by hand and
essentially independent of specific apparatus.

While I have disclosed my invention with reference to
particular examples thereof, I intend no unnecessary
limitations thereby. Modifications in' many respects will
be suggested by my disclosure to those skilled in the art,
and such modifications will not necessarily constitute de-
- partures from the spirit of the invention or from its scope,
which I undertake to define in the appended claims.

I claim:

1. The method of riveting with a generally cup-like
electrically conductive rivet whose cavity is elongated to
extend through a receiving aperture in, to substantially be-
yvond the inner face of, the work and contains matter inert
as to chemical explosion but susceptible of electric disrup-
tion, which comprises seating the rivet within the aperture
and against the work; and creating in the wall of the
seated rivet at least principally beyond the work a bulge
exerting both transverse and longitudinal continuing force
components on the inner rim of the aperture by effect-
ing between a point within and the side surface of the
cavity the abrupt discharge of a previously stored quan-
tity of electricity through and disruptive of said matter.
- 2. The method of riveting with a generally cup-like
electrically conductive rivet whose cavity is elongated
to extend through a receiving aperture in, to substantially
beyond the mner face of, the work, which comprises seat-
ing the rivet within the aperture and against the work; and
creating in the wall of the seated rivet at least principally
beyond the work a bulge exerting both transverse and
longitudinal continuing force components on the inner
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and the bounding surface of the cavity, through a cavity-
contained loading of material inert as to chemical explo-
sion and comprising two components of respectively dif-
ferent electric properties, the abrupt and material-disrupt-
ing discharge of a previously stored quantity of electricity.

3. The subject matter claimed in claim 2 wherein a
second of said components is dissolved in, and renders
the dielectric strength of said material substantially lower
than that of, the first of said components.

4. The subject matter claimed in claim 2 wherein a
second of said components is dispersed in finely sub-
divided form throughout, and renders the dielectric
strength of said material substantially lower than that
of, the first of said components.

5. The method of riveting with a generally cup-like
electrically conductive rivet whose cavity is elongated
to extend through a receiving aperture in, to substantially
beyond the inner face of, the work, which comprises seat-
ing the rivet within the aperture and against the work;
and creating In the wall of the seated rivet at least prin-
cipally beyond the work a bulge exerting both trans-
verse and longitudinal continuing force components on the
inner tim of the aperture by effecting between a point
within and the bounding surface of the cavity, through
a cavity-contained loading inert as to chemical explosion
and comprising material characterized by substantial ex-
panston in its change from solid to liquid phase, the

~abrupt and material-disrupting discharge of a previously
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rim of the aperture by effecting betwesn a point within 75

stored quantity of electricity.

6. In riveting apparatus for use with a generally cup-
like electrically conductive rivet seatable within an aper-
ture in the work and whose cavity is elocngated to extend
substantially beyond the inner face of the work and con-
tains matter inert as to chemical explosion but susceptible
of electric disruption: means for deforming the seated
rivet into binding relationship to the work, comprising in
combination an electrode temporarily insertible to within
the rivet cavity and at lecast substantially into contact with
said matter; an electrical capacitor; means for charging
the capacitor to a voltage more than sufficient, when
applied to said matter, to effect the disruptive electric
breakdown thereof; and means effective electrically to
connect the charged capacitor between the electrode and
the rivet. - |

7. The subject matter claimed in claim 6 further in-
cluding means fixing the distance of insertibility of the
electrode into the cavity. |

8. The subject maiter claimed in claim 6 further in-
cluding means secured to the electrode for at least sub-
stantrally closing the cavity of the rivet when the elec-
trode is inserted into the cavity.

9. In riveting apparatus for use with a generally cup-
like electrically conductive rivet seatable within an aper-
ture in the work and whose cavity is elongated to extend
substantially beyond the inner face of the work and con-
tains matter inert as to chemical explosion but susceptible
of electric disruption: means for deforming the seated
rivet into binding relationship to the work, comprising in
combination means temporarily positionable at least sub-
stantially to close the cavity; an electrode carried by said
last-mentioned means and arranged for insertion to with-
in the cavity transversely intermediately thereof and at
least substantially into contact with said matter; an elec-
trical capacitor; means for charging the capacitor to a
voltage more than sufficient when applied to said matter,
to effect the disruptive electric breakdown thereof: and
means effective electrically to connect the charged ca-

pacitor between the electrode and the rivet.

10. The subject matter claimed in claim 9 wherein said
temporarily positionable means when positioned at least

substantially to close the cavity leaves freely exposed to

the matter within the cavity the side surface of the cavity
throughout the major part of that portion of its lon oi-
tudinal extent which is within said aperture.

11. In riveting apparatus for use with a generally cu p-
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like electrlcally conductive rivet seatable within an aper-
ture in the work and whose cavity is elongated to extend -

substantially beyond the inner face of the work and con-

~ tains miatter inert as to chemical explosion but susceptible

of electric disruption: means for deforming the seated
~ rivet into binding relationship to the work, cﬂmprlsmg in
combination an electrical capacitor; means for charging
the capacitor to a voltage more than sufficient, when ap-

- O

- matter, to el

plied to said matter, to effect the disruptive electric break-

down thereof; and means for applying the electric charge
of the capacitor to said matter, said means comprising a
manually manipulable tool having an electrode which 1s

insertible into the rwet caV1ty and into substantial contact

with said matter.

12. In riveting apparatus for use with a generally cu;p-‘
like elacmcajlly conductive rivet seatable within an aper-
~ture in the work and whose cavity is elongated to extend
substantially beyond the inner face of the work and con-
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the sleeve bemg provided with an end portion nf limited

length and of reduced diameter which is adapted to enter -

and at least substantially o close the cavity of the rivet
and which then exposes the electrode within the cavity;

an electrical capacitor; means for charging the capacitor

to a voltage more than sufficient, when applied to said
ect the disruptive electric breakdown thereof;
and means effective electrically to connect the charged
capacitor between the electrode and the rivet.

14. In riveting apparatus for use with a generally cup-
like electrically conductive rivet seatable within an aper-
ture in the work and whose cavity is elongated to extend

 substantially beyond the inner face of the work and con- -
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tains matter inert as to chemical explosion but susceptible

of electric disruption: means for deforming the seated
rivet into binding relationship to the work, comprising in

20

combination an electrical capacitor; means for charging

the capacitor to a ’vuoltage more than su:

the capacitor through said matter, said means. including
~a tool having an electrode positio lnable at least substan-
tlally in contact with said matter; and means carried by,

and movable with respect to other portions of, the mol'-

fm controlling said: charge-applying means.
:13. In riveting apparatus for use with a generally cup-

icient, when ap-
plied to said matter, to effect the disruptive electric break-

 down thereof; means for applying the electric charge of 25
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like electncally conductive rivet. seatable within an aper- .

ture in the work and whose cavity is elongated to extend

substantially beyond the inner face of the work and con-
tains matter inert as to chemical explosmn but susceptible

of electric disruption; means for deforming the seated .

- rivet into binding relationship to the work, comprising in

combination an electrode; a sleeve surrounding the elec- .

~ trode, at least that p-onti-bn of the sleeve which i1s immedi- -

~ately adjacent the electrode being of insulating material,

40
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tains matter inert as to chemical explosion but susceptible

of electric disruption: means for deforming the seated
rivet into binding retationship to the work, comprising in
combination an electrical capacitor to one terminal -of

“which the rivet is electrically connected; means for charg-

ing the capacitor to a voltage more than sufficient, when
applied to said matter, to efiect the disruptive electric
breakdown thereof; an electrode, electrically connected
to the other terminal of the charged capacitor, tem-
porarily and progressively moveable toward a position
whereat it will have reached at least the vicinity of said
matter and will have invoked the disruptive electric break-

down therecf; and means efiective to align the electrode

transversely of the rwet
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