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This invention relates to blind riveting in which tubular 
rivets are expanded or clinched into position in the Work 
pieces to be riveted by pulling a mandrel therethrough, 
especially to blind riveting by means of a mandrel that 
is itself non-deformed in the clinching or expanding 
operation, as is essential in blind riveting by means of a 
magazine type gun in which the stem of a non-deform 
able mandrel carries a supply of tubular rivets threaded 
thereover. 
The present invention has for an object to provide im 

proved riveting with a tubular rivet and mandrel both 
so shaped as to ensure effective clinching of sheets. 

In accordance with the invention, a high clench headed 
tubular rivet which may be upset with a broaching man 
drel has a shank formed with a relatively strong zone 
at or near its tail and with a relatively weak zone inter 
mediate its head and the strong Zone. 

Preferably the strong Zone is constituted as an exter 
nal flange or thickened wall at or near the tail of the 
rivet. The weak zone may be formed by making the 
wall of the rivet bulbous, or slotting it or thinning it. 

In accordance with another feature of the invention, 
the headed tubular rivet may be formed with an inter 
nal conical lead-in to the weak Zone. 
According to another aspect of the invention, a high 

clench headed tubular rivet which may be upset with a 
broaching mandrel has a shank which is formed with a 
reinforcing flange at or near its tail end and also, at least 
at that part thereof which when the rivet is first inserted 
in the registering apertures formed in two or more mem 
bers to be riveted together lies between said reinforcing 
flange and the members, with a relatively weak zone 
which is capable of expansion under longitudinal pres 
sure from the mandrel less than that required to expand 
the reinforcing flange. 
The formation of the shank so as to be capable of such 

expansion may be effected in various ways; for example, 
the rivet may have a parallel bore and be longitudinally 
weakened by slitting or otherwise at at least two places 
Spaced from one another around its circumference, or it 
may be formed with a waist, the wall thickness of which 
is preferably less than that of the remainder of the shank. 
The rivet may be used with a mandrel the stem of 

which is a friction fit within the rivet. 
In addition, the dimensions of the rivet and the mandrel 

used therewith are preferably such that in finally passing 
through the shank the latter as well as the reinforcing 
flange at its end is expanded thereby. 
in accordance with a still further feature of the invention, 

the head of the mandrel where it joins the stem is of sub 
stantially hemispherical shape rather than conical to assist 
in the expansion of the shank and tight clenching before 
the reinforcing flange is expanded. 

Alternatively, the head of the mandrel where it joins 
the stem may be conical but of greater included angle 
than is appropriate for rivets without a reinforcing flange 
as set forth above, the included angle being dependent 
upon the axial thickness of the flange, said thickness being 
reduced as said angle is increased. 

Five constructions of the invention will now be de 
scribed by way of example with reference to the accom 
panying drawings in which: 
FIGURE 1 is a view in sectional elevation of one em 
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2 
bodiment of a rivet in accordance with the invention. 
FEGURE 2 is a view in elevation of a mandrel em 

ployed with the rivet in accordance with the invention. 
FiGURE 3 is a view in elevation of the rivet threaded 

on the mandrel and inserted into registering holes in the 
Work to be riveted. 
FGURE 4 is a view in elevation of the rivet mandrel 

assembly showing initial expansion of the rivet. 
FIGURE 5 is a view in elevation of the upset rivet and 

of the mandrel pulled therethrough. 
FiCURE 6 is a view in sectional elevation of a rivet 

constructed in accordance with another embodiment of 
the invention. 
FIGURE 7 is a view in sectional elevation showing the 

rivet as illustrated in FIGURE 6 threaded over the 
In andrel and inserted in apertured holes in the work to be 
riveted. 
FIGURE8 is a similar view to that of FIGURE 7 illus 

trating the initial expansion of the rivet after the initial 
pull on the mandrel. 
FIGURE 9 is a view of the upset rivet and of the 

mandrel pulled therethrough. 
FiGURE 10 is a plan view of FIGURE 9. 
FIGURE 11 is a view partly in section of another em 

bodiment of the invention. 
FIGURES 12 to 16 show progressive stages of rivet 

broaching employing the rivet and mandrel as illustrated 
in FGURE 11. 
FGURES 17 and 18 are views in elevation of another 

embodiment of the rivet. 
FIGURE 19 is a view similar to that of FIGURE 17 ex 

cept that a split ring is inserted in the rivet head counter 
bore. 
FiGURE 20 is a cross-sectional plan view on the line 

X-X of FIGURE 19. 
FIGURE 21 is a sectional view of a modified form of 

the invention. 
Referring to FIGURES 1-5 of the drawings, a parallel 

bore rivet is formed with a head 2 at one end of its 
elongated shank 3 and with a reinforcing flange 4 at its 
other end. Four circumferentially spaced axial incisions 5 
formed in the shank 3 are of such length and so located 
lengthwise thereof that when the rivet is placed in the 
hole 6 in the sheets 7 and 8 to be riveted, said incisions 5 
extend for a short distance into said hole 6. These in 
cisions 5 adapt the portion of the shank 3 protruding from 
the remote side of the sheet 8 to expand during the broach 
ing operation as will be later explained. The rivet 1 is 
threaded tail first over a mandrel 9 having a stem 10 the 
diameter of which is only slightly smaller than that of the 
internal bore of the rivet 1 so that the rivet 1 is a close 
sliding fit on the stem ice of the mandrel 9. Where it 
joins the stem 10 the head 11 of the mandrel 9 is of semi 
circular longitudinal cross-section or has a semi-spherical 
outline as indicated at 12. It will be observed that the 
diameter of the flange 4 of the rivet 1 is slightly smaller 
that that of the registering holes 6 in sheets 7 and 8 to be 
riveted so as to provide sufficient clearance for the mandrel 
9 and the tail end 4 of the rivet 1 to pass through the holes 
6. The free end of the mandrel stem 10 is inserted in a 
known riveting gun or appliance, the head 2 of the rivet 1 
bearing against the front jaws (not shown) of the gun 
which act as an anvil against which the rivet head 2 bears 
during broaching as the rivet is expanded. 

In use the rivet threaded over its mandrel 9 is in 
serted in apertured holes 6 in sheets 7 and 8 (FIG. 3), 
the initial pull on the mandrel 9 during broaching causes 
the rivet shank 3 to expand around the area where the 
shank 3 is weakened by the incisions 5. Actually the 

70 portion of the shank 3 expands into a lantern shape as 
can be seen from FIGURE 4. Upon completion of this 
expansion the mandrel 9 continues to pull the fiange 4 of 
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the rivet 1 into abutment with the sheet 8. After this has 
taken place the mandrel 9 continues to pull the sheets 7 
and 8 together. When the sheets are tightly clamped 
the increased force on the mandrel 9 now expands the 
reinforcing flange 4 and clears the head 1 of the mandrel 
9 through the rivet bore and so expands the rivet shank 
material thus radially filling the holes 6 in the sheets 7 and 
8, and at the same time further longitudinally constricts 
the rivet shank 3. This results in additional clench of the 
sheets 7 and 8. It should be emphasized that the bore of 
the rivet 1 should be a close sliding fit on the stem 10 of 
the mandrei 9 otherwise the expansion of the rivet 
Shank 3 would not be uniform and not in axial align 
ment. The mandrel 9 for placing the rivet a has a 
Specially designed head it which is substantially spheri 
cally shaped at its junction with the stem ( so as to 

0 

give maximum end loading. It will be understood that 
this rivet method employs a mandrel with a thicker stem 
than is usually employed in magazine type riveting guns 
thereby lessening the chances of mandrel breakage and 
at the same time permitting a greater degree of clench. 

In the modification of the invention as illustrated in 
FIGURES 6 to 10 the shank 3 of the rivet i is formed 
with a bulge i3 in that part of the shank which is adapted 
to form the tail. This bulge i3 is formed by expanding 
a portion of the shank of an initially parallel bore rivet, 
for example by hydraulic means, until the bulge 13 
Teaches an external diameter such as just to pass through 
the holes 6 in the sheets 7 and 8 to be riveted. For ex 
ample, for riveting holes of 4' diameter the external di 
ameter of the bulge 13 would be approximately .248'. 
The formation of the bulge i3 causes a reduction of the 
wall thickness of the shank 3 at the locality where the 
bulge 13 is formed so that this area when subjected to 
longitudinal pressure becomes easily expansible. As can 
be seen from FIGURE 7 the bulge 3 extends from ap 
proximately the remote side of the farmost sheet 8 to be 
riveted in the direction of the reinforcing flange 4 of the 
rivet 1 and becomes more pronounced midway between 
the farmost sheet surface and the reinforcing flange 4 leav 
ing a non-deformed portion 3a of the shank between 
the flange 4 and the bulge 3. The initial pull on the 
mandrel 9 causes the bulge 13 to spread outwardly; at 
this time the bulge 13 cams the sheet 8 into closer contact 
with sheet 7. An increased pull on the mandrel 9 brings 
the reinforcing flange 4 into engagement with the bulge 
13 forcing it to collapse as shown. Then the mandrel 9 
continues to pull the sheets 7 and 8 together. 
The rivet illustrated in FIGURES 11 to 16 is a further 

development of the tubular rivet shown in FIGURE 7. 
In this embodiment of the invention the elongated shank 
15 of the rivet 14 has both a bulbous configuration 6 
and a neck 18 intermediate its length. The bulge 16 
joins the reinforcing flange 4 at the tail end of the shank 
15 by a short parallel portion 7. At its opposite end 
the bulge 16 merges into the neck portion 18. A di 
verging conical shank portion 19 joins the neck 18 with a 
rivet head 20 which is counterbored at 24 to give relief 
to the broaching mandrel 22 as will be later explained. 
The rivet 14 is threaded over the finandrel 22 which has 
a cylindrical head 23 tapering at 25 towards the junction 
with its stem 24. As illustrated in FIGURE 11 the con 
cal portion 25 of the mandrel 22 diverges from its stem 
24 at a point 24a towards the head 23 so that its faces 
25 form an included angle of approximately 60. This 
angle may vary, the magnitude of the angle depending 
upon the axial thickness of the reinforcing flange 4 of 
the rivet 4. 

In use the mandred 22 with the rivet 4 threaded tail 
first thereon is loaded into the gun and the rivet mandrel 
assembly is inserted into the hole 6 of the work 7 and 
8 to be riveted. During broaching operation the mandrel 
head 23 sinks into the reinforcing flange 4 of the rivet 
(see FIGURE 13) causing the reinforcing flange 4 to 
work harden and to increase its resistance to further ex 
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4. 
pansion radially. As continuous pull is applied on the 
mandrel 22 the bulged portion 16 yields first to the pres 
Sure on the flange and causes the bulge 16 to collapse 
and expand radially as can be seen in FIGURE 14. Sub 
Sequent pull on the mandrel overcomes the resistance 
to expansion offered by the reinforcing flange 4, and the 
mandrel head 23 expands the flange 4 and the shank i5, 
which lies within the rivet hole 6 in the work 7 and 8, 
radially (see FIGURE 15) so that when the mandrel 22 
is pulled through the rivet 14, the material of the rivet 
shank 5 fills the hole 6 completely. The formation of 
the counter bore 21 in the rivet head 20 prevents the ex 
trusion of the surplus rivet material which has been 
shifted axially by the moving mandrel head 23. The 
surplus material of the inner wall of the rivet shank 15 
is flattened out by the passing of the head 23 of the 
mandrel 22 therethrough, thus providing a parallel bore 
capable of receiving a sealing pin if required. It has been 
found that any undesirable extrusion of rivet material 
has been eliminated by the formation of a counter bore 
in the rivet head and of the constricted portion or neck 
on the shank thus resulting in perfect clenching of the 
work to be riveted. 
The purpose of the reinforcing flange 4 is to prevent 

the mandrel 9 or 22 from expanding the tail end of the 
rivet shank until the collapse of the weakened zone 5 or 
23 or 6 has been effected. 

It will be understood that the bulge of the rivet shank 
can be weakened by reducing its wall thickness in order 
to induce an early expansion or collapse. 

Furthermore, the hardness of the reinforcing flange 4 
of the rivet 4 may be increased by work hardening, so 
that additional pressure would be required on the man 
drel 9 or 22 to expand the flange 4. 
The proposed method of manufacturing the rivet il 

lustrated in FIGURES 11 to 16 is to form external di 
mensions, drill, ream and part off, then anneal and hy 
draulically form the bulge. 

in the modification of the invention as illustrated in 
FIGURES 17 and 18 a tubular rivet 26 has an elongated 
parallel shank portion 27 of uniform wall thickness which 
merges into a conical portion 28 joining the shank por 
tion 27 with a reinforcing flange 29 at the tail end of the 
rivet 26. The rivet 26 is formed with two coaxial parallel 
bores 36 and 31, the bore 30 extending from the head 
of the rivet 26 being of a larger diameter than the bore 
31. The bore 30 tapers at 32 in the direction of the 
bore 31. It has been found by tests with rivets having 
4' shank diameter that the most suitable angle of in 
clination of the conical portion 28 relative to the axis 
of the rivet is approximately 19. 

Preferably the wall thickness of the conical portion 
28 of the rivet 26 is approximately 54000' greater than 
that of the parallel shank portion 27 and in no case is 
it less than the actual thickness of this parallel portion. 
The design of this rivet is based on the same principle 

as that described with reference to hydraulically pre 
formed rivet illustrated in FIGURES 11 to 16, namely 
the controlled collapsing of a weakened wall section of 
the rivet. The complementary mandrel is similar to that 
shown in FIGURE 11. The reinforcing flange 29 con 
stitutes the strong zone, and the conical portion of the 
shank 23 and that part of the parallel shank portion 27 
protruding at the inaccessible side of the sheets 7 and 8 
to be riveted the weak Zone, or the collapsible part 
of the rivet upon the initial pull of the mandrel 22. 
The rivet 26 just described does not require to be 

hydraulically preformed. The manufacturing costs of 
this rivet are, therefore, more economical than those 
illustrated in previous examples. The rivet 26 is pro 
duced from cylindrical stock of metal by turning the 
shank portion 27 and the reinforcing flange portion 29, 
cutting an annular groove 33 and thus forming the conical 
portion 23; drilling a hole to a diameter equivalent to that 
of bore 31, parting the rivet from the stock and counter 
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boring the rivet hole 31 to the size of diameter 30 and 
finishing the rivet. For example when rivets 26 are made 
from AL 69 alloy it has been found to be advantageous 
to treat the rivets in a solution of neutral salts for 15 
minutes at approximately 490° C. plus-minus 10' and 
subsequently plunge the rivets into cold water. Age 
hardening is completed after approximately 5 to 10 days 
imparting necessary strength to the rivets. 

It will be understood that rivets above described may 
be made from other materials, for example B.51 SO 
aluminium alloy; Monel DTD 200A G & C, brass 70/30, 
etc. Prior to broaching it is preferred to lubricate the 
rivet or the mandrel. This may be effected in various 
Ways. 

Furthermore it may be preferable to use bar material 
in a semi hard condition to facilitate machining, but such 
rivets will require an annealing operation in order to 
assist collapse of the rivet shank during riveting. 
The construction of the rivet and mandrel assembly 

described above may be advantageously employed in 
magazine type riveting tools. 
The bulbous portions 13 and 6, FIGURES 6 and 11 

respectively, of the rivet shank are preformed hydrauli 
cally, and the stem 24 of the mandrei 22 is a sliding fit 
within the bore of the rivet at two localities. In the con 
struction of the rivet shown in FIGURES 17 and 18 how 
ever, the mandrel stem 24 is a sliding fit only within the 
bore 3 of the reinforcing flange 29 of the rivet 26. 
The remainder of the rivet shank is not supported by the 
mandrel stem 24 and in consequence the rivet 26 may 
become out of alignment with the central line of the 
mandrel. This causes an uneven collapse of the tail of 
the rivet during broaching. To overcome this drawback 
a split ring 33 of soft material may be inserted in the 
counterbore 31 of the rivet head 32 (FIGURES 19 and 
20) for the purpose of centralising the mandrel 22 in the 
rivet during broaching. 
In use a number of rivets 26 and split rings 33 threaded 

tail first on the mandrel stem 24 are inserted in a maga 
zine type riveting gun. After the rivet is expanded the 
ring 33 in each rivet 26 is retained on the mandrel upon 
the upsetting of the rivet until the return stroke of the 
riveting gun (not shown) when the ring 33 is ejected by 
a succeeding rivet 26. This requires very little effort 
due to the split in the ring 33. 

In the modification shown in FIGURE 21 the rein 
forcing flange 29 at the tail of the rivet 26 may be formed 
with a small cylindrical protrusion 34 which projects into 
and is located in the counterbore 30 of the adjacent rivet 
26. 

It should be noted that with snap head rivets the pos 
sibility of misalignment during broaching is quite remote 
as the front jaws of the gun form sufficient bearing Sur 
face. With the countersunk head rivets, however, the gun 
jaws offer insufficient bearing surface and it is necessary 
to provide some form of axial control. 

I claim: 
1. In combination, a high clench headed tubular rivet 

and a broaching mandrel, said tubular rivet comprising 
a head, a shank, and a flange, said head, shank and 
flange portions having concentric longitudinal bores, said 
shank having a main substantially cylindrical portion and 
a frusto-conical portion connecting said main portion 
to said flange, the latter portion having a periphery which 
progressively reduces in progressing from said shank main 
portion to said flange, said flange extending peripherally 
outwardly of said latter portion and having a radial 
thickness substantially greater than the wall thickness of 
said latter shank portion, the bore in said flange being 
of lesser size than the bore in said shank and said head, 
said mandrel having a shank received in and extending 
longitudinally through said head, shank and flange, said 
mandrel having a shank formed complementarily to the 
periphery of said bore in said flange, said mandrel hav 
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6 
flange and connected to the mandrel shank by a section 
tapering from the periphery of the head to that of the 
mandrel shank, the head being of a size to be freely 
slidable lengthwise through at least the major portion 
of the length of said shank, said mandrel shank being 
slidable in said flange bore, said mandrel head and tapered 
portion being initially positioned to the other side of said 
flange with respect to the shank portion of the rivet, and 
guide means frictionally mounted within said longitudinal 
bore extending through said shank of said rivet com 
prising a centering means for said mandrel and having 
a bore concentric with said bore in said flange and slid 
ably receiving said mandrel shank, the bore in said cen 
tering means being of a size smaller than the periphery 
of said head of said mandrel, the latter means being slid 
able outwardly of said rivet, when the mandrel is drawn 
through the rivet. 

2. The combination of claim 1 wherein said centering 
means comprises a split sleeve. 

3. A tubular rivet for use in blind riveting operations 
where a mandrel with an enlarged head is drawn through 
the rivet from the tail end thereof to the head end there 
of and expands portions of the rivet, said rivet com 
prising a head, a shank, and a reinforcing flange, said 
head being connected to one end of said shank and said 
reinforcing flange being connected to the opposite end 
of said shank, said shank, said head, and said reinforcing 
flange having concentric longitudinal bores, said shank 
having a first portion and a second portion connected to 
said first portion, said first portion being positioned ad 
jacent said flange and connected thereto, said second 
portion being intermediate said first portion and said 
head, said second portion being of larger internal diam 
eter than that of said flange and larger than the diam 
eter of the head of said mandrel, said first portion being 
formed of a substantially uniform wall thickness and 
having a bore which decreases in diameter from the in 
ternal diameter of said second portion to the internal diam 
eter of said flange, said flange having a wall thickness 
substantially greater than said first portion and extending 
radially outwardly of the adjacent end of said first por 
tion, the bore of said flange being sufficiently large to 
receive the shank of said mandrel but smaller than the 
head of said mandrel, an annular member frictionally 
mounted within the longitudinal bore of said shank at 
the head end thereof, said member having a bore concen 
tric with the shank bore and being slidable outwardly of 
said bore of said shank, said bore of said annular mem 
ber being of substantially the same size as the bore in 
said flange, whereby when a pulling force is applied be 
tween the shank of the mandrel and the head of the rivet, 
the head of the mandrel first moves said flange towards 
the head of the rivet and collapses the shank of the rivet, 
producing outward bulging thereof, and continued move 
ment of the mandrel effects clenching of the bulged and 
collapsed shank portions against the parts being riveted, 
and thereafter the mandrel head passes through said flange 
expanding the same, and removes said annular member 
from the head of said rivet. 

4. A rivet according to claim 3 wherein the periphery 
of said first portion decreases progressively from said 
second portion of said shank to said flange. 

5. A rivet according to claim 3 wherein said first por 
tion is of frusto-conical shape with its apex positioned 
toward said flange and its base toward said second por 
tion of said shank. 

6. A rivet according to claim 3 wherein said member 
comprises a split ring. 

7. In combination, a high clench headed tubular rivet 
and a broaching mandrel, said tubular rivet comprising 
a head, a shank, and a flange, said head, shank and flange 
portions having concentric longitudinal bores, said shank 
having a main substantially cylindrical portion and a 
frusto-conical portion connecting said main portion to 

ing an enlarged head of larger size than said bore in said 75 said flange, the latter portion having a periphery which 



3,055,255 
7 - 

progressively reduces in progressing from said shank main 
portion to said flange, said flange extending peripherally 
outwardly of said latter portion and having a radial thick 
ness substantially greater than the wall thickness of said 
latter shank portion, the bore in said flange being of lesser 
size than the bore in said shank and said head, said 
mandrel having a shank received in and extending iongi 
tudially through said head, shank and flange, said mandrel 
having a shank formed complementarily to the periphery 
of said bore in said flange, said mandrel having an enlarged 10 
head of larger size than said bore in said flange and con 
nected to the mandrel shank by a section tapering from the 
periphery of the head to that of the mandrel shank, the 
head being of a size to be freely slidable lengthwise 
through at least the major portion of the length of said 
shank, said mandrel shank being freely slidable in said 
flange bore, said mandrel head and tapered portion being 
initially positioned to the other side of said flange with 
respect to the shank portion of the rivet, and including an 
annular protruding portion projecting axially fron said 
flange on the side opposite from said rivet shank, said 
protruding portion having a central bore concentric with 
and of substantially the same size as the bore in said 
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flange, said protruding portion having an outer periphery 
formed complementary to said bore in said shank and 
being adapted to be received in the shank bore of a second 
rivet to constitute a positioning member. 
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