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(57) Abstract

The invention concerns a method (device and product) for riveting a packet (50) of sheets (51, 52) by means of unannealed
aluminium rivets made from an alloy harder than that of the relatively soft AD rivets in common use; this method is character-
ized by the fact that the expansion of the head to be formed at the shank end (58, 59) of the rivet during the riveting process is
controlled by a snap-tool (62) which encloses the shank end (58, 59) at first loosely. When the expansion of the head diameter ap-
proaches D = 1,5 d (with d the rivet diameter), i.e., the limit above which cracks form in the head, the tool (62) prevents further
deformation and forces the material of the head to deflect towards the central portion of the rivet shank (57) which subsequently
expands and widens the hole (53) sufficiently to make the riveted joint last considerably longer. The good loosely and, later in the
process, tightly fitted enclosing of the shank end (58, 59) by the snap-tool (62) allows the riveting to be done manually. This can
still be improved further by using a snap-tool (62) with a profile (67, 68, 69) complementary to the contour of the shank end (58,
59).
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"Method, rivet-punch, rivet, etc. for joining several metal
sheets by using non-heat-treated rivets made from an aluminium

alloy"
Specification

1. Introduction

This invention relates to a method of joining several
metal sheets by using non-heat-treated rivets made from an
aluminium alloy, if any provided with a rivet head, in which rivet
punches - being used for forming the riveted head and, if any
the rivet head - surround the shank end in question, whereas the
two rivet-punches exert on the rivet shank such forces that one
(riveted) head or, if any, two heads are formed, without the
occurrence of cracks in the head, while at the same time sufficient
widening out of the hole takes piace. Such a method is known from
an Article written by T.H.Speller & J.A.Randolph, which is a
reprint from
"Aircraft Engineering" (February 1972), issued by General-Electro
Mechanical Corp., dealing with AD-rivets.

In the aircraft industry the use of fasteners, like bolts,rivets
and blind rivets is wide-spread. These fasteners join parts (metal
sheets) and transmit the forces exerted theron.The great majority
of fasteners are machine-riveted or hand-riveted joints.

Rivets made from high strength aluminium alloys such as
2017,2017A and 2024, have to undergo before being applied first
a solution heat-treatment to obtain the required deformability.
Thereafter they are quenched and stored in a freezing box or
similar cold storage space.

This heat treatment has disadvantages, mainly in the field
of logistics: additional handling and checking thereof, controlling
of the durability of the rivets. That is, the rivets have to be
riveted within a restricted time period after the solution heat-
treatment. After elapse of said time period, the non-processed
remainder of the batch of solution heat-treated rivets, taken
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from the freezing box at the beginning of said time period, have

to go to scrap.

This is because from that moment they are unfit for further

processing, involving much loss of labour and material.
Reduction of the use of said solution heat-treated rivets would

considerably improve the riveting process from a logistics point

of view and substantially reduce the costs involved.

2. The actual riveting method

A modern aircraft consists of several thousands of sheet metal
components. These components are usually joined by means of rivets.
Before a rivet can be installed, the sheets to be joined have
to be positioned. Where a rivet is required, a hole is drilled
and, if necessary, counter-sunk. After de-burring, the rivet is
placed loosely into the hole.

During riveting the rivet is loaded in axial direction,
depending on the riveting method, either by an intermittent or
a continuous force (gun or press) such that the shank piece
projecting through the sheet-stack is deformed. This is the so-
called "riveted head" or upsetting. The diameter of the riveted
head depends on the riveting force. The higher the riveting force,
the greater the diameter of the riveted head.

The dimensions of the riveted head must comply with
specifications from rivet and aircraft manufacturers. This means
that

D must be between 1,25 d and 1,67 d
and H must be between 0,33 d and 0,67 d
The nominal sizes are D,,. =1,5 d

Hyw =0,5 d

A large diameter of the riveted head improves the clamping-on
of the sheet-stack. This is favourable for the life-time of the
riveted joint. The extent to which the rivet-shank fills the hole,
also depends on the riveting force. The higher the riveting force,
the better the hole-filling. With sufficient riveting force even
n"yidening out of the hole" may occur as consequence of shank (or
slug) expansion of the rivet. Widening out of the hole extends
the lifetime of a riveted joint considerably. Since the diameter
of the riveted head is easily measurable at any time - as opposed
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to the riveting force - the diameter of the riveted head is seen
as the quality defining parameter.

In the art of aircraft-construction the following alloys are

mainly used:

alloy code shear-strength N/mm? deformability

mild hard
2117 T3 AD 207 1,7-1,8d
2017 T31 D 234 1,8-1,9d 1,4-1,5d
2017A T31 S 255 1,8-1,9d 1,4-1,5d
2024 T31 DD 282 1,8-1,94 1,4-1,54
7050 T73 KE 296 1,5-1,6d

To obtain the required deformability the D-, S- and DD-rivets
first have to undergo a heat-treatment; comprising:
- solution-heat-treatment (for 30 minutes at 500° C)
=~ quenching in cold water
- storage, until use, in a freezing box at -20° C

After withdrawal from the freezing box the D and S rivets
(slugs) must be riveted within 2 hours;DD rivets must be riveted
within 20 minutes. The whole process around the heat-treatment
requires quite some logistics effort.

In automatic drilling/riveting machines (ABK’s) the solution
heat-treated rivets cause much more jamming of the equipment,
involving additional time and possibly leading to product-
rejection. Rivets which are not riveted within the prescribed
period, are thrown away. Owing to the very short processability
time of DD-rivets, they are no longer used.

It would be of great advantage, if the solution-heat treatment
would not be required. However the application of non-heat-treated
rivets is subject to restrictions, in view of the great forces,
which are necessary for deforming the cylindrical rivet shank-end
to a riveted head of greater diameter, said forces mostly leadincj
to crack~formation in the riveted head. Experiments have confirmed
these expectations. The findings are as follows:
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AD-rivets
These are non-heat-treated rivets which - with a shear strength

of 207 N/mm®> — are relatively weak, but sufficiently ductile to
be easily cold-deformable without heat-treatment.
D-, S-, DD-rivets

If D or S or DD-rivets are riveted when non-heat-treated, there
will occur an inadmissible crack-formation at an expansion of
the riveted head of more than 1,4 to 1,5 d. The riveting force,
necessary for the formation of riveted heads of 1,4 d is not high
enough for a good widening out of the hole. The lifetime of the
riveted joint is, in this case, considerably lower.
KE-rivets

They are applied, non-heat-treated:; due to their relatively
high shear stress, they are harder than AD-material, such that
great forces are necessary for the cold~-deformation during the
riveting process. Therefore they do not allow - due to crack
formation -larger riveted heads than 1,5 to 1,6 d; thus no good
widening out of the hole can occur. Here, too, the life-time is
lower than that of solution heat-treated D or S rivets. Moreover
KE rivets are considered to be susceptible to stress-corrosion.
This type of rivets is the subject of an article written by
Reinhall, Ghassaei and Choo in
"Journal of Vibration, Acoustics, Stress and Reliability in
Design" volume 110, nr 1, 1988, pp. 65-69.

3. The novel riveting method

The object of the invention is to eliminate these objections
in providing a method of yielding - with non-heat-treated D &
S rivets - a joint being stronger and having a longer life-time
than joints with non-heat-treated AD rivets or with heat-treated
D or S rivets. Moreover the process is more economic.

The method according to the invention is characterized in that
for the aluminum-alloy use is made of material with a minimum
shear-strength of 230 N/mm®. This alloy obtains in the hardened
state a high strength due to precipitation hardening, whereas
the rivet-punch surrounds the shank-end thus broadly that the
expansion of the head to be formed from said shank-end as a
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consequence of cold deformation remains within the limit, above
which crack-formation can occur.

The process is based upon the fact that the riveted head is
not formed by a flat punch but by a punch which surrounds the
riveted head such that while working with greater riveting forces,
the expansion of the riveted head is restricted to a value
excluding the formation of cracks in the riveted head.

Thus high riveting forces and therefore a good widening out
of the hole are possible, resulting in a longer life-time, as
has been demonstrated with comparative experiments.

Due to the cold-deformation of the rivet shank, the static
strength increases by 15 to 20% with respect to heat-treated
rivets, and by 40 to 50% with respect to rivets which in accordance
with the conventional method do not need a solution heat-treatment,
such as AD rivets. The protruding length should be taken between
1,0 d and 1,25 d, which in view of the many hundreds of thousands
of rivets per aircraft yields a saving in weight of many kg’s.
The dimensions of the riveted head satisfy the specifications
mentioned in section § 2.

Advantages

- solution heat-treatment not necessary;

- cold storage not necessary:;

- unlimited processability time;

- more economical use of rivets (due to less scrap of rivets);
- greater static strength;

- longer life-times;

shorter time of passage because an important source of
disturbances of automatic drilling-riveting machines (ABK’s) can

be eliminated;

- the product documentation need not be modified;

- saving in weight;

~ repair of damage can be done in places having no solution heat-

treatment facilities;
- less product-rejection due to a better controllable riveting

process.
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The known method, described in the article mentioned in the
introduction, deals with the riveting of aluminium AD-rivets.

The material is mild, so the riveted joint, obtained therewith,
is not strong. The rivet-punch applied in the known method, does
not give a good enclosing around the shank-end; this does not
pose any difficulty for this relativeiy mild material: The diameter
of the riveted head can be expanded to D = 1,8 d without cracks,
so that a good widening out of the hole can be obtained.

In modern aircrafts the sheet metal assembly of fuselage and
wings is exposed to higher forces, due to the higher speeds,
accelerations and decelerations. This asks for stronger riveted
joints, for which AD-material is inappropriate.

In order to obtain strong riveted joints the inventor has fixed
- as mentioned in the characteristic clause of claim 1 - on
aluminium-alloys having a shear strength of at least 230 N/mm?®,
and a good enclosing of the shank-end by the rivet punch to keep
the cold-deformation of the head to be formed, within certain
limits.

In the method according to the invention the shape of the rivet-
punch can still further be improved in that the broadly surrounding
rivet punch is provided with a profile, the central part of which
having a shape being complementary to that of the shank-end, so
that the rivet punch obtains a self-centring function.

This self-centring function of the rivet punch does not exist
in the known method (of Speller & Randolph). There, the profiling
of the rivet punch takes the shape of small cups, with which self-
centring is impossible. Therefore the known method is not
appropriate to manual operation, but exclusively suited to fully
automatic operat;i.on. This is a disadvantage; for, most riveting
activities on an aircraft have to be done manually.

Preferably the method according to the invention is executed
such that as the aluminium alloy use is made of an alloy from

the Alcoa 2000 series having the denominations 2017,2017A or 2024.
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Another possibility to benefit from the method according to
the invention is that in which for the aluminium alloy use is
made of an alloy from the Alcoa 7000 series with a minimum shear
strength of 280 N/mm? .

Preferably the present invention is herewith conducted such
that for the aluminium alloy is used an alloy with the denomination
7050.

The invention is further concerned with a rivet produced from
the alloy-material to be used in the present method as well as
with a rivet, riveted by the present method.

Further the invention concerns a rivet punch to be used in
the present method, characterised by a stepped contour of the
profile, provided with a central part, having a shape being
complementary to that of the shank-end to be cold-deformed, of
the rivet to be riveted.

Moreover the protection, given by the invention, extends also
to the riveted joint, obtained by the application of the present
method or of the present rivets in combination with one or two
rivet punches.

The invention will be explained herebelow whilst referring
to the figures of the attached drawings, in which

Figures 1 to 5 show various phases of the conventional method
with non-heat-treated rivets of relatively mild material (e.g.
AD-rivets) or with solution heat-treated rivets of relatively
hard material (e.g. D-,S-, DD-rivets);

Figures 6 to 8 show different phases of the known Speller &
Randolph method with non-heat-treated rivets (e.g. AD-rivets):;
and

Figures 9 to 18 show various phases of the method according
to the invention with non-heat-treated rivets (e.g. D~, S-, DD~
or KE-rivets).

Fig.1l successively depicts the plate-stack 10 to be joined,
consisting of two (or more) plates or sheets 11 and 12, with a
hole 13, being drilled therein, after the sheets 11 and 12 have
been clamped together in preparation of the riveting treatment.
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In the hole 13 is put a rivet 15 provided with a rivet-head 16
and a shank 17 having on its free extremity a pilot edge 18, if
any. When the rivet 15 is placed into the hole 13, part 19 of
the shank 17 protrudes through the plate-stack 10. From this part
19 the riveted head 20 has eventually to be formed during the
riveting process. The rivet is an AD-rivet, not very strong, having
a shear-strength of 207 N/mm® . ,

To perform the riveting process proper, the rivet is placed
between two rivet punches (or cup-tools): an upper rivet punch
21 and a lower rivet punch 22. In the conventional method use
is made of flat punches, as shown in Fig. 1-5. Between such punches
there cannot be question of self-centring.

Despite this, manual operation is possible. This is, because
the non-heat-treated (AD) material is rather easily cold-
deformable (rather mild). Due to this easy deformation a good
riveted head is formed; expansion till 1,8 d without crack-
formation is possible. At the same time a good widening out of
the hole is obtained, resulting in a long life-time.

The only objection is that the rivet joint obtained with these
(AD) rivets is not very strong.

In fig. 6-8 three phases of the known method of Speller &
Randolph are shown. The rivets used in this method are non-heat-
treated and of relatively mild material, as e.g. AD-rivets. Insofar
there is similarity with the conventional method, as explained
with reference to fig. 1-5. The difference is that Speller &
Randolph do not make use of flat punches, but of cup-shaped
punches. However the profile used by them is not suited for self-
centring, so that the riveting process can only be performed in
fully automatic operation. This is a disadvantage, because - as
said - the fully automatic operation covers only a minor part
of the total riveting work.

The authors of the known method evidently do not consider this
as a disadvantage, for they just strive to substitute the tools
of the manual operation for riveting machines developed for
automatic production, in which the machine-actions must be
repeatable. The following explanation refers to figures 6-8.
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In fig.6 is shown a plate-stack 30 consisting of plates or
sheets 31 and 32, in which a hole is drilled, bounded by the hole
wall 29, said hole showing at its top a recess or countersink
44. Into the hole is stuck a rivet shank 37, whose circumference
34 is in engagement with the hole wall 29. The shank 37 projects
through the plate-stack 30 above and below. This gives a shank-end
35 at the upper side and a shank-end 39 at the lower side, from
which during the riveting process the heads 36 and 40 resp. (Fig.8)
are formed. To this end use is made of an upper and lower rivet
punch 41 and 42 resp., which contain a recess 45 and 46 resp..
It will, however, be clear that the cup-shaped profile 46 of the
rivet punch 42 is not able to centre the shank-end 39 to a
sufficient extent so that manual operation is extremely difficult
here, and one depends exclusively on fully automatic operation.

In fig.7 the two slug (shank)-ends 35 and 39 have already under-
gone a certain expansion. In the recess 44 is formed - during
this riveting process - a counter-sunk riveted head 36; the part
36a projecting beyond the stack is automatically milled off after
the riveting process.

In fig.8 the riveting process is finished, and an upper head
36 and a lower head 40 resp. has been formed from the shank-ends
35 and 39.

Figures 10-18 serve as illustration of the method according
to the invention in which a rivet of the D-,S-,DD- or KE-type
is used,separately illustrated in Fig.9. These are alloys, which
have obtained, by precipitation-hardening, a high (shear) strength:
more than 230 N/mm* .Fig.16-18 show the riveting joint of Fig.
13-15, but now without rivet punches 61,62.

An important difference from the conventional and the known
method resp., shown in fig. 1-5 and fig. 6-8 resp., is that here
the lower die 62 is profiled such that the lower-end of the shank
57 - with or without centring edge 58 - is surrounded by the
profiling of the punch thus broadly that the expansion of the
shank-end 59 during the riveting process remains within the limit,

above which crack formation can occur.
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The method is best employed by using a punch having in the
central part a profile being complementary to that of the shank-
end, possibly provided with a centring edge 58 (38,18), such that
the punch is self-centring.

In fig.10 it is clearly shown that the lower rivet punch 62
has a stepped profile 70 with the parts 67,68 and 69, in which
its central part 68,69 is complementary to the shape of the shank-
end or the centring-edge 58 resp. of the shank 57. In this way
the construction is self-centring, so that the riveting process
in the manual operation can be performed very well.

In fig. 11-18 different phases of the riveting process are

shown, from which it becomes clear that despite the hard starting
material of the rivet 55 - in comparison with the non-heat-treated
rivet 15 from mild (AD) material or the solution heat-treated
(D,S,DD or KE)-rivet from hard material in the conventional method
resp. the non-heated-treated (AD) rivet from mild material in
the known method - the cold deformation of the riveted head 60
from the shank-end 59 is performed in such a way that a widening
out of the hole 53 occurs.
The gap 53, which initially existed (fig.10 and 11), has
disappeared in the later phases (fig.12 and following), in which
notably in the end phase (£ig.15,18) it can be seen that the wall
54 of the shank 57 of the rivet 55 has forced back the wall 49
of the plate-material 50, said wall bounding the hole 53, with
respect to its original diameter; see the dotted line 54 in fig.
15 indicating the original rivet-diameter, and the continuous
line 49, indicating the hole-wall after widening out of the hole.
In reality this is a widening of a few procents, but it is
represented in the figure strongly exaggerated.
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From Fig. 9-18 the merit of the invention becomes clear, namely

the fact that the shank-end, from which the upper- and/or lower
head has to be formed, is surrounded by a local hollow punch,
of which the inner contour is initially spaced from the (still)
untreated shank-end. By this the expansion of the head to be formed
is limited to 1,4 d to 1,5 d, such that no crack-formation can
occur.
At the same time such great pressure forces can be exerted onto
the rivet-shank without any danger (for a too great expansion
of e.g. the riveted head) that the rivet shank expands radially
and provides a sufficient widening out of the hole.
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Claims
1.A method of joining several metal sheets by using non-heat-

treated rivets made from an aluminium alloy, if any provided with
a rivet head, in which rivet punches - being used for forming
the riveted head and, if any the rivet head - surround the shank
end in question, whereas the two rivet punches exert on the rivet
such forces that one (riveted) head or, if any, two heads are
formed, without the the occurrence of cracks in the head, while
at the same time sufficient widening out of the hole takes place,
characterized in that for the aluminium-alloy use is made of
material with a minimum shear-strength of 230 N/mm*.

2.A method according to claim 1, characterized in that the broadly
surrounding rivet punch is provided with a profile, the central
part of which having a shape being complementary to that of the
shank-end, so that the rivet punch obtains a self-centring
function.

3. A method according to claim 1 or 2, characterized in that as
the aluminium alloy use is made of an alloy from the Alcoa 2000
series having the denominations 2017,2017A or 2024.

4. A method according to claim 2, characterized in that for the
aluminium alloy use is made of an alloy from the Alcoa 7000 series
with a minimum shear-strength of 280 N/mm°.

5. A method according to claim 4, characterized in that for the
aluminium alloy is used an alloy with the denomination 7050.
6. A rivet produced from the alloy-material to be used in the
method according to any one of claims 1-5.

7. A rivet riveted from the alloy-material to be used with the
method according to any one of claims 1-5.

8. A rivet punch to be used in the method according to any one
of claims 1-5,characterized by a stepped contour of the profile,
provided with a central part, having a shape being complementary
to that of the shank-end to be cold-deformed, of the rivet to
be riveted.

9.A rivet punch to be used for joining together the sheets or
plates of a plate-stack by means of rivets made from an aluminium
alloy, which rivet punch surrounds the rivet shank-end to be
deformed with such a broad profiling that the expansion of the

b
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shank-end(s), from which the head(s)of the rivet is to be made
by plastic deformation, remains within the limit, above which
crack-formation can occur, in that the said broad profiling shows
a stepwise course, of which the central part has a shape which
is complementary to that of the shank-end to be deformed of the
rivet to be riveted and is therewith self-centring.

10. A riveted joint obtained by the application of the method
according to any one of claims 1-5.

11. Ariveted joint obtained by the application of rivets according
to claim 6 or 7 in combination with one or two rivet punches

according to claim 8 or 9.
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AMENDED CLAIMS
[received by the International Bureau
o on 17 August 1992 (17.08.92);
original claims 1-11 replaced by amended claims 1-12(2 pages)]

1. A method of joining together the metal sheets ot
a stack of sheets by means of rivets made from an alu-
minium alloy of high strength obtained by precipitation
hardening in hardened state, said rivetes if any provi-
ded with a rivet head, in which rivet-punches - being
used for forming the ‘riveted (upset) head and, if any,
the rivet head - surround the shank end in question,
whereas such forces are exerted on the rivet by means
of the two rivet punches, that one (riveted) head or,
if any, two heads are formed, without the occurrence of
cracks in the head(s), characterized in that an alumi-
nium alloy is used, made from material having a minimum
shear strength of 230 N/mm*;
the rivets are riveted in the non-heattreated state the
rivet punch is used as a unitary rivet punch, surroun-
ding the shaft end such broadly that radial expansion
of the shaft end is limited at a given moment, in that
the rivet punch partly engages part of the circumferen-
ce of the shaft end, wherein further deformation of the
shaft causes an axial movement of the material of the
expanded shaft end, resulting in a swelling of the
rivet hole.

2. A method according to claim 1, characterized in
that the broadly surrounding rivet punch is provided
with a profile, the central part of which having a
shape being complementary to that of the shank-end, so
that the rivet punch obtains a self-centring function.

3. A method according to claim 1 or 2, characterized in
that as the aluminium alloy use is made of an alloy
from the Alcoa 2000 series having the denominations
2017, 2017A or 2024.

4. A method according to claim 2, characterized in that
for the aluminium alloy use is made of an alloy from
the Alcoa 7000 series with a minimum shear-strength of
280 N/mm?.

5. A method according to claim 4, characterized in that
for the aluminium alloy is used an alloy with the
denomination 7050.

6. A rivet produced from the alloy-material to be used in
the method according to any one of claims 1-5.

7. A rivet riveted from the alloy-material to be used with
the method according to any one of claims 1-5.

8. A rivet punch to be used in the method according to any
one of claims 1-5,characterized by a stepped contour of
the profile, provided with a central part, having a
shape being complementary to that of the shank-end to
be cold-deformed, of the rivet to be riveted.

9. A rivet punch to be used for joining together the
sheets or plates of a plate-stack by means of rivets
made from an aluminium alloy, which rivet punch sur-
rounds the rivet shank-end to be deformed with such a
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12.
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broad profiling that the expansion of the shank-end(s),
from which the head(s)of the rivet is to be made by
plastic deformation, remains within the limit, above
which crack-formation can occur, in that the said broad
profiling shows a stepwise course, of which the central
part has a shape which is complementary to that of the
shank-end to be deformed of the rivet to be riveted and
is therewith self-centring.

A riveted joint obtained by the application of the
method according to any one of claims 1-5.

A riveted joint obtained by the application of rivets
according to claim 6 or 7 in combination with one or
two rivet punches according to claim 8 or 9.

Aircraft made by any of the preceding method

claims 1 to 5, and/or with the rivet, and/or rivet
punch and/or the riveted joint of any of the preceding
claims 6 to 11.
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