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TITLE OF THE INVENTION

A Splicing for Interconnected Thin-Walled Metal Structures

ABSTRACT OF THE DISCLOSURE

A rivet splice that holds an upper and a lower sheet metal end
5 portion together includes at least one row of rivets that 1is
subject to dynamic loads and a further row of rivets that holds
the sheet metal end portions together so that a limited sliding
motion between the sheet metal end portions 1is possible. The
further row of rivets is positioned between an end edge of an

10 upper sheet metal end portion and the at least one row of rivets.

The limited sliding motion provides a load relief of the at least
one row of rivets thereby reducing the starting of cracks at the

walls of the rivet holes and impeding the spreading of cracks.
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FIELD OF THE INVENTION

The invention relates to a device, also referred to as splicing,
for connecting thin-walled sheet metal end portions to each other
in an overlapping contact surface area. At least one row of
rivets subiject to c¢yclical or dynamic loads 1s arranged 1n the
overlapping area for splicing the two sheet metal end portions

to one another.

BACKGROUND INFORMATION

At the present time rivet connections described above are the

predominantly used splicing connections in aircraft construction.
In such conventional splicing connections an interlocking 1s
achieved between the parts to be interconnected by a mechanical
interlocking of geometric shapes to thereby provide an
interlocking splice connection. In such connections it 1is
necessary that the resistance of the inwardly facing walls of the
rivet holes 1in the i'ndi.vidua-l sheet metal portions and the
shearing resistance of the rivets must be larger than the loads
externally applied to the splice. Conventionally one or several
rows of rivets are used in such splices of mutually overlapping
sheet metal end portions, whereby full volume rivets, tight fit
rivets, threaded rivets, or blind rivets are used. Typical
examples for the connection of thin-walled structures are
longitudinal and cross seams, as well as seams surrounding a
repalired skin section. A multitude of rivet connections in an

aircraft, particularly an aircraft body skin, is of basic
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importance for the flight characteristics of an aircraft. The
rivets are 1ndividually dimensioned for the particular riveted
splice taking- into éccount the type of rivet, the size of the
rivets, the spacing between the rivets and so forth, particularly
paying attention to the\ local static and dynamic loads. In this
connection it is an essential requirement that the splice has a
high useful 1life and 1is substantially free of the need for

inspections or requires only few inspections.

During the operation of an aircraft large areas or sections of
the aircraft structure are subject to cyclical or dynamic tension
loads. As a result, the components made of metallic materials
are exposed to the potential danger of fatigue due to crack
formations followed by crack progression or crack creeping.
Individual cracks and particularly widespread fatigue damage
caused Dby cracks can substantially reduce the strength
characteristics of these metal components. These fatigue
characteristics must be taken into account when inspection
intervals are scheduled. 1In aircraft construction the thin-
walled structures which have been optimized ..with regard to weight
reduction are frequently subject to a high secondary bending load
component, whereby a low crack resistance duration occurs which
simultaneously requires a high inspection effort and expense.
A secondary bending has been observed to occur when the load axis
and the neutral phase are not identical in a structural
component. For example, in the case of a splice interconnecting

two overlapping sheet metal end portions the load axis and the

neutral phase are staggered relative to each other.
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OBJECTS OF THE INVENTION

In view of the foregoing it is the aim of the invention to

achieve the following objects singly or in combination:

to 1ncrease the fatigue strength in riveted splice

connections having a high secondary bending component;

to prevent, or at least reduce, the formation of cracks

and their spreading;

to provide such splice connections with an improved
crack progression characteristic and to reduce the stress on

conventional rows of rivets; and

to place an additional specially constructed row of
rivets between an end edge of an end portion, such as a sheet

metal end portion and a conventional row of rivets.

SUMMARY OF THE INVENTION

A splice between thin-walled structural components formed by at
least one dynamically or cyclically loaded row of rivets is
improved according to the ihvention by a further row of rivets
positioned between an end edge of an end portion and the first
mentioned row of rivets. The additional row of rivets is so
constructed or provided with features that hold the two end

portions together while simultaneously permitting a relative
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motlion 1n the contact surface area between the two end portions,

which are preferably sheet metal end portions.

Such an additional row of rivets constructed according to the
invention has the advantage that particularly the conventional
rivet row next to the additional rivet row is relieved at least
partially of its high dynamic loads while the additional row of
rivets 1s primarily exposed to a secondary bending load. The
additional row of rivets extends preferably in parallel to the
at least one conventional row of rivets. The reduction of the
maximum tension load in the conventional rivet row or rows as
achieved by the invention leads to an increased useful life with
regard to crack formations. More specifically, the beginning of
crack formations i1is reduced. Similarly, crack spreading
following the formation of any crack is also reduced. Another
advantage of these features according to the invention is seen
in that the time intervals between inspections may be longef,
thereby reducing the effort and expense for the inspection of
such splice connections. This advantage 1is particularly
important for riveted splices in aircraft because unscheduled

dead times on the ground have been eliminated by eliminating

additional inspections that were required heretofore.

Another advantage of the invention is seen in that additional
methods can be employed.for'a targeted reduction of the locally
effective maximum tension load. One such method involves work

hardening. More specifically, a rivet hole is plastically

deformed in the radial direction by widening the rivet hole for
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generating in the wall of the rivet hole tangentially effective
residual compression stress which counteracts the effective
tension load on the rivet hole. It is known from eXperimeht that
this work hardening is relatively ineffective in a structure
subject to a large secondary bending load. However, it has been
found that the work hardening of the rivet holes in combination
with the invention can develop its full effectiveness in the
conventional rivet row or rows because the additional rivet row
according to the invention has deflected secondary bending loads
from the conventional rivet rows by taking up such secondary
bending loads itself. More specifically, secondary bending loads
are now primarilly effective only in the additional rivet row
which neutralizes such bendihg 'loads by the limlted relative

movement between the sheet metal end portions.

A still further advantage of the invention is seen in that the

flight characteristics of an aircraft have been improved by the

teaching of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be clearly understood,'it will
now be described in detail in connection with example embodiments

thereof, with reference to the accompanying drawings, wherein:

Fig. 1 1s a perspective view of a conventional splice of an

aircraft structural component in its deformed state;
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ils a sectional view of a conventional splice between
two sheet metal end portions showing three rows of

rivets as 1n Fig. 1;

1s a schematic 1llustration on an enlarged scale of
the lower sheet metal end portion 1llustrating the

stresses that occur in the wall of a rivet hole;

is a view similar to Fig. 3 showing force components

effective 1n a rivet hole;

shows a schematic sectional view through a splice

according to the invention;

shows one embodiment of a rivet connection according
to the invention with a necked—-down rivet shaft and a

threaded collar for tightening the rivet;

1s a view similar to that of Fig. 5, however showing

an enlarged diameter rivet hole in the upper sheet

metal end portion; and

1s a view similar to that of Fig. 6 with a rivet shaft
provided with a shoulder and an enlarged rivet hole in

the upper sheet metal end portion.
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DETAILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS AND OF THE
BEST MODE OF THE INVENTION

Figs. 1 to 3 illustrate a conventional rivet splice connhectilon
between skin sections 101 and 102 of an aircraft structure 100.
Three rows R1, R2 and R3 of rivets form the splice 103. During
operation of an aircraft the so constructed aircraft structure
100 1s exposed to a cyclical or dynamic tensional load, which
causes locally a bending load which flexes the splice as shown
within the dashed circle in an exaggerated manner in connection
with sheet metal materials that are conventionally used for the
construction, for example of an aircraft body skin. There is the
potential danger of material fatigue, particularly in the splice
accompanlied by crack formations following by crack spreading or
crack progression. Individual cracks, and particularly the
interaction of a plurality of cracks causing a widespread fatigue

damage may substantlally reduce the strength characteristics of

the aircraft structure.

Referring to Fig. 2, the bending load effective in the splice is
referred to as a secondary bending which is caused by the fact
that the two tension loads F1 and F2 are not effective in the
plane of the interface also referred to as contact surface area 5
between the overlapping end portions of the two skin sections or
end portions 101 and 102. Rather, the forces Fl1l and F2 are each
effective centrally in the respective end portion, whereby a
lever arm "A" is formed between the two forces F1l and F2 as. shown
in Fig. 2 to generate a bending moment. The location of the

maximal secondary bending is customarily in the outer row R1 of
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rivets 105. Particularly' in aircraft construction a high
secondary bending proportion can be observed in the thin-walled

structures in the first row Rl of rivets 105 next to an end edge

4A.

The fatigue strength that represents the duration between service
initiation and the beginning of cracks at the edge of a rivet
hole 1s influenced substantially by the locally occurring rﬁaximal
secondary bending or rather tension. Fig. 3 1llustrates the
tension distribution at a rivet hole 104 in the sheet metal end
section 101 in connection with an example of a single shear,
triple row rivet splice connection 103. The riveting performed
for the formation of the splice connection between the sheet
metal end portions 101 and 102 leads to a very inhomogeneous
tension distribution around the rivet hole 104. In a simplifying
approach 1t 1s possible to interpret the 1locally occurring
maximal tension o, as a superposition of three individual load
situations. Thus,
Opax>= NAC1 + 02+ AC3

wherein the first load situation involves a

plane plate with\an empty rivet hole exposed to a

longitudinal load Fl1 (Fl1l - Aoci), the second load situation

involves a

plane plate with a filled hole and a pin load (F2 - Ac2),

the third load situation involves a

plane plate with an empty hole exposed to bending (M; -

AC3) .
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The location of the maximal secondary‘ bending in a multi-row
longitudinal éplice 103' is normally the outer rivet row 105 which
1s thus referred to as a fatigué critical rivet row. The
initiation of a crack 106 takes place first at the edgé of a

rivet hole 104 in this row.

Fig. 4 1llustrates a rivet splice connection according to the
invention. A sheet metal end portion 2 with an end edge 4A
overlaps a sheet metal end portion 3 along an oVerlapping area
4 to provide a contact surface area 5 along the overlap 4 of a
splice 1. Displaced from the end edge 4A there are provided, for
example three conventional rows 6, 6' and 6" of rivets. As
explained with reference to Figs. 1 to 3, the fatigue critical
rivet row is the row 6 positioned closest to the end edge 4A 1in
the overlapping area 5 Between the sheet metal end portions 2

and 3.

According to the invention the fatigue critical rivet row 6 1is
partially relieved of the above discussed loads by a rivet row
7 positioned according to the invention between the end edge 4A
and the row 6, whereby the ~f::itignufe strength of the splice
connection having a high secondary bending proportion is
increased and the crack propagation is correspondingly reduced,
that i1s improved. For this purpose the maximal tension in the
critical initially outer rivet row 6 is reduced by reducing the
secondary bending moment proportion Ac3 to a minimum. This is
achieved by the additional rivet row 7 which is primarily exposed

only to the secondary bending proportion Aos3. The 1initially
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critical outer rivet row 6 has now become the second rivet row

which is exposed to a significantly reduced bending load.

By positioning the additional rivet row 7 preferably in parallel
to and between the end edge 4A and the row 6, the additional
rivet row 7 reduces the load to which the conventional rivet row
6 is exposed in a conventional rivet splice 103. The bending
loads are also reduced 1n the -fivet row 6' and 6" and this
reduction in all three conventional rivet row 6, 6' and 6" leads
to a prolonged duration between putting the structural component

into service and the occurrence of a crack. Simultaneously the

crack progression 1s reduced.

According to the invention the additional rivet row 7, features
rivets 8 that provide a clamping force in the direction of the
longitudinal axis 9 of a rivet shaft 10 to provide a positive
interlocking to keep the sheet metal end portions 2 and 3 in
contact with each other. Thus, a vertical displacement of the
sheets 2 and 3 1is prevented by this positive interlocking.
However according to the invention, features are'provided that
permit a horizontal relative displacement or motion between the
two portions 2 and 3. This horizontal relative motion is impeded

only by friction, but not by a positive interlocking.

Fig. 4 shows a first embodiment of a rivet 8 having a rivet head
17, a rivet shaft 10, and a rivet closure 18. The shaft 10 is
provided with a larger diameter portion and with a smaller

diameter portion 11 to form a gap 12 between the reduced diameter
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rivet shaft portion and the facing wall of the respective rivet
hole. The clamping force 1in thé axial direction of the rivet
shaft 1s only large enough so that the first sheet metal end
portion 2 can move rel_ative to the second sheet metal end portion
3 under the influence of the fespective friction force. The gap
12 between the wall of the rivet hole 13 and the reduced diameter
shaft portion 11 permits this relative motion. Simultaneously,
the larger diameter portion of the shaft 10 is fully fitted and

snugly engaged with the rivet hole 14 in the second sheet metal

end portion 3.

Figs. 5, 6 and 7 show structural embodiments of rivet
constructions 8, 8' and 8" according to the invehtion. In each
embodiment so-called "Hi-Lok" (Tradename) fitted rivets are used
with a threaded shaft and an internally threaded closure ring or
so—called high lock collar 19 (Tradename) is used. A groove oOr
recess 20 in the upper sheet metal portion 2 permits the top
surface of the rivet head 17 to be flush with the top surface of
the upper sheet metal end portion 2. It is preferred that a
press—-fit or interference fit is provided between the rivet hole

14 in the lower sheet metal end portion 2 and the respective

shaft portion of the rivet shaft 10.

In the embodiment of Fig. 5 the rivet shaft has a neckéd~down
portion 11° which performs the same function as the reduced
diameter section 11 in Fig. 4. The length of the necked-down
shaft portion in the direction of the cehtral longitudinal rivet

axls 9 is selected in accordance with the thickness of thé sheet
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metal 1n the recess 20 on which the rivet head 17 is bearing.
It 1s preferred, that the axial length of the necked-down portion
is slightly larger than the thickness of the just mentioned sheet
metal portion on which the rivet head 17 is bearing. This
feature makes sure that the horizontal motion of the sheet metal
portions 2 and 3 relative to each other is impeded primarily by
friction rather than by the axially extending clamping force.
The clamping force and the friction force can be optimized by a

defined torque moment applied to the rivet closure ring or collar

19.

In the embodiment of the rivet 8' of Fig. 6 the rivet shaft 10
has a uniform diameter throughout its length and the relative
motion is made possible by a rivet hole 15 in the upper sheet
metal portion 2 that has a diameter sufficient to provide for the
gap 12 between the inwardly facing Wall of the rivet hole 15 and
the shaft 10. Here again the axlal clamping force and the
horizontal friction force can ~be‘ad‘justed by a defined torque
moment applied to the ring collar ‘19 that has an 1internal
threading cooperating with an externe’;l threading on the rivet

shaft portion protruding out of the lower sheet metal end

portion 3.

Fig. 7 shows an embodiment similar to that of Fig. 6, however in
addition to the enlarged diameter rivet hole 15 in the upper
sheet metal end portion 2, the rivet shaft has a shoulder 16 with
an enlarged diameter relative to the rivet shaft portion passing

through the respective hole in the lower sheet metal end portion

_ 13 —
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3. Here again the gap 12 around the shoulder 16 permits a
relative horizontal motion of the sheet metal portions 2 and 3.
The shoulder 16 provides a positive interlocking in the‘verﬁical
directlion parallel to the central axis 9 of the rivet 8". The
desired clamping force and friction force can again be adjusted

by the thread collar closure collar 19.

In all embodiments the recess or groove 20 is so-dimensioned,
that a sufficient play is permitted between the edges of the

recess 20 and the rivet head 17 to permit the desired limited

relative motion between the end portions 2 and 3.

Although the invention has been described with reference to
speclfic example embodiments, it will be appreciated that it is
intended to cover all modifications and equivalents within the

scope of the appended claims. It should also be understood that
the present disclosure includes all possible combinations of any

individual features recited in any of the appended claims.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows.

1. A splice for connecting thin-walled components to
each other, said splice comprising a first end portion of a
structural component, a Second end portion of a further
structural component, an overlapping contact surface area between '
sald first and second end portions, at least one row of rivets
subject to dynamic loads and passing through said first and
second end portions and through saild overlapping contact surface
area, a further row of rivets extending between an end portion
edge and sald at least one row of rivets, said further row of
rivets comprising means holding said first and second end
portions together while simultaneously permitting a relative
motion of said first and second end portions in a direction

parallel to sailid overlapping contact surface area.

2. The splice of claim 1, wherein said second row of
rivets comprises rivets including said holding means in the form
of a rivet head, a rivet shaft, and a rivet closure for providing
a positive interlocking force 1n a direction parallel to a
central axis of said rivet shaft and for further providing a
slidable fit in said direction parallel to said overlapping
contact surface area, said positive interlocking fbrce-providing

friction in said overlapping contact surface area.

3. The splice of claim 2, wherein said rivet shaft

comprises a first shaft section with a first shaft diameter

- 15 —
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fitting snugly into a first rivet hole in one of said first and
second end portions, and a second shaft section having a second
.diameter smaller than said first shaft diameter, said second
smaller shaft diameter providing a ga§ between sald second shaft
section and a wall of a second rivet hole in the other end

portion of said first and second end portions for permitting said

limited relative motion.

4. The splice of claim 2, wherein said rivet shaft
comprises a uniform shaft diameter between said rivet head and
said rivet closure, said first end portion having a first rivet
hole with a hole diameter providing a snug fit between a wall of
said first rivet hole and said rivet shaft, sald second end
portion having a second rivet hole with a hole diameter larger
than said uniform shaft diameter thereby providing a gap between
said rivet shaft and a wall of said second rivet hole for

permitting said limited relative motion.

5. The splice of claim 3, comprising a press-fit or
interference fit between said first shaft diameter and a wall of

salid first rivet hole.

6. The splice of claim 4, comprising a pres‘s-—fit or
interference fit between said rivet shaft and a wall of said

first rivet hole.
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7. The splice of claim 2, whereln said rivet shaft
comprises a shaft shoulder for clamping one of said first and

second sheet metal end portions.

8. The splice of claim 2, wherein said rivet shaft has
such an axial shaft length that a defined clamping force is
applied to said first and second sheet metal end portions when

sald rivet 1is set.

9. The splice of claim 2, wherein said rivet shaft has
a threaded shaft end, and wherein said rivet closure comprises
a closure ring or collar with an internal threading cooperating
with said threaded shaft end for applying an adjustable clamping

force to said first and second sheet metal end portions.

10. The splice of claim 2, wherein said rivets in said

second row of rivets are "Hi-Lok" fitting rivets each including

a "Hi—-Lok" collar.

11. The splice of claim 2, wherein said first and
second end portions are sheet metal end portions and wherein said

first and second sheet metal end portions comprises a recess for

receilving said rivet head.

12. The splice of claim 1, wherein said further row

of rivets extends in parallel to said at least one row of rivets

that is subject to dynamic loads.
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