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Abstract

The riveting parameters strongly affect residua¢sses induced during riveting, which in turn
have an impact on the fatigue life of riveted jsirince rivets are established as critical from th
fatigue point of view, the fatigue life of rivetguints often determines the life of the whole
structure.

The authors were able to become acquainted witleethriveting instructions (process
specifications) used by the aerospace companiesn fi@stern Europe. This work presents the
analysis of the riveting parameters' influence esidual stresses around the rivets. The impact of
the clearance between a rivet shank and a hole els ag driven head dimensions and a rivet
length were investigated based on the numericallsiions. The aim of the analysis was to
determine the range of stresses variation whenrg¢lg@irements of the riveting instructions are
fulfilled. For the purposes of comparison, the cddtions were performed also with the
parameters as specified in the Polish industry déeids. For all calculations, the geometry of the
universal rivet MS20470 was used.

The results show that residual stresses can vaongly depending on the parameters in the
instructions and standard requirements.
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INTRODUCTION

Riveting joints represent a critical area of adute in respect of fatigue crack nucleation. The
fatigue life of riveted joints often determines tfagigue life of a whole structure. This is the
reason that rivet installation requires specialecand is performed by qualified technicians
according to internal instructions (process speaiions).

The fatigue life of riveted joints depends on tbimf geometry, including the rivet shape [1, 2],
and a range of technological factors, of which shaeezing force is particularly important. The
clearance between the rivet shank and the hollsdascansidered an important factor [5]. This is
connected with residual stresses induced duringfing around the rivet hole. Radial stresses are
always compressive. The sign of the tangentiaksé® depends on squeezing force, rivet type,
clearance and distance from the rivet. Compressirasses are beneficial because they restrict
fatigue crack nucleation and growth, which consetjyeéncreases the fatigue life of a joint.
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THE AIM AND SCOPE OF THIS WORK

The authors were able to become acquainted witkethiveting instructions used by the
aerospace companies from western Europe, refeoréd this paper, due to the requirements of
confidentiality, asVestl (W1), West2 (W2) and West3 (VWABg paper [6] contains the analysis of
requirements in these instructions.

The influence of the riveting technological paraengetwas investigated by a number of
researchers [3, 4, 5, 7, 8]. In this paper, the@stanalysed a range of a stress variation when th
requirements of the instructions are fulfilled éoselected rivet type, diameter and sheet thickness
The analysis concerned a hole diameter, rivet kerdyiven head diameter and height specified in
the instructions as well as the rivet shank diamstecified in the rivet standard. The analysis was
performed with FE calculations.

Selected for the investigation was the universaRP®¥F0 rivet with the 3.2 mm diameter made
of 2117 aluminium alloy which joints two sheets maadf 2024 T3 aluminium alloy with
a nominal thickness of 1.27 mm. For the purposesoafparison, additional calculations were
made with the parameters according to the Polidhstny standard BN-70/1120-03 defining the
rivet length, driven head diameter and height a#i a® the hole diameter. According to this
standard, the tolerance of a hole diameter is eigua0.1 mm for a rivet diameter of 3.0 mm and
+0.15 for a rivet diameter of 3.5 mm. The authaesided to use a clearance of 0.12 mm for the
analysed rivet with a diameter of 3.2 mm. Moreotee, geometry of the universal rivet MS20470
was used, but a shank diameter tolerance defingdeblolish industry standard for the aerospace
brazier head rivets BN-70/1121-06 was adopted. WMi$20470 standards require a chamfer or
a radius at the shank edge when according to thehF®8N-70/1121-06 standard, the shank is cut
perpendicular to its axis. In view of this factetbalculations with the parameters according to the
Polish standards were performed on the model wittouadius on the shank end. These
calculations, marked as ‘BN’ were performed only hee case of the minimal clearance between
the rivet and the hole (maximum rivet diameter amdimum hole diameter).

FE MODEL
The FE model of the riveted joint was prepared wvilie use of four-node axisymmetric

elements (Fig. 1). It contained the rivet and theainding area within a radius of 50 mm. The
model consisted of about 6, 500 elements and 7n6@es.
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b)

Fig. 1. The FE model, a) central part, b) whole mglcand boundary conditions

The nonlinear implicit algorithm (MSC MARC) was asto simulate quasi-static riveting on
the press. Contact phenomena including friction @ladtic-plastic properties of the materials were
taken into account. The stick-slip friction modeasvused with the friction coefficient equal to
0.42 for kinematic and 0.34 for static friction [9]he material model for the sheets was prepared
based on the monotonic tests performed by the tedry prof. M. Skorupa within the IMPERJA
project. In the case of the rivet, the material siddom [1(Btad! Nie mozna odnalezé¢ zrodia
odwotania] was used.

Material models
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Fig. 2. Material models used in calculations

The tools used in riveting (hold-on and press sdangre modelled as rigid surfaces. The hold-
on was fixed. At first, sheets were clamped nearivet by forces distributed on the sheet surface
to simulate the effect of the sleeve used in theting set. Then, the force controlled stamp stiarte
to squeeze the rivet. The squeezing force roststmaximum value and then decreased to zero.
The force values were selected such as to obtainetjuired dimensions of a driven head. The
calculations were performed in a similar way asdbed in [8].

INVESTIGATED CASES

Both the riveting instructions and the rivet stanidadefine diameters of holes and rivets as
well as diameters of driven heads and their heighte tolerances. In the case of the Polish
industry standard BN-70/1120-03, a minimum heighaariven head is specified without any
tolerances. Fig. 3-4 present allowable diametetsotds and rivets as well as dimensions of driven
heads according to the documents investigated.
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Fig. 3. Diameters of holes and rivets accordingitwestigated documents
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Fig. 4. Dimensions of driven heads according to estigated documents

The authors decided to analyse the cases with meiend minimum stresses. The cases with
a maximum and minimum clearance between a rivetaandle, fulfilling requirements of at least
one of the W1-W3 instructions and the MS20470 saashdwere selected. It was assumed that
a negative clearance (interference fit) would notun (in such a case another rivet would be
selected) and the case of a minimum clearance nteantliameters of a rivet and a hole were
equal (3.25 mm).

The rivet length was selected with a special etjartaallowing for calculating the appropriate
value. In the analysed case, the W1-W3 instructimmosided the same number. Then, a length
closest to the calculated value was selected othtose indicated in the rivet standard. In thisecas
it was 7.14 mm. It is a supplementary length, whiefuires an additional symbol in the rivet
length code. The tolerance of the rivet length.250nm and this parameter was neglected in the
analysis. In the case of the BN-70/1120-03 standamrivet length for the analysed joint was 6
mm. Only the nominal value is specified by this uloent.

During riveting, the height of a driven head desesaand its diameter increases as squeezing
force increases. A driven head diameter or heighatches its limit value first depending on
a clearance between a rivet and a hole. In orddetiermine the cases when the squeezing force is
maximal/minimal, the calculation with high squeegiforce was performed and the graph of
momentary diameter and height of a driven head fasmetion of squeezing force was prepared.
The graphs were corrected for elastic spring bahlks calculation was performed for minimal and
maximal clearance according to the W1-W3 instrungtias well as for the minimal clearance and
other parameters according to the Polish indusénydards, designated as BN.
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In the case of the minimal clearance, the diameiéis rivet and a hole are the same for the
W1-W3 instructions (with the assumption that thgate/e clearance, i.e. interference fit, will not
occur). In the case of the maximal clearance,ithi Values are different for the W1-W2 and W3
instructions and separate calculations for thesesceere performed.

The limit values of the driven head diameter anglitedefined in the investigated documents
were marked in the graph (Fig. 5). Based on thaplyr the cases with maximal and minimal
squeezing force that fulfil the requirements oflesst one of the W1-W3 instructions (or BN
standard) were determined. Separate cases wenteskefer the maximal and minimal clearance
(W1-W3 instructions). In the case of the BN staddamly the cases for the minimal clearance
were analysed. The cases determined in this wag wealected in Table 1. The name of the case
indicates the instructions whose requirements vuefiled.

Dimensions of driven head as a function of riveting force
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Fig. 5. Diameter and height of driven head as a fttion of squeezing force. Horizontal lines
mark limit values according to analysed documents

Marking code: 1) Diameter and height curves: ‘D*iameter, ‘h* —height, ‘W1-W3' - clearance
according to W1-W3 instructions, ‘max_cl' — maxintdarance,
examples: ‘D*W1-W3_min_cl' — Diameter as a functiasf force, minimal clearance
according to W1, W2 and W2 instructions
2) Horizontal lines: ‘W1BN' —according to W1 ingttion and BN standard, ‘Dmax’ —
maximal diameter, ‘h_min’ — minimal height
examples: ‘W2_h_max’ — maximal height accordin@\@ instruction

The rivet length was the last investigated paramdiee calculations were performed for the
length of 7.14 mm and 7.92 mm (the closest valutad¢ocalculated value, which does not require
an additional mark in the length code). Moreovene tcalculation for the model with
a removed radius on the rivet shank end and aHeoigf.14 mm was performed. In these three
cases, the squeezing force value of 13 kN was used.
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All the analysed cases were collected in Table 1.

Table 1. Analysed cases

Name Hole Rivet Rivet Force Rivet diameter Driven
diameter | diameter | length [kN] [mm]; head
[mm] [mm] [mm] D/Do parameter height
[-] [mm]
Influence of driven head dimensions and clearance
WI1W2 ¢l min_Fmax 3.25 3.25 7.14 16.3 5.99; 1.87 1.36
WI1W2 cl max Fmax 3.32 3.15 7.14 17.4 5.99; 1.87 1.91
W1 ¢l min Fmin 3.25 3.25 7.14 8.4 4.94; 1.54 2.08
W1 ¢l max Fmin 3.32 3.15 7.14 7.3 4.65;1.45 2.09
BN cl min Fmax 3.3 3.3 7.14 10 5.09; 1.59 1.53
BN ¢l min Fmin 33 33 6.0 6.9 4.52;1.41 1.96

Influence of rivet length

17 14 337 3.15 7.14 13 5.57; 1.77 1.39

17 92 3.37 3.15 7.92 13 5.69; 1.81 1.60

17 14 cut 337 3.15 7.14 13 5.56; 1.77 1.44
RESULTS

Influence of the driven head’s dimensions and cleance

The radial (Sr) and tangential (St) stresses onstiet surface near the driven head for the
cases of clearance and driven head dimensiongmd&ianalysis have been presented in fig. 6-7.

Radial stresses
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Fig. 6. Radial stresses on the sheet surface n&éardriven head — clearance and force influence
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St [MPa]

The results show that residual stresses aroundudiiecan vary significantly within allowable
riveting parameters defined in the investigatedddiads and instructions. This has a strong impact
on the fatigue life of joint. It is particularly sible in the case of tangential stresses sinceaurie
where the tangential stresses are compressivehenglace of maximum value depend on the
riveting parameters. The most affective factorhis squeezing force level. Stress courses in the
case of maximal and minimal clearance are similéne squeezing force level is approximately
the same. Some differences exist for low forcedanihi the case of high forces stress courses are
almost the same. In the cases of calculations @ittensions according to the Polish standards,
stress courses are placed near the courses witfofoes according to the W1-W3 instructions.

Influence of length
Fig. 8-9 present radial and tangential stress esuns the sheet surface near the driven head for

the cases of the length influence analysis. Foistttee squeezing force, neither the difference of
one length interval nor the shape of the shank bade any significant influence on the residual
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Fig. 7. Tangential stresses on the sheet surfacamée driven head

— clearance and force influence

stresses. The biggest difference is in the locaiimam stress level near the rivet.



The Analysis of the Influence of Riveting Paranse8pecified in Selected Riveting Instructions...

Radial Stresses
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Fig. 9. Tangential stresses on the sheet surfacamée driven
head-rivet length influence

CONCLUSIONS

The paper presents the analysis of a stress variainge around the rivets for which the
requirements of the selected instructions and siasdare fulfilled. The results show that the
stress courses can vary considerably dependinyetng parameters. This is important since the
residual stress system is directly connected vaghfatigue life of joints.

The results show that the most decisive paramstdre squeezing force value. The clearance
between the rivet shank and the hole does not tagmificantly stress courses when the
squeezing force (driven head dimensions) is similar

The comparison of stress curves obtained for theanpeters according to the W1-W3
instructions and the Polish standards deservestiatte In the case of the Polish standards, the
range of stress variation is lower than for the W2-instructions, but stress curves are located
near the curves for low forces, which is disadvgetas from the fatigue point of view. It might
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be possible to significantly improve fatigue prdpes of joints riveted according to the Polish

standards without reducing tolerance (which gepsratiditional cost) by shifting the specification

range towards values connected with higher forthee. case marked as BN was created only for
the comparison purposes and does not exist in indugractise. The Polish standards define
a slightly different geometry of the rivet head andvet diameter equal to 3 or 3.5 mm (not 3.2
mm). These differences do not seem to affect tlessicourses in a meaningful way.
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