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ABSTRACT

A new high speed forming process for fatigue rated index head rivets used in wing panel assembly using ball-screw based servo

squeeze actuation has been developed. The new process is achieved using a combination of force and position control and is capable of
forming to 40,000 Ibs at rates of up to 200,000 Ibs/second whilst holding the part location to within +/— 10 thousandths of an inch.

Multi-axis riveting machines often have positioning axes that are also used for fastener upset. It is often the case that while a CNC is

used for positioning control, another secondary controller is used to perform the fastener upset. In the new process, it has been possible

to combine the control of the upset process with the machine CNC, thus eliminating any separate controllers. The fastener upset force

profile is controlled throughout the forming of the rivet by using a closed loop force control system that has a load cell mounted

directly behind the stringer side forming tool.

Panel assembly where the components are not pre-tacked is referred to as a ‘one-up’ process. This process requires that aircraft parts be rigidly

and precisely fixtured, and that the fastening processes do not result in excessive part motion. The recently developed riveting process uses a

separate position control loop and a position sensor to hold the location of the panel during rivet squeeze to within +/—0.010".

CITATION: Haworth, P., Peterson, D., and Hayes, C., "Integrated Ball-Screw Based Upset Process for Index Head Rivets Used in Wing
Panel Assembly," SAE Int. J. Aerosp. 8(1):2015, doi:10.4271/2015-01-2491.

INTRODUCTION

A high speed rivet upset process has been developed to support the
requirements of a new one-up wing panel manufacturing cell. The
new all-electric process replaces an existing hydraulic process, whilst
also supporting the transition from 2024 aluminum alloy rivets to
7050 aluminum alloy. The development of the new process was
largely driven by two requirements. Firstly, rivet interference and
fatigue life of the fastened joint had to meet strict requirements.
Secondly the one-up nature of the manufacturing process necessitates
rigid clamping of aircraft parts in a fixture which meant in turn that
the riveting cycle had to have near zero aircraft part motion during
the upset process. The new process can be distinguished from
existing published ‘no-wink’ processes(1) in that it is designed for
index-head rivet upset using servo motor actuation.

The overall architecture of the fastening cycle will be documented in
this paper, focusing on design elements of the process that are
considered to be novel in the field. The different stages of the rivet

forming process will be discussed, and an explanation of the findings
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into how varying different parts of the upset changed the interference
pattern of the final riveted joint. As part of the effort to meet the
riveted joint specification, and to improve overall cycle time, a
significant focus of the development effort was paid to speeding up
and improving efficiency of the fastening process. This paper
discusses those efforts and also the technical challenges associated
with high speed riveting and how they were overcome.

One-up assembly (where the aircraft parts are not pre-tacked
together) requires that aircraft parts are rigidly held in an assembly
fixture to maintain the configuration and shape of the finished
product. This presents challenges for the design of the fastening
process since traditional single sided rivet upset results in motion of
the part as the rivet forms. The technical requirements of one-up
assembly riveting, the design of the upset system and the principles
of the control architecture and the performance of the actual system
are included in this work.
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MECHANICAL UPSET ARRANGEMENT

Figure 1. Vertical fastening machine overall arrangement.

The newly developed rivet upset process uses a multi-axis servo
driven arrangement for fastener forming. The same axes used in
machine positioning also serve as the fastener forming axes. Figure 1
shows the overall vertical panel assembly machine arrangement(2).
Figure 2 shows the upset axis arrangement.

Skin side pressure foot

Wing panel and stringer

Figure 2. Mechanical upset arrangement.

Upset is primarily achieved by motion on the stringer side of the
machine. However, servo motors controlling the skin side clamping
head, and the skin side upset axis also move during fastener forming
in order to control aircraft part motion.

Rivet Process Overview

The new upset process consists of the following stages;

1. Insertion. Using a high speed skip move which ensures accurate
positioning in countersink. A sensor on the front of the upset
tool detects when the rivet has bottomed out in the countersink
(Figure 3).

2. Servo/Servo move. To ensure that all of the forming load is
imparted into the rivet (and not into the surrounding panel
surface) the servo driven pressure foot is lifted off the surface
of the wing. Simultaneously the servo driven upset tool drives
forward to maintain contact with the head of the rivet and
ensures no part motion during this step (Figure 4).

3. Rivet forming. Forming is broken down into 4 stages. This is
done so that the ramp rate can be varied at each of the 4 forming
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stages (elastic, plastic stage 1, plastic stage 2, final plastic)
(Figure 5).

4.  Dwell. The target forming load is maintained for a period of
time defined as the dwell.

5. Ramp down. Load is ramped down to a zero load level.
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Figure 3. Rivet insertion and seating in the countersink.
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Figure 4. During the Servo/Servo move, the head is pinned into the
countersink by the squeeze axis.
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Figure 5. Upset occurs from the stringer side, as the skin side moves to
maintain part position.

Figure 6 shows the key characteristics of a traditional, previously-
established rivet upset profile. The basic process parameters are

forming rate, target upset force, dwell and rﬁ) 60&% ent S
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A =Gmd Load overall ramp down rate to be increased, the ramp down is
=Actual Load accelerated as opposed to being applied linearly.

Load

Gradual transition

Forming Process Software Control Loop

Dwe“ This paper describes a forming process that uses servo actuation from
both sides of the fastener. The stringer side of the fastener upset
Ram p controls the application of force as described in the previous section.

U nram p The skin side of the fastener upset controls the motion of the forming
rivet and aircraft part as the fastener is upset. The whole forming process
typically takes 200ms - 400ms to complete, and during this time the skin
side forming axis must move to ensure that there is close to zero net part

Undesirable lag

motion. This is achieved by using a positional command based on the

5 expected amount of motion it would take to form the head of the rivet,

Time
Figure 6. ‘Classic’ rivet upset profile. motion sensor built into the skin side pressure foot that measures motion
of the panel and is accurate to 0.0001".

and a separate active positional command that is adjusted dynamically
during the upset process. This ‘active’ part of the motion uses a panel

Figure 7 shows the characteristics of the newly developed upset process.
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U N ramp Figure 8. Skin side forming axis process control loop.

Stage 1 Plastic Ramp Figure 8 shows the control loop design for the skin side forming axis.
A proportional/derivative loop was used to handle the feedback from
the panel motion sensor at an interval of 1ms. The output from this
Elastic Ramp loop is added directly to the output of the CNC's own position loop
> every 8ms. This combined position command is then used to drive
T| me the skin side upset axis to maintain near zero part motion throughout
the rivet forming process.

Figure 7. Improved rivet upset profile.
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The following features were developed to improve the performance

of the rivet forming process; 0.008
25000

1. Variable upset ramp rate. The rate at which the rivet forms
at different stages of the upset process can be specified 20000 9.004
independently. Varying the rate at different stages of forming
affects the interference distribution along the length of the rivet.
Figure 7 shows that the actual load response can be improved by
manipulating different sections of the commanded load profile.
Note the reduction in the undesirable lag seen in figure 6.
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2. Optional overshoot amount. The commanded load profile can 5566 oo

include a deliberate overshoot. It was found that by engineering -0.006
a deliberate overshoot to the profile, the sharpness of the , oo
transition to the target load could be improved. Note that in 100 200 300 400 500 600 700 800 900 1000 1100
figure 7 the transition is far less gradual, i.e. the rate of change sl
of load (dF/dt) is maintained at a more constant value up to the
target load level. Figure 9. Plot of panel motion during upset. Docu ments
3. Accelerated ramp down in load. To reduce the amount of
mechanical shock when ramp down starts, and to allow to Document Shari ng Hub
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