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ABSTRACT

In the past, a number of models and measuring systems have been developed at
the Institute for Metal Forming to change the shape of large structural components,
in particular those in use in the aerospace industry, with which the degree of
coverage of the shot and the shot distribution on the surface of the peened
component during the forming process could be determined. The latest
development, a system for on-line measurements of the velocity of shot particles
with diameters between 0.3 mm and 10 mm, enables a compiete documentation of
the peening process during both shot peen forming and hardening. Such a control
of the most important peening parameters allows shot peening to very narrow
tolerances and is of decisive importance for quality assurance.

This contribution will primarily expiain the principle of the velocity measurement.
The experimental part of this report will describe the relationships between the
shot velocity and the peening parameters of acceleration pressure and shot flow.
Furthermore, a measurement of the shot rebound velocity during shot peen
forming wil be presented. The dependence of the Almen intensity on the pre-set
shot velocity in a further application of the process wil be investigated.

KEYWORDS

Shot velocity, shot rebound velocity, Aimen intensity, degree of coverage,
controlled shot peening

INTRODUCTION

Shot peen forming is a partially effective forming process derived from shot peen
surface hardening (1) in which the desired overall forming of the component is
achieved through a large number of statistically distributed shot impacts. The
cross-section of the peened component is partially or completely plastified
depending on the velocity and mass of the incident balls to generate both convex
and concave curvatures of the component.
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The latest development in the

field of shot peen forming of spherically curved large structural components relates
to a quarter tank bulkhead for the ARIANE 5 rocket. This development work has
been carried out in co-operation between Shot Peen Center Aachen GmbH,
Daimler-Benz Aerospace AG and the Institute for Metal Forming of Aachen
Technical University (5). The consistent use of the methods developed for a
controlled shot peen forming (6) has proven that a quarter segment of the ARIANE
5 tank bottom can be manufactured within a very short space of time.

Apart from the models to determine the degree of shot coverage and shot
distribution on the surface of the component, the process developed in Aachen
can alsoc be used for an on-line measurement of the shot velocity. This
measurement of the shot velocity allows the peening process to be performed with
the accuracy necessary for industrial-scale operation.

The physical parameters of the peening process, in particular the shot velocity and
mean shot mass, are important factors in shot peen hardening too. Peening tests
with different sizes of shot were carried out during the course of our work (7). The
shot velocity was hereby chosen so that the Almen intensity remained constant
during peening with the different sizes of shot used. Subsequent examinations of
the residual stresses induced in the workpiece resulted in different depth curves.
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These considerations show that a knowledge of the physical parameters during the
forming process is important for both shot peen forming and shot peen hardening.
This is why the principle of velocity measurement which was successful in the field
of shot peen forming was transferred to shot peen hardening. The first prototype
permits the measurement of the shot velocity between 5 and 100 m/s, whereby the
shot should at present have a minimum diameter of 0.3 mm. The measuring
equipment can be installed directly below the acceleration nozzle to enable a
measurement of the shot velocity during the forming process.

CONTROLLED SHOT PEEN FORMING

A two-dimensional distribution, which can be described by a Gaussian distribution,
usually occurs beneath the acceleration nozzle of a pressure or injector-gravitation
shot peening unit. The shot velocity beneath the acceleration unit can easily be
measured with a photoelectric barrier. The nozzie is hereby moved vertical to the
photoelectric barrier and the detected signals per unit of time are simultaneously
recorded depending on the nozzle position (8,9) (Fig. 1).

As already explained in (8),
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forming process.
THE PRINCIPLE OF SHOT VELOCITY MEASUREMENT

In this contribution the shot velocity is measured by recording the time it takes for a
shot particle to cover a defined distance. Photoelectric barriers are installed at a
defined distance directly at the outlet of the acceleration nozzle.

During shot peen forming, and in particular shot peen hardening, there is always a
large quantity of shot between the two photoelectric barriers, making a clear
classification of the shot particles recorded at the first and second photoelectric
barriers impossible.

The velocity of the shot can nevertheless be determined with the aid of a statistical
interpretation of the signal sequences registered at the two points of measurement.

The necessary preconditions are:

1. The number of shot particles registered in a measuring time interval is always
much larger than 1.
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2. In a freely selectable measuring interval the majority of the shot particles supply
signals to both the first and second point of measurement.

3. The individual shot particles move independently of one another.
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peen hardening.
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Figure 5: Shot velocity of 1 mm balls accelerated with an
erated by this par- pressure nozzle as a function of the jet
ticle. At this point pressure. The shot flow was varied in the
in time of the individual series of measurements.

measurement, all
that can be said is
that a time interval
has been recorded which corresponds to the time actually required by the particle
to travel the distance between the photoelectric barriers. If this measurement is
repeated, the actual time required is recorded in each measuring cycle whereas
the random times will be distributed over a larger time interval. This procedure thus
provides an accumulation point at the time interval corresponding to the actual
velocity of the individual shot particle (Fig. 2).

Fig. 3 shows the velocity distribution of a shot with a diameter of 1 mm determined
using this method. The velocity can be clearly determined in this application case
on the basis of the position of the accumulation point. The signal-to-background
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ratio improves, the more balls recorded during the measuring time, which is why
the accuracy of the velocity measurement increases with smalier shot.

The principle for a measurement of shot velocity presented here can also be used
to measure the velocity of rebounding balls without changing the set up of the ap-
paratus. The photoelectric barriers are simply installed directly above the surface
of the peened workpiece.

When determining the rebound velocity, it has to be remembered that the rebound-
ing balls first pass the lower photoelectric barrier and then registered by the upper
photoelectric barrier after a certain time interval. The velocity distribution which is
of interest here results from the distribution of the recorded negative time intervals.
In this case, the position of the accumulation point provides the actual rebound
velocity of the shot.

The distribution of the rebound velocity is not affected by the incident balls since
the signals generated by these balls are randomly distributed in a negative time
direction.

RESULTS OF EXPERIMENTS

Fig. 4 shows the shot velocity determined using this measuring method as a
function of the acceleration pressure with a variation of the shot flow for various
shot sizes. The shot with a diameter of 6.35 mm was accelerated using an injector-
gravitation nozzle in the tests, whereas the smaller shot with a diameter of 1 mm
was accelerated in a pressure jet system.

Using an injector-gravitation nozzle, the relationship between the shot velocity and
acceleration pressure is linear, irrespective of the size of the shot used. It can also
be seen that the pre-set shot flow has a significant influence over the shot velocity.
The higher the shot flow, the lower the resulting velocity of the shot. If the shot flow
is varied between 5 and 20 kg/min, the variation in the relative velocity is between
10% and 20%.

With the pressure jet system, the pre-set system pressure is used simuitaneously
to convey and accelerate the shot. The energy required to convey the shot is not
converted into kinetic shot energy. It is thus to be expected that the pre-set shot
flow has a great influence over the shot velocity. This effect is shown in F ig. 5. The
actual shot velocity changes by up to 30 % at a constant jet pressure and de-
pending on the pre-set mass flow.
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Figure 6: Snapshot of the velocity distribution of incident and rebounding balis
after 7 s peening time (upper illustration) and 640 s peening time (lower
illustration)
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On the whole, these complex relationships between the shot velocity, acceleration
pressure and shot flow show that the measurement of the shot velocity is
indispensable for a defined shot peen process.

The results of a further application for the new process are shown in Fig. 6. This
shows the velocity distribution of the incident and rebounding balls after 7 s
peening time and after 604 s peening time. It can be seen that the velocity of the
incident balls is independent of the peening time whereas the velocity of the
rebounding balis changes with the peening time. Fig. 7 shows the velocity of the
rebounding balls as a function of the expected hits on an infinitesimally small area
on the surface of the component (material AIMg3; thickness 10 mm). It can clearly
be seen that the rebound velocity of the balls (steel balls with a diameter of 6.35
mm) increases with an increasing number of hits per unit area and
asymptomaticaily converges on one value. The material at that point becomes
harder with each hit. The change in form brought about by the balls is reduced
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Figure 7: The rebound velocity of the balis
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Figure 8: The Almen intensity curves for various shot velocities

correspondingly, leading to a higher rebound velocity.

The relationship between the Almen intensity and shot velocity was investigated
using the measuring system presented here for the field of shot peen hardening.
During the series of tests performed, shot with a grit of 0.5 mm was used. The
quantity of shot per unit of area required to achieve an Almen intensity of between
0.1 mm A and 0.6 mm A is approx. 0.3 g/mm?. The quantity of shot per unit area is,
to a large extent, independent of the shot velocity, as the Aimen intensity curves
recorded show (Fig. 8).

Fig. 9 shows the Almen intensity determined in the tests as a function of the
velocity of the incident balls. There is a simple linear relationship between the
Almen intensity and the shot velocity.

On the basis of these results, and using the models and methods to calculate the
shot distribution on the surface of the component already presented, the actual
pre-set Almen intensity can be specified through an additional measurement of the
shot velocity during the preening process.
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Figure 9: The Almen intensity as a function of the velocity of incident steel balls
with a diameter of 0.5 mm

SUMMARY

The Institute for Metal Forming of the RWTH Aachen has been involved in shot
peen forming since the beginning of the seventies. Over this period, various
components, in particular for the aerospace industry, have been developed to the
series production stage on the institute plant. Shot peening has hereby proven to
be a very flexible forming process since the same tools (balls) can be used for
various components.

The physical parameters recorded in the tests, namely the shot velocity and
degree of shot coverage, which are of central importance in shot peen forming,
allow a controlled production process to very strict manufacturing tolerances.

The measuring system can also be used to characterise the shot peen process for
shot peen hardening, as the relationship between the Almen intensity and shot
velocity described here has shown. Using this measuring system, it will in future be
possible to specify the desired workpiece characteristic values in terms of the
coverage and shot velocity. The peening process could be documented within
strict limits analogous to the shot peen forming process with a corresponding on-
line control of the shot parameters.

The forming process has been implemented on an industrial scale by the Shot
Peen Center Aachen GmbH, a subsidiary of the Beteiligungsgesellschaft Aachener
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Region mbH. The Shot Peen Center produces components by shot peening for
various application cases according to customer specifications.

A special word of thanks to the Deutsche Forschungsgemeinschaft (DFG), who
supported the basic research into shot peen forming, and the Ministerium far
Wirtschaft, Mittelstand und Technologie of North Rhine-Westphalia who sponsored
the peening plant.
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