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Introduction and objectives
Shot peening process is generally controlled by Almen intensity and coverage rate measurements.
The results of the shot peening surface treatment depend on the process parameters (type of
machine, nozzle, shot type, mass flow, velocity, impact angle) and on the properties of the treated
parts (material behaviour, roughness). Previous studies have investigated the control of shot
peening via measurement of the global flow characteristics [1, 2, 3]. Developing experimental
methods to characterize a particle flux is useful to obtain the contact conditions of the shot peening
process (location, velocity vector) on any interesting geometry. Using a high speed camera, this
study aims at the analysis of the flux of shots ahead of the nozzle of a shot peening machine. In this
study two set of process parameters are investigated:

S1: P=1 bar, D=3 kg/min

S2: P=1 bar, D=13 kg/min
Quantitative evolution of the particle velocity and density in the flux is studied.

Methodology

Experimental set-up for high speed acquisition

The shot peening machine used is a Wheelabrator cabine installed at IRT M2P laboratory. Figure 1
shows the experimental set-up used for the high speed video acquisitions. One linear nozzle with a
10 mm diameter is used. The shot peening process is controlled by the air pressure P (bars) and the
flow rate of shots D (kg/min). S230 steel shots are used.

The lighting of the scene is set inside the cabine with a cold DECOOL projector positioned behind the
nozzle and a LED projector at the top of the particle flux (Fig. 1a). A high speed Photron SA5 camera
is positioned outside the peening cabine in front of the window using a 28x105 mm lens. To obtain a
good contrast, a white paper background is fixed behind the particle flux. No surface has been
positioned in front of the nozzle to avoid the observation of shot beads after bouncing.

For each process parameters acquisitions are carried out in two zones, 0 to 120 mm (zone 1) and
120 to 140 mm (zone 3) ahead of the nozzle exit. Image acquisitions are triggered when the
pressure control and mass flow rate sensors are stabilized.

The software Photron Fastcam Viewer is used for high speed image acquisition. The image size is
896x704 pixels, the acquisition speed is 12 000 frames/s with a shutter time of 1/69000 s. An
average duration of 0.3 second is captured.

Figures 2 and 3 show respectively instant images of the particles flux between 0 and 120 mm (zone
1) ahead of the nozzle and between 120 and 240 mm (zone 3) for the process parameters S1 and S2.
The flux appears denser when the mass flow rate is higher. In Figures 2 and 3, X and Y represent
respectively the horizontal and vertical directions. Since 2D images are obtained, all the particles
including the ones out of the focal plane are observed. No treatment has been applied to distinguish
the particle according to their position in Z direction.
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Nozzle

High speed camera
Background

Figure 1 : Experimental set-up. (a) Lightning and background (b) High speed camera positioned outside of the shot peening
machine.

Figure 2 : High speed image acquisition in zone 1 (0 to 120 mm ahead of the nozzle) with different process parameters:
left: S1- P=1 bar, D=3 kg/min; right: S2- P=1 bar, D=13kg/min.

27 18 19 20 21 22

Figure 3 : High speed image acquisition in zone 3 (120 to 240 mm ahead of the nozzle) with different process parameters:
left: S1- P=1 bar, D=3 kg/min; right: S2- P=1 bar, D=13kg/min.
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2D Velocity analysis using particle tracking and DIC technique

A set of 400 consecutive images is analysed for each zone and set of process parameters. Automated
particle tracking using the Trackmate plugin [4] available in FIJI software is performed. A black and
white local image adjustment is applied to the image sequence. The tracks of the particles are
filtered in order to remove spurious tracks (Figure 4). The velocities of representative individual
particles are output versus time. After particle tracking, the presented data are averaged over an
area in X and Y directions. Particle count is also obtained.

Digital image correlation (DIC) analysis are carried out using Vic2D [5]. The motion of a subset
(71x71 pixels) of several particles is tracked on consecutive images. Figure 5 gives a representation
of the displacement field that can be obtained from the DIC post-treatment of the high speed images.

Results and analysis
Analysis are performed with the two shot peening conditions (S1: P= 1 bar, D=3 kg/min, S2: P=1
bar, D=13 kg/min) for particle tracking. For DIC, the parameters are P= 1 bar, D=8 kg/min.

Velocity measurements
Figure 6 shows the velocity measurements ahead of the nozzle on a distance of 120 mm in zone 1
for the two sets of parameters. It can be observed that the higher the flow rate, the lower the

Figure 5 : DIC measurements of the displacement of a set of particles in motion (P=1 bar, D=8 kg/min).
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Figure 6 : Velocity measurements (particle tracking) in direction X and Y in a zone from 0 to 120 mm ahead of the nozzle for
process parameters S1: P= 1 bar, D=3 kg/min; S2: P=1 bar, D=13 kg/min.
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Figure 7: Velocity measurements (particle tracking) in direction X and Y in a zone from 120 to 240 mm ahead of the nozzle for
process parameters S1: P= 1 bar, D=3 kg/min; S2: P=1 bar, D=13 kg/min.
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average velocity of the particles in direction X (Vx). The velocity Vx is higher in the centre of the
blast and an acceleration of the particles is measured from the output of the nozzle to a distance of
120 mm. In figure 7, the velocities from 120 mm to 240 mm (zone 3) ahead of the nozzle is shown.
The acceleration in the centre of the flow to a velocity of 40 m/s compared to the output velocity of

25 m/s (process parameters S1).

Figure 8 shows the velocity magnitude (V = /sz + Vyz) obtained using DIC technique over two

consecutive images with the conditions P= 1 bar, D= 8 kg/min. This result is in good agreement with

data obtained by particle tracking.
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Figure 8 : DIC measurement of velocity magnitude (mm/s) for conditions P=1 bar, D=8 kg/min. X and Y axis in pixels.
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Figure 9 : Particle density measurements (particle) in zones 1 and 3 ahead of the nozzle for process parameters S1: P=1 bar,
D=3 kg/min; S2: P= 3 bars, D=13 kg/min. Duration: 1/30 s. Average over a section of 5mm?2.
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Density measurements

The information of the particles detected by the particle tracking method is also used to count them
over a duration of 1/30 s. Figure 9 shows the density of particles in zones 1 and 3 for process
parameters S1 and S2. The density takes into account the particles that are out of the focal plane
(direction z). This information about density can be linked to the strike density of the particles on a
surface (linked to the coverage rate).

Conclusions

Particle velocities and distribution in a shot peening blast ahead of a nozzle have been measured
using high speed camera image acquisitions. Each single particle can be tracked in order to observe
its flow using automated particle tracking. DIC has also the ability to obtain the average velocity of a
subset of particles.

In this study, since 2D images have been obtained, a statistical post-treatment has to be carried out
on the presented data. 3D measurements with an additional synchronized high speed camera would
give additional information.

Those techniques and the obtained data will be used to understand the interaction between the flow
of particles and a complex surface to investigate the effect of the shot peening process.
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