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ABSTRACT

The highest quality and reliability are essentially required particularly in aircraft
engines and airframe components for securing safe flights where the failure of a
single component part can lead to a serious disaster. In recent years, extreme
reliability is demanded for shot peening as a key process in the aircraft parts
manufacturing. Under these circumstances, the demand of manufacturers of
these important aircraft components for peening machines and equipment
capable to achieve the highest peening quality is quite severe.

In 1998, the company (shortened as SB) where the authors of this paper belong,
developed the shot peening machines capable to monitor and record the
treatment conditions stipulated in AMS2432B of SAE standard, and since then,
this type of machines using magnetic shot have been introduced to a number of
manufacturers of aircraft components. In the same period of time, there was quite
a strong demand in the market for the equipment using non-magnetic shot, but
left unsatisfied due to such technical problem of difficulty in monitoring blasting
rate.

With this background, SB started to develop the shot flow sensor capable to
detect flow rate of both magnetic and non-magnetic shot, and the development
was completed successfully. The new flow sensor enabled SB to develop the
machine capable to monitor and record the treatment conditions of Glass Peening
using glass beads and ceramic media.

The following descriptions introduce the basic schematic of shot peening
machine with monitoring system, practical case example as well as the capability
performance of shot flow rate sensor.
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1. Shot Peening machine with Monitoring System

Shot peening is the treatment process to blast out numerous pieces of fine shot
with accelerated speed, making the shot particles collide with the surface of
metallic target work at a high speed. The collision of shot covers the surface of
metallic target work with countless number of dents, the surface hardness is
increased, a higher compressive stress is imparted to the surface zone, and it
improves fatigue strength. The evaluation of this treatment is assessed by the arc
height value and coverage result of Almen test specimen processed under the
same conditions as the actual work against the result of destructive test of the
actual work. Therefore, the key is whether the treatment was performed under the
correct conditions or not. This section explains the peening equipment using
magnetic shot.

1-1) Determining Factors in Shot Peening Machine
For stabilizing and maintaining the quality of shot peening, it is essential to
monitor and control the multiple determining factors. The factors are as follows.

Items Factors
Shot particles Material, hardness, shape, size
Blasting nozzle Distance between nozzle point and work surface, angle,
moving speed, shot flow, blasting air pressure
Work to be peened Movement, speed

» The material and hardness of steel shot are generally stabilized by the quality
control during the manufacturing process of shot makers (including SB), but the
diameter will become smaller due to wear, and shape will become irregular due to
breakage during peening treatment. Even if the round shot is used, it will become
irregular when broken. Accordingly, the devices mentioned below will become
necessary.

@ Sifter to regulate the size of shot. (Sifter with netting to separate oversize and

undersize)

@ In case of using round shot, shape sorting machine.

- The effect of shot flow blasted from the nozzle and the blasting air pressure is
significant. It is important to have a device for constant monitoring and
controlling.

What is required for nozzle, in case of stationary type, is the toughness.
However, if it is mobile, the controlled reproducibility by using servo-motor or
other controller will be essential in addition to toughness.

- In case the work is also moving, the controlled reproducibility of motion by
using servo-motor or similar precision controller will be indispensable.

- High accuracy and the control system within the tolerable range of process will
be imperative for the highly determining factors.

1-2) Basic Construction of Peening Machine

There is a limit for human control of the whole machine. However, human control
is also needed. The SB peening machine incorporates human-controlled type
monitor. The basic construction is shown in “Schematic of Peening Machine with
Monitoring System”. The control of equipment is effected by Sequencer through
the controllers of each device, and PC functions as monitoring device and
performance data collector only.

1-3) Practical Case Example
The practical case example of peening treatment of disc part is shown in
“Practical Case Example”.
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2. Flow Rate Sensor

The material of blasting media used for peening treatment diversifies to a wide
range such as various metals, glass, ceramic, etc., and the selection is mainly
depending on the required peening intensity to be imparted to the work surface.
The monitoring system explained in the above section is capable to cope with
magnetic shot, but the system can not possibly monitor the blasting flow rate
(shot flow rate) of non-magnetic shot. For monitoring the flow rate of
non-magnetic shot, it is necessary to have a different but suitable sensor. In this
section, the flow rate sensor developed by SB is introduced.

The flow rate sensor is of electrical capacitance type, and consists of D
Indicator and @ Flow Sensor proper. The specification and capacity are stated
below. The main feature is that the flow sensor is applicable for both magnetic or
non-magnetic blasting media. The problem here is the fact that the sensing
element is exposed to the abrasion of blasting media flow, and the intensity of
abrasion varies greatly depending on the type of blasting media used.

For protecting the sensing element, alumina-based protector tube is adopted. This
tube is easily replaceable when worn out.

The detecting accuracy is £ 5% FS when the protector tube is new. Periodical
calibration is required.

Type BF-120-09 BF-120-15
Suitable Blasting Method Suction System Pressure System
Measuring Detecting Range 50 ~ 500 g/min 0.2 ~ 14 kg/min
Target Blasting | Size About 20um ~ 0.5 mm About50um ~ 1.2 mm
Media Material Blasting media (metallic, ceramic, glass, etc.)
Property Non-adhesive dry powdery material
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Future Development Plan
= Accuracy and durability for
various powdery media.
- Development of media supply
system in feedback control
based on the data detected
by sensor. End




