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Summary

» Quter surface temperature profile of the X-ray generator was
obtained with Infrared (IR) sensors

« Infrared sensors measurements were verified with data from installed
contact thermometers.

* Only two contact sensors are sufficient to estimate the technical
condition of the X-ray generator

» Measurements can be made by infrared cameras (IR sensors) only on
visible areas, or with contact sensors where not

« Oil flow patterns inside the X-ray generator cause the highest
temperature measurements at the unit edges

Objectives

Reliable measurement of surface temperature and estimation of
the possible highest temperature inside of X-ray generator made by
Smiths Heimann Gmbh of HS 100100V type.

Introduction

The modern Non-Intrusive Inspection Systems (NIIS) are

complicated machines that rely on X-ray generation and provide
detection capabilities, supported by state-of-the-art electronics, electro-
mechanics, software algorithms and solutions. They are the backbone of
air transportation security. Currently the commercial aviation is
impossible without NIIS. Thus, the adequate real-time evaluation of the
NIIS technical condition is critical for a smooth airport operation.
However, most of the NIIS operating worldwide are designed before the
Internet of Things (l110T) era, and they don’t have the capabilities to
provide information in real-time about their technical status.

A solution for condition-based and predictive maintenance,
developed recently (Predictive Maintenance Tool for NIIS -
PMTA4NIIS), aims to provide an early warning for possible failures
based on predictive algorithms using machine learning and Al
technologies [1]. That solution relies strongly on the technical data
collected from the NIIS itself, along with retrofitted sensors designed to
monitor different physical and environmental parameters [2].

Approach

In the present study, we propose a 2D thermal monitoring
approach as a new source of valuable data for estimating the x-ray
generator’s technical condition and input to the predictive models. The
study provides both semi-analytical and experimental results. The
proposed semi-analytical model has been compared with the
experimental results based on the large datasets (big-data), collected by
the sensors. The experimental setup consists of contact sensor arrays
combined with a distant infrared sensors system, to provide the
temperature mapping of the entire outer surface of the x-ray generator.
This data is used for the thermal model boundary conditions. The
examined x-ray generator is the most common type, equipped with a
stationary anode x-ray tube, mounted on an HS 100100V (Smiths
Heimann Gmbh). This x-ray generator type is widely implemented on
similar x-ray security inspection systems for luggage and cargo. The
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Selection of Data for Analysis

Potential modes of interest: regimes in which the operation of
the X-ray generators is independent of time (stationary regimes). The
most important of them is the operation of the equipment in a
continuous scanning mode that is the normal operation of HS 100100V
type machines. During the operation of any machine, the following three
modes can be differentiated: Starting (S), normal operation (NO) and
shut-down (SD). Task set is to study the stationary regimes of NO
because they are important for future analysis of reliability and
predictive maintenance implementation.

All IR sensors were mounted at 140 mm from generator surface
to avoid data from pixels at the FOV edges, because of the lower
accuracy £3.0C. With special calibration sets we found that distance
between two pixels is v:h = 8:6 mm in average. From S33 and S36 we
could not obtain reliable data and found that only results from S34 and
S35 are sufficient.

Estimation of IR Sensors Resolution

The assessment of the resolution of the IR sensors was carried
out as follows: In laboratory conditions, a hot-tip solder was placed in
front of the camera at various fixed distances. A sequence of images is
used to determine the spatial sensitivity of the IR sensors. The results
show in a decrease in the resolution of the cameras with an increase in
distance.
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Analytical Results

Two characteristics can be indicators for operational conditions
of X-ray generator: surface temperature and oil density. Surface
temperature is used for evaluation of internal temperature near X-ray
tube.
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| Parameter | Description | Value |

Oil heat transfer coefficient  0.3714
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- observed at the metal X-
ray beam channel that
provide acts as a heat sink.

* Some surface zones are
blocked by generator
fixtures and cannot be
observed directly
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