Baley Sciestific

A Computerized Thermal Imaging Company




Automatic Thermal NDT Solutions
Superior Inspection Technology for Industrial Applications

Applications such as aerospace, electronics,
and co mPOSite materials are pushing components to the
boundaries of their performance, making non-destructive
testing (NDT) even more important to evaluate their critical
attributes. As the worldwide leader in automated thermal
NDT, Bales Scientific delivers solutions to meet these unique
testing requirements, enabling improved process control and
higher quality components. By measuring a components

reaction to a thermal stress, Bales” systems reveal defects and

properties undetectable with other NDT inspection methods.
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With more than 15 years of experience with thermal NDT technology, Bales
Scientific combines the industry’s most sensitive high-performance camera,
application specific testing equipment and protocols, and sophisticated image
processing and analysis software into the most advanced automated thermal

NDT and inspection systems worldwide.

These systems examine components subject to thermal stress and identify defects,
including core shift, residual core material, blocked cooling holes, disbonded

thermal barrier coatings, and manufacturing induced defects.
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Thermal NDT

What is Thermal NDT? Thermal imaging has been used for years to view
and characterize components by measuring the infrared energy they emit.
Although thermal imaging historically has measured attributes undetectable
by other processes, it had limited application due to poor camera sensitivity,
insufficient testing protocols, and a lack of advanced data processing and

analysis capabilities.

Bales Scientific overcame these limitations with advanced camera technology,
sophisticated analysis algorithms that leverage increased computing power,
and rigorous testing protocols. The analysis of time series data collected on a
component subjected to thermal stress enables the detection of both external
and internal attributes. Materials properties such as core shift, residual core
materials, coating delamination, and porosity can all be revealed at the same

time as external attributes.
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The object under test

emits thermal energy

as a result of the stresses
applied according to
testing protocol.
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The image series is
processed to better reveal
the features of interest.

The IR imager is used
to capture an image
series showing
thermal emissions.

Object under test
is placed in the
test fixture.

Automatic Defect Recognition
analyzes the processed image
series to determine the presence
or absence of defacto conditions.
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The defined testing protocol
is applied to the object
under test. Bales works
with the customer to help
define an appropriate test.
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The operator is given an
unambiguous Pass/Fail
result. Complete details are
archived for more detailed
review and analysis.
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Automated Turbine Component Inspection Systems

Bales Scientific’s automated thermal NDT systems are beneficial for any num-

ber of NDT industrial applications, including composite and alloy structures

testing, manufacturing quality assurance, and industrial component inspec-

tion. In particular, Bales Scientific has poured significant research, design,

and development effort into inspection systems for turbine blades and vanes.

Non-destructive testing of turbine blades and vanes is a crucial
step in the manufacturing process. In the past, testing systems
relied on highly trained technicians to analyze test images. Now,
using advanced image processing and analysis algorithms, Bales
Scientific has created a completely automated system to identify
a wide range of potential defects and provide a rapid go/no-go
decision in a production environment. The system consists of a
high-speed, high-resolution, radiometric infrared imager coupled
with sophisticated image analysis software — all housed in a
specialized environmental testing chamber.

Bales Scientific’s inspection system characterizes dynamic heat
flow to find anomalies in a blade or vane. Such anomalies indi-
cate various types of manufacturing defects or wear and tear. The
ability to find these anomalies under conditions similar to actual
part use represents a unique advantage over conventional inspec-
tion systems. Bales Scientific’s proprietary Automated Defect
Recognition (ADR) software then analyzes test information to
determine whether the component may have other defects, such
as residual core material, blocked cooling holes, or disbonded
thermal barrier coatings.
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These images produced by the Bales Scientific automated thermal

NDT system compare a component exhibiting core debris, left, with

a known good component, right.
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Figure 1. Reference image Figure 2. Image showing Figure 3. Disbonded thermal
showing clear holes. blocked holes. barrier coating.

The photos above illustrate how the turbine component inspection systems can identify two common
turbine blade defects: blocked cooling holes and disbonded thermal barrier coatings. The system

can detect a blocked cooling hole as small as the diameter of a human hair and separation defects

as narrow as a few thousandths of an inch or smaller.

Bales Scientific’s fully automated, highly sensitive, turbine component
inspection system examines parts for critical manufacturing defects or
wear conditions, including:

Core S hlft The shifting of a casting core in the ceramic mold during casting. Core shift
can result in a blade that has one or more surfaces thicker or thinner than designed.

Core Crack A crack in the casting core where alloy will flow and improperly deposit
metal. Both core shift and core crack can change the cooling properties of the component,
resulting in overheating or overcooling.

Residual Core Material pieces of the casting core or other foreign inclusions can
remain in the blade and inhibit the flow of coolant. This can result in overheating
or overcooling.

Damaged COOliTlg Holes Component cooling holes can be obstructed, filled, or
out-of-position. Uneven or obstructed cooling can cause excessive thermal stress on the
component, resulting in early or even catastrophic failure.

Disbonded Thermal Barrier Coating A separation between the coating of
the component and the component surface (delamination) can cause the component to fail.
A separation defect as small as a few thousandths of an inch can cause a malfunction.
Defects within the coating are also critical.

Poros lty During the casting process, a portion of the component ends up with a lower
density of material or a different alloy mixture than specified. The result is lower strength
and the potential for external or internal leakage.



Beyond Turbo Machinery: A Vast Array of Thermal Imaging Applications

Figure 4. Defective PCB.

Figure 5. Reference PCB.

Figure 6. 20-micron contact wires
in a hybrid IC.
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Bales Scientific’s thermal NDT expertise, products, and services are employed by
numerous partners in a number of industrial applications, including testing of
composite materials and alloy structures, defect localization and quality assurance
in various manufacturing environments, and industrial component inspection.
Standard and customized systems and services are available to satisfy a variety
of industrial inspection and NDT applications.

Electronics

The inspection and analysis system tests printed circuit boards and electronic
systems for heat-dissipation performance and collects heat-generation statistics.
Infrared imaging has proven its value in the manufacturing and testing of semi-
conductors. Bales Scientific continues to explore new applications in this industry.

D Printed Circuit Board Testing Figures 4 and S are the product of the system’s
inspection and detection of problems in a printed circuit board as it is tested.

In this example, the thermal inertia images of a transient power-up allow identi-
fication of a defective part.

D Semiconductor Testing A high-resolution infrared image verifies semiconductors,
as shown in figure 6.

Aerospace

The Bales NDT imaging system has many applications in the aerospace-manufac-
turing and aircraft-maintenance industries.

D Aerospace Manufacturing Since the mid-1970s, the aerospace industry has
steadily increased its use of composite materials and exotic alloys in aircraft
structures. While these materials reduce weight and add strength, they are
expensive. Bales Scientific’s thermal NDT systems monitor the curing of compos-
ite materials to ensure quality and strength, aid in stress testing critical compo-
nents such as turbine blades and engine structures, and test the quality of exot-
ic alloy welds and bonds.

Aircraft Maintenance

The aging of the world’s commercial aviation fleet and an increased emphasis
on aircraft maintenance and safety require new analysis and testing tools. The
Bales system can be configured to scan surfaces for cracks and other signs of

metal fatigue. The system is a proven technology for inspecting critical engine
components for wear, fatigue, and damage.
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Figure 7. Thermoplastic composite
structure.

Figure 8. 50-micron ceramic film.

Figure 9. Thermal inertia image of
example manufacturing
defects.

Figure 10. Bonding integrity of
satellite antenna.
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Construction

Bales Scientific works with its partners to develop applications for its thermal
NDT systems in building and highway inspection. As buildings age and endure
natural events, such as earthquakes and hurricanes, identifying hidden damage
becomes critical. The thermal NDT test and inspection systems identify potentially
hazardous faults, such as stress cracks in concrete, steel, and other building
materials. Further, increased use of composite materials and techniques in
construction requires the improved inspection capability of the Bales systems.

General Purpose

The NDT imaging system is beneficial for a variety of industrial applications,
including composite and alloy structures testing, manufacturing quality assur-
ance, and aerial inspection.

D Composite Structures The Bales NDT system can monitor the curing process
and the final structure of composite materials. Figure 7 shows the internal metal
orientation of a composite structure. Figure 8 is the result of a quality test for an
embedded 50-micron ceramic film.

Foreign object contamination or damage is a common issue in composite materi-
als manufacturing and use. The Bales thermal NDT systems identify foreign
object induced defects as in the test case shown in figure 9.

b Alloy Structures Exotic metals, such as titanium, are expensive to use in
manufacturing applications. The Bales NDT integrates into quality assurance
practices to improve manufacturing processes and yields for such complex
techniques as titanium bonding and bimetal structures.

D Manufacturing Quality Assurance Thermal NDT systems image complete
systems as well as individual components. In figure 10, the system reveals the
bonding integrity of a satellite antenna during manufacturing.

D Remote Inspection Bales Scientific’s thermal imaging
systems can be configured for portable and/or remote
operation. As an example, the Bales Scientific radiometric
infrared imager can be configured for use as an aerial
infrared camera. The picture at right is a view of the
San Francisco Bay area.
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Automatic Defect Recognition

Non-destructive testing of indus-
trial components has long been a
part of a variety of manufacturing

processes. Thermal NDT tech-
niques have also been available.
However, it is only with the addi-
tion of Automatic Defect
Recognition (ADR) from Bales
Scientific that the full benefits of
thermal NDT can be attained for

the production line.

Bales Scientific’s ADR provides a rapid go/no-go determination for the object
under test, so the testing process does not slow the overall rate of production.
The raw data and analysis results are saved for each tested object, enabling a

more detailed review as necessary.

Figure 11. Raw inspection data.
The ADR process starts with a set of automatically collected inspection data,

including a series of IR images of the object under test (figure 11). The images
are then processed to enhance those features indicating defects (figures 12
and 13). The collected data and the processed images are analyzed by Bales
Scientific’s proprietary ADR algorithms and the results presented through an
advanced software interface (figure 14). More detailed results are available for
later review.

Bales Scientific’s ADR techniques are used today in the automatic analysis
and classification of turbine blades and their manufacturing defects. To learn
more about how these ADR techniques can be applied to your testing and
inspection needs, please contact Bales Scientific today.
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Bales Scientific Can Build a Custom Automated Thermal NDT System for You

Because every manufacturing application is unique, Bales Scientific has developed a
proven process for building custom thermal NDT systems for our customers. First,
Bales Scientific works closely with the customer to understand the structure, materials,
characteristics, and manufacturing process of a part. We then work to gain a complete
understanding of possible defects the automated NDT imaging system needs to identify.
After a feasibility study, including the development of a prototype system and testing
protocol, Bales Scientific delivers a thermal imaging solution tuned to your specific

testing needs.

Customer comes to
Bales Scientific with
their part.

Bales reviews the part’s
material, fabrication
process, and key
characteristics

with the customer.

Bales and customer discuss
both typical and atypical
defects and failures.

N
Bales conducts a complete feasibility
study, including a testing protocol
proposal.

Bales builds
a prototype and
validates the

testing protocol

o Identify required test(s)

e Identify any fixturing
requirements

e Identify/define specific image
processing and data
analysis requirements.

Bales configures an
inspection system
meeting the customer's
Bales delivers a system specific requirements
tuned to customer's
specific testing needs.

° Delphi © NASA
° Boeing * U.S. Air Force « Rolls Royce
* Johnson & Johnson ° U.S. Navy
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Systems Overview

Bales Scientific offers a variety of thermal NDT system configurations in both portable
and fixed location forms. Each system comprises a thermal activation source (either
internal stress, external stress, or a combination of both), a high performance Bales

Scientific radiometric IR imager (summary specifications listed below), a suitable
enclosure and fixture, and integrated control, processing, and analysis software.

Whether your needs are production line, in-the-field, or research laboratory
oriented, the Bales Scientific engineering team has extensive experience in
developing suitable systems and solutions and applying the automated
thermal NDT techniques that can best be used in your specific area.

OPTICAL AND IMAGE FEATURES

Detector Angular Substance 1.2 milliradians with a 30° FOV

Field of View 10° to 30° horizontal
5° to 20° vertical
(with continuous optical zoom)

Spatial Resolution 600 optical lines at 30° FOV
(50% modulation)

Focus Automatic and manual override
(10 cm to infinity focal range)

Optical Frame Cycle Rate Programmable image size
Radiometric IR imager and workstation. (1800 lines per second per detector)
Temperature Range 0° to 200° Celsius in 0.05° increments

(other ranges available)

Minimum Detectable 0.05°C at 35°C
Temperature Change

Spectral Response 3-5, 8-12, 2-12 microns
(8-5 and 8-12 dual band optional)

Detector Cooler Type Linear drive cryocooler

Detector Type MCT

Turbine component inspection system

environmental testing chamber.
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