Robotic Inspection
and Cleaning:

The Next Evolution in Boiler
Safety and Maintenance

Early boilers forged from wrought iron came
online in 18th century England. Various
incarnations followed, the most important
among them a Cornish version with a single
internal furnace developed by Oliver Evans
of Philadelphia. As designers built off one
another, each progressing from the work
of others, two friends in New York set about
engineering a boiler that would counteract
the vessels’ tendency to explode. Amid the
excitement of the revolution, blasts killed
engineers by the thousands. Convinced there
must be a better way, draftsman George
Herman Babcock and inventor Stephen Wilcox
conceived a design in which water tubes
inside a firebrick-walled structure produced
steam, allowing for safer operation under
higher pressure.

Dawn of Safety Standards
But boilers remained hazardous. In 1880, 13
years after Babcock and Wilcox founded a
company in their own names to market and
manufacture their patented design, 159 boiler
explosions were recorded. That same year,
the American Society of Mechanical Engineers
(ASME) was formed. Babcock served as the
organization’s president a few years later.
As the ASME began crafting guidelines
for boilers, the problems persisted. While
explosions drew local notice, the national
attention needed to drive change was scant.
A March 10, 1905, blast at the Grover Shoe

Factory in Brockton, Massachusetts, drew the
country’s notice. Fifty-eight people were killed,
117 were hurt, and the plant was leveled.
The ASME took on what the industry badly
needed, setting standards for powerful
technology with the remarkable capacity
to drive the industrial revolution and the
extraordinary volatility to imperil its users
at any moment. The ASME produced boiler
standards with guidelines for everything
from plugs and rivets to limits on pounds of
pressure per square inch. The group published
its first Boiler and Pressure Vessel Code in 1915,
a book of 114 pages.
This gave way to a new wave of growth in the
boiler industry, the standards allowing for
massive technological innovation. Companies
began relying on steam from boilers for
power generation, production, and climate
control. A wide range of boiler types formed,
including biomass and recovery along with
fire and water-tube boilers. The ranks of
industries using boilers swelled to include oil
and gas, chemical, and steel at one end of
the spectrum to cement, fertilizer, sugar, and
alcohol at the other. Standards, both from the
ASME and government, continued to evolve
as the technology became steadily safer and
more advanced.
Around the boiler industry, a monitoring
sector bloomed, with companies focusing
on monitoring, inspection, and controls to

obtain required certifications and to keep
the apparatus performing at optimal levels.
The code the ASME produced early in the
20th century continued to expand. Today,
that singular book has grown to 28 setting
standards for fabrication, providing support
documents, unfolding details on nondestructive examination, and more. The code
now covers more than 16,000 pages.
Those standards transformed boilers to
assets that are the workhorses of modern
industry while ending the cycle of explosions
that made them as dangerous as they
were productive. The exponential growth of
boiler standards also has made the work
of monitoring and inspections increasingly
complex and challenging.

Eliminating Manned Entry
Inspections
BRIC relies on a robotic crawler that features
a magnetic four-wheel drive system along
with three-dimensional localization, a highpressure jet cleaning unit, and ultrasonic
testing (UT) to measure wall thickness.

Inspections of modern industrial boilers by
trained, certified specialists frequently require
manned entry, a process carrying its own
hazards. The leading cause of the more than
5,000 U.S. labor deaths each year is people
working at heights and in confined spaces,
precisely the kind of conditions encountered
in many manned boiler inspections. In
addition, entry into boilers means they must
be taken offline to ensure safety, leading to
downtime and lost productivity.

Patented swivel-able magnetic roller
drives allow the robotic vehicle to make the
90-degree transition from floors to walls
or walls to roof. The 3D localization system
meshes the robot and the data, allowing the
operator to see and control its movements
in real time and in three-dimensional
space. Each time the device’s operator
captures an image or obtains a UT thickness
measurement, the coordinates of the location
and the measurements are recorded in a
digital twin. The same system is used to mark
areas for cleaning.

Just as evolutions in technology brought
answers to the safety quandary posed by
boilers, so it has to the concerns of manned
entry for inspections. Smart technology is
revolutionizing inspection and maintenance
processes and delivering safer working
environments. However, the leap forward
is reliant on taking human entry out of the
equation and moving to a completely remote
inspection and cleaning model. That is where
Waygate’s boiler robotic inspection and
cleaning service, otherwise known as BRIC,
excels.

Three-dimensional robotic navigation and
control provide a 3D view of the asset and
robot. Using a joystick and touch screen, the
operator has intuitive control. The robot’s
path is recorded. Data position-tagging in 3D
generates asset coordinates and provides
3D positioning of inspection data, both
images and UT measurements. Information
on robot position, orientation, and movement
is exact. Cleaning is guided by a prepared
mission plan. The recording of data allows for
automated reinspection following previous
paths from earlier missions.

Digital Twin Guides Navigation
CAD files and/or 3D laser mapping are used
to create a three-dimensional model of the
boiler. The 3D scan ensures the digital twin
model of the asset as it actually is “as built”.
The creation of the digital twin is a key step.
The twin is used both to guide the operator
performing the inspection and to record the
results of the inspection. The value of this
increases exponentially with subsequent
inspections helping to build a data history. It
also means an operator can return a year or
more later to an exact location to reassess an
area.
An inspection crew typically is composed of a
supervisor or project manager who works with
plant staff to ensure the operation is ready
to roll. The supervisor or project manager
is aided by one or two operators based on
the boiler size and one or two NDT, Level II
engineers, both UT and visual certified. In
addition to the BRIC, the team is equipped
with tools like high-definition borescopes,
pan-tilt cameras, and drones, if needed.
Using a specially designed deployment tool,
the robot enters the boiler. Access points can
include burner openings or manways. As the
inspection is performed, using the twin and
3D localization system, a report is produced
in real time that will be available upon
completion of the process.

Safety and productivity concerns are wiped
away, with the BRIC system removing the
need for manned entry either for inspection or
cleaning. Turnaround time is slashed by up to
70%. Not only does the robotic vehicle make
inspections and routine cleaning safer, but it
also delivers monitoring at a level of precision
conventional methods can’t match, providing
consistent, three-dimensional tagged UT and
visual data.

Trust of the World’s Biggest
Operator
Waygate Technologies’ BRIC is the safest,
most efficient boiler inspection service
on the market, striking a sharp contrast
with competitive solutions that still require
manned entry. Chemical, pulp and paper, oil
and gas, and power plants are among those
that can benefit from BRIC. The company’s
approach is to constantly put customers’
needs at the forefront, delivering the highest
levels of technology with the greatest
precision and at maximum degrees of safety.
That is among the reasons why BRIC is being
relied upon by BASF, the world’s largest
chemical producer, which trusts Waygate
Technologies for inspections at its plant in
Antwerp, Belgium.
“The boiler robot for inspection and cleaning
was for us in the first place an opportunity to
change our existing approach,” said Jürgen
Moors, operations manager, utilities, at BASF
Antwerp. “In cooperation with Waygate
Technologies, we moved this technology from
a pilot stage to an industrialized version of the
robot.
“In mutual cooperation, exchange, and
subsequent testing and piloting, we were able
bridge the gap between pilot and industry.
We are now at the point where we start
integrating this robot into our daily inspection
and maintenance approach for boilers in
close cooperation with our inspection service
suppliers.”

About Waygate Technologies
Waygate Technologies, a Baker Hughes business, is a global
leader in non-destructive testing and examination solutions.
The company holds over 125 years of experience in ensuring
quality, safety, and productivity in industrial settings.
Today, the company helps its customers by applying stateof-the-art data and analytics for best-in-class insights
on their products and processes. Through BRIC, customers
benefit from safe, data-driven, and less disruptive boiler
inspections programs.
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