Snake-arm robots to
support plant life extension
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on of pipe. The cutting ar welding were
both done from within the ;Ji_l_:f* providing the ability to use rel able
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The task of the snake-arm robots was to perform all external supporting
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anipulation arm returned with a tack welding i 13 four

tack welds at 90 degrees on both of the welds - this secured the

new pipe In position and enabled the metal welding pracess 1o begin
The manipulation arm was then used to place a gas shield around
the new pipe to prevent oxidation of the weld
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arm | [ ction Robot Equipment (SAFIRE) is justified
aduction tool with the potential to shorten the outage
nath. A further significant advantage is that once installed a
round the clock with an availabilit whereas
W 5 able to work for a few hours before their
mited is reached. This time pressure a quality
f data captured and does not allow operators o gain experience
FIRE 1 remotely controlled machine that is equipped with a

2m long, 12.5mm wide, 19 degree of free: hat can snake

stwalk and between the hangers to deliver cameras 1o

5 of the pipe work. The arm is mounted on a vehicle
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which can be driven along the catwalks allowing SAFIRE to view Two operators are used to fly the arm, with one responsible for

the complete cabinet without manual intervention. The arm can also motion and the other responsible for gathering data. SAFIRE uses
reach above the catwalk to inspect the header tanks and other proprietary nose-following software which allows the operator to
systems within the feeder cabinet. control the 19 degree of freedom arm with ease. The operator uses

SAFIRE is controlled from within a trailer parked near the reactor a twin analogue joystick controller to fly the tip of the device whilst

buildings. The operators are able to sit in the comfort of the trailer the computer ensures that the remainder of the arm follows the path

and drive SAFIRE remotely. This gives the right people the of the tip. Operation Is Intuitive: the basics can be leamt in minutes

apportunity to collect the right information In an environment which SAFIRE has a number of cameras and lighting systems. Two identical
enables thought and conversation, without incurring dose compact PTZ cameras with matched lights are mounted one each on

& vahicle o ~ ace atatic e IMmair s =Tl I BT (e
Materials were chosen and factors of safety and failure modes were the vehicle and a fixed base station. The main inspection tool is a tip

optimized in the design of the system to minimize the risk and mounted camera tool which contains three fixed focal length

consequences of fallure. These concerns must be balanced with cameras - two pointing forward and one facing sideways - and high
ease of installation and operation, both of which might be a more power LEDs, The tool is the size of a large matchbox and includes a
significant contributor to the overall safety and reliability of the motor to rotate the tool around its longitudinal axis to enable different
system. SAFIRE uses commercial grade electronics which should views to be obtained from the side camera. Video from the cameras
have a life of around 10,000 hours in the radiation field expected is transferred over 0.5km of fiber to the operator console, allowing
Non “rad-hard" cameras are designed to be changed more frequently. the video streams to be recorded, time stamped and annotated.
BAFIRE s not & high risk device since it does not pose a danger 1o Further variants of SAFIRE will include different tools including UT
the pressure boundary itself. SAFIRE, like the manipulator and plobes

inspection arms used at Ringhals, was designed so that the arm is Since the arm is stable it was possible 1o review images and then

compliant. The arm is effectively too weak to cause significant decide to re-take pictures or change the angle of view. This resulted
damage. The motors and actuator mechanisms were designed to in Inspections recording images of parts of the reactor system that
gnable the arm to reach into the pipe work systems but the in line have not been seen since the reactor was built

and lateral force that the arm can exert on the pipe work is limited

SAFIRE was deployed for the first time at Pickering, Canada, during
May 2010, Set up time was 70 minutes from the time the operators cg nc H us i on
entered the vault with the equipment to the system taking live images
under control of the same operators sat in the remote trailer. The

inspections were conducted over a twelve hour period using two be brought back on line and operated at a higher power.

At Ringhals the pipe replacement enabled the reactor to

operators who received no further dose. Breakdown was completed If the replacement had been unsuccessful the future operation

in 80 minutes. of Ringhals 1 would have been in doubt. It is reasonable to

state that OC Robotics' technology was instrumental in

\ keeping the plant operational, thus safeguarding this asset.

SAFIRE demonstrated the expected benefits of replacing
manual inspection with automated inspection including:
rapid set-up and tear down and remote operation that
enabled considerable operator dose reduction; high quality
images acquired from new vantage points; and, video
captured from a stable platform. The less tangible results
include the ability of the most experienced inspectors to

view and re-view plant condition in real time.

Extending nuclear plant life is now a key issue for nuclear

operators as it secures base load electricity production, Inspection

of plant condition will be an increasingly important element

of assessing plant integrity as a part of license renewal.
Snake-arm robots create the opportunity to deploy existing

and new replacement and repair technologies.

Nuclear power plants are substantial investments which with

careful management and investment can be operated safely

for decades to come. Snake-arm robot technology will enable

plant life to be extended both by conducting necessary repairs
and by providing high guality data about the physical

condition of the plant.
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SAFIRE with arm deployed below the walkway (in mock up)



