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can be attached to the same beams with self-tapping screws.

Before this can be done, the screws used to hold the old

ceiling panels to the beams must be removed. Removing each

individual screw by hand is a long and physically demanding

task due to the position of the screws above a worker’s head.

It is, however, a relatively simple and repetitive task and so is

ideal for automation.

The problem, then, is to remove the screws from the ceiling

beams. To reduce waste, both the screws and the beams should

remain undamaged and usable at the end of the screw removal

process. Miminal operator intervention and time should be

required.

III. SCREW REMOVAL TOOL

A. Design requirements

The first part of the problem to be solved is the method

of removing the screws from the beams. The need to keep

both the beams and the screws in a usable condition limits

the removal methods. Aside from the obvious method of

unscrewing the screws, other options are cutting the screws

off and pulling the screws out.

Cutting the screws off is not feasible primarily because

this renders the screws unusable. While the screws have a

significant length protruding from the beam below the screw

head once the panels have been removed (approximately

12mm), the self-tapping screws used feature a pointed tip that

drills a hole for the screw in both the ceiling panel and the

beam as it is screwed in. This tip must remain for the screw to

be reusable when the next set of ceiling panels are installed.

Additionally, if the screw is cut off level with the beam, this

would leave the remainder in or on top of the hollow beams,

where they could be difficult to remove with the robot.

Pulling the screws out is not feasible because it can damage

the beam and may damage the thread on the screw. The force

required to pull the screw out of the beam will, at the least,

leave a large raised rim around the screw hole. This would

make installation of the new ceiling panels more difficult and

uneven. It is also possible that the force of pulling the screw

out could bend the beam itself, rendering it unusable.

The only option left, then, is to unscrew the screws. While

a screw driver tool could be used to remove the screws, this

method would be slow. The tool tip would need to be aligned

with each individual screw, inserted into the head, unscrew it

while lowering it out of the screw hole, and then the screw

removed from the tool before locating and moving to the next

screw. A faster method of removing the screws is preferable.

All that is required to unscrew the screws is that they are

turned. An alternative method of turning the screws to using a

screw driver is to place the screw between two rollers, which

grip and turn it. As the screw turns, the thread will naturally

move through the tapped thread in the screw hole and move

the screw out of the hole, with the screw falling out when the

tapered tip becomes narrower than the hole.

A tool using rollers can be moved onto each screw from a

horizontal direction. Once a screw has been removed, it can be

Fig. 2: The tool used to remove screws. (a) Rollers. (b) Roller

motor. (c) Laser scanner for beam detection. (d) Horizontal

compliance mechanism. (e) Force-moment sensor. (f) Screw

collection tray.

moved up to the next screw and remove that in one continuous

motion.

B. Tool design

The tool, as designed for this robot, is shown in Figure 2.

Two rollers, spaced a short distance apart, are driven anti-

clockwise (when viewed from the top) by separate motors.

The original iteration of the tool used rubber rollers, but these

did not produce enough friction for the screw to be gripped

strongly enough to transfer the torque from the rollers and

unscrew the screw. The current iteration uses grinder wheels.

Testing has found that these produce sufficient friction to grip

and turn the screw without damaging it.

Vertical compliance consists of rubber bungs supporting

the weight of the tool where it attaches to the robot. These

compress under force. The top of the tool is coated with

teflon to provide minimal friction with ceiling beams. The

horizontal compliance mechanism is a slide-rail mounted

between the base of the tool (where it attaches to the robot)

and the roller mechanism, and two springs mounted parallel

in opposite directions. Each spring pulls the roller mechanism

back towards the centre from one side of the tool, respectively.

The same mechanism, combined with the round shape of the

rollers, also allows for some angular compliance. A tray is

mounted below the rollers to catch screws as they fall out of

the screw holes. The laser scanner and force-torque sensor are

described in Section V.

An important feature of the tool is the provision of mechan-

ical compliance in the axis perpendicular to the direction of

motion along the beam. This, combined with the nature of the

rollers, removes the need for precise horizontal alignment of

the tool with each screw on the beam. As the screws are not

precisely aligned down the beam and may be found anywhere

in the beam cross-section, and are also difficult to detect with

the sensors, such alignment would be difficult, particularly

at high movement speeds. With the constructed compliance

mechanism, an off-centre screw will strike a roller and force

that roller, and thus the tool, to one side, allowing the screw
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to enter the gap between the rollers. As a screw enters the gap

between the rollers, they grip and turn the screw, allowing

it to naturally unscrew from the screw hole and fall into the

collection tray.

IV. ROBOT HARDWARE AND EXPERIMENTAL SETUP

The robot used for the experiments is shown in Figure 3.

The robot itself is a Mitsubishi Heavy Industries, Ltd. PA-10

arm with seven degrees of freedom. The screw removal tool is

mounted at its end effector. While such a heavy robot is more

difficult for the operator to manoeuvre, the current robot is

only for prototyping. A robot used in any production system

would ideally be lighter.

The robot is mounted on a portable, custom-designed base.

The base contains the robot’s controller hardware, power

supply and an x86 computer running ART-Linux [1], a real-

time variant of the Linux kernel. This is in turn mounted on

a lifting trolley, which is necessary for the robot to reach the

high beams of the suspended ceiling, 2.5 metres above the

floor.

Mounted at the robot’s end effector are a Nitta IFS-67M25A

25-I40 force-moment sensor, the tool, and a Hokuyo URG-

04LX laser scanner. The force-moment sensor is used in

keeping the tool pressed against the beam, while the laser

scanner is used to locate and align with the beam. See

Section V for more details on the use of sensor data.

The experiments were carried out in an accurate recreation

of an office building interior assembled by Shimizu Con-

struction Co., Ltd. This recreation featured flourescent light

fittings, air conditioning ducts and ceiling panels, all attached

to a suspended ceiling. One section of the ceiling was left

uncovered by ceiling panels for tests of the screw removal

robot prior to the final demonstrations.

A photo of the robot running on a beam that did not

have ceiling panels on it is shown in Figure 4. Differences

between execution on these beams and those that had held

ceiling panels were found during later experimentation, see

Section VIII for details.

V. SENSING

The robot has two sensors: a force-moment sensor and

a planar laser scanner. The force-moment sensor is used to

maintain contact with the beam and detect when the tool is

in contact with a screw. It provides three force measurements

and three torque measurements. These are used by the z- and

x-axis controllers directly. Only two axes of the force-moment

sensor are used, so a simpler sensor could be used in any final

robot design.

The laser scanner is primarily responsible for locating the

beam along the y-axis of the tool. Some simple processing of

its output is necessary for this. As with all laser scanners, the

scan data is somewhat noisy, and in addition to this the beams

are a shiny metal, making them difficult for the laser scanner to

see. Clustering is performed to remove points that are likely to

be noise. The clustering algorithm used is based on Successive

Edge Following, a simple difference-based approach [2]. It

Fig. 3: The robot used for the experiments. Some suspended

ceiling panels and beams can be seen at the top of the photo.

(a) Tool at the end of the arm. (b) PA-10 7 degree-of-freedom

robotic arm. (c) Computer and controllers. (d) Lifting trolley,

for reach. The x- and y-axes go into the photo.

Fig. 4: The tool contacting a suspended ceiling beam, about

to remove a screw.
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Fig. 7: The various components of the system laid out and

connected in RTCLink. There is a rough alignment with the

individual behaviours and controllers of the system.

duplicated data was created and only one-to-one connections

were used. This introduces a small delay, but it was not found

to impact on the system (although it does make the system

appear to be more complex than it is).

VIII. RESULTS

The robot was trialed in a test environment. Tests were

performed on beams that had screws put into them by con-

struction workers, but which had not been holding ceiling

panels. On these beams, the robot successfully removed most

of the screws, although some screws could not be removed. In

each case, the screw skipping behaviour was invoked and the

robot continued successfully. The average time to remove each

screw was approximately 6 seconds per screw. With tuning,

this time can be reduced.

Figure 8 shows the path taken by the robot along one

beam. The jolts in the position of the tool caused by the

forces generated while removing screws are clearly visible.

The sequence of movements performed at operator request to

skip a screw can be seen in the xz plane. Finally, note the short

movement from left to right in the xy plane (the initialisation

sequence at y = 0) followed by aligning with the beam. The

figure-8 shape is caused by the robot returning to its start

position automatically upon reaching the end of its reachable

space.

After the robot reached the end of each beam, it was repo-

sitioned approximately under the next beam and the process

begun again.

Tests performed on beams that had been holding panels

(which had recently been removed) were less successful. The

tool was unable to grip and remove any of the screws. Dust

left on the screws by the panels is suspected to be the cause,

by reducing the friction between the rollers and the screws.
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Fig. 8: Tool movement in the xz and xy planes while removing

screws from a beam.

Possible solutions to this problem are different rollers or

some form of cleaning attachment at the front of the tool.

IX. CONCLUSIONS

A robot has been created that can remove screws used to

hold ceiling panels to the suspended ceiling beams of office

buildings. The robot uses a non-destructive procedure that

does not damage the screws or the beams, leaving both in

good condition for reuse in building renovations and reducing

waste. This robot requires little operator interaction and does

not require the operator be skilled. This reduces the labour,

number of workers and time required to demolish the interior

of a building.

Future improvements include adding a yaw controller that

can maintain alignment between the x-axis of the tool and the

beam. This will allow the robot to be pushed along a beam by

a worker when it reaches the end of its reach along the x-axis

without needing to reinitialise the robot.
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