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« Given that the Super-FRS plug system
comprises many different components and
several RH tasks can be identified and
therefore must be analyzed.

* The proposed approach is to define a
framework to systematically define, analyze
and develop RH tasks.
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Research Goals:

« To develop a framework to systematically define, analyze -\X‘(IT
and develop remote handling maintenance tasks.

« To provide groundwork to formalize remote handling beyond £ o o
good practices and design guidelines into a more analytical
approach. i

* To increase the understanding about remote handling due to
lonizing radiation environments.

« To generate in deep knowledge for the design and bgator

development of the Super-FRS target area plug system with .
respect to remote handling.
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Research Methodology:

« Under the hypothesis that by combining the fields of process
planning for assembly and disassembly, systems engineering
and engineering design a framework can be formulated that
both; represents remote handling as an input/output model and
can be used to systematically define, analyze and develop
remote handling maintenance tasks.

Framework representing remote handling

Product (requiring RH) Plans (to conduct RH tasks)
. Assembly/ ”
RH Operation disassembly s Design proposals
RH System process planning 5 Design changes

Telerobotics &
Teleoperation

Systems engineering
& Engineering Design

Y 4
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INITIALIZE ~ STUDY DESIGN BUILD COMMISSION  OPERATE & MAINTAIN DECOMMISSION

PROJECT FRONT-END PROJECT DEVELOPMENT
openSE Lifecycle

O

System(s) requiring remote handling

Remote handling analyses

Remote handling system
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From the design and
development phase of

the facility
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System
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The proposed framework ﬂ
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PARTS LIST MODELS

PARTS RELATIONS MODELS

O

PARTS

PRECEDENCE
CONNECTIVITY MODELS
MODELS

Consist of developing five assembly
models to define and describe the product

Product
Analysis

PARTS GEOMETRY
MODELS
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COMPONENT

DRAWINGS

4: Vertical shaft assembly \

3: On top devices —

COMPONENTS OF
INTEREST

Product Analysis
Product definition:

. ID Number Name Ref. Name Type
0: Plug main body _ P
0 Target Plug TaPI Main subassembly
1 Target wheel TaWh Subassembly
2 Horizontal shaft HoSh Subassembly
3 On top devices ToDe Collection of components
2: Horizontal shaft 4 Vertical shaft VeSh Subassembly

assembly

1: Target wheel —
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4: Vertical shaft
assembly \

COMPONENT

CONNECTIVITY

3: On top \x\

devices

KCSs-0

Liaison diagram

0: Plug main
body

KCS:2-0

2: Horizontal shaft
assembly

1: Target -
wheel
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(DIS)ASSEMBLY
SEQUENCE

[ |
= sl

cm

Product Analysis
Product description: )/

=== 1
Disassembly

Karlsruhe Institute of Technology

04/123] [02/134

[0-2-3-4 / 1] £
L]

| POLITECNICA|
[0-3-4 /1,2 ]

bgator
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The connection between components is defined as a kinematic __\g("'

constraint sequence (KCS) comprising 4 stages: locate, guide,

fit and lock. £ ot
I I L

(OB Kind of Cylindrical Cylindrical  Ball mechanism

cylindrical

(OSYE N Kind of Cylindrical Cylindrical  Plate with bolts (manual)
cylindrical
Hands on Hands on Hands on  Hands on
3-4
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COMPONENT CONNECTIONS

G

Product Analysis

Product description:

Each stage of the KCS has one or more kinematic constraints
which are modeled with a constraint matrix (Schluss-Matrix)

[Roth]

TX
S=|Ty
Tz

—Tx RX
—Ty Ry
—Tz Rz

— RXx
_Ry
— Rz

VA
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COMPONENT CONNECTIONS

G

TX
S=|Ty
Tz

« Example:

Fit

—Tx Rx —RX
—Ty Ry —Ry
—Tz Rz —-Rz

KCSV=

Product Analysis

VA
Y

P

Guide
(cylindrical)
1111
1111

0O 0 0O

0
+10
0

Product description:

O - no constrained
1 - constrained
>1 - over constrained

(Plane)
0 11

11 2 2
1 1(=1121 2 2
0 0 0100
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SAfety inFrastructures Emitting ionizing radiation
~N/L 7

Sequence (KCS)

, b 3 C d ..._‘(I I
KCSV,, = Zsl—Z(LOCATE)i g +Zsl—2(GUIDE) P +Zsl—2(FIT)k Yk +Zsl—2(LOCK)| 2 A
i=1 J:]. k=1 =1
i? TECHBOLOGY

Kinematic constraint sequence value for the assembly of component 1
into 2

KCSV,

Constraint matrix for the it kinematic constraint in the locate stage for -
the assembly of component 1 into 2. The same nomenclature applies POLITECNICA
for the rest of constraint matrices in the equation.

S1—2( LOCATE);

Lo I S pocates Sy 2(GuIDE) ;- Sy oy Sy aLock), Tespectively are active bgator
&, j’7/k’5I: at the end of the KCS

0. Otherwise .
a,b,c,d Amount of KCs in the locate, guide, fit and lock stages respectively

L. M. Orona, et al. “A Systematic Approach for Modeling and Analyzing Mechanical Assemblies That Require Remote OX[ORD TECHNOLOGIES'

Handling." The 2" Annual International Conference on Mechanical Manufacturing, Modeling and Material. Jan 2015
Shanghai, China. ~
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Inputs 1

Outputs

Plans to
Conduct
RH tasks

Design
Changes

i Product
: Products Analysis
(that require
RH) 2 Remote
Handling
Remote Task
Handling Definifion
System 3 Remote
Handling [ o
Replace the Remo_te ;?IZT ses - :
horizontal Handling y
shaft Operation
Rssergy 4 Design and
Gw Development

New Design
Proposals

The proposed framework ﬂ
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SAfety inFrastructures Emitting ionizing radiation D efl n I tl O n E X a m p I e : 7

Exchange of horizontal shaft assembly

4: Vertical shaft assembly \ -\\](I I
Karlsruhe Institute of Technology
TAMPERE
ﬁ' UNIVERSITY OF
TECHNOLOGY

3: On top devices \K\

A \;/
@ 1

POLITECNICA

0: Plug main body

2: Horizontal shaft
assembly
OXFORD TECHNOLOG
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-,
; -

To disassembly the target wheel, a tool is necessary to

Remote Handling Task
Definition Example:

deactivating the locking mechanism

ID Number

Name

Ref. Name

Type

5

Tool for target

TL 1

Tool
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+ Remote Handling Task Definition
(RHTD) diagram

@)

~/_~

|

Target Plug Working area Hot cell drawer
0-1-2-3-4 | 5 / o SA = Set of activities | gz s 31
SAS5
L OA SKIT
[0-1-2-3-4-5 / / 2*] [0-2*-3-4 [ 15,2 |/ ] S
E¥ v o
, SA2 SAG6
[0-2-3-4 [ 15 [ 2* ] [0-2*-3-4-1-5 [ 2 | ] @
SA3 SA7
\
bgator
[0-3-4 [/ 15,2 | 2* ] [0-1-2*-3-4 /| 2,5 |/ ] .
SA4
A4
[0_3_4 / 1_5, 2’ 2% / } 0 FORDIECHN’O_@ES

SSSSSSSSSSS
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Inputs 1

Outputs

Plans to
Conduct
RH tasks

Design
Changes

i Product
: Products Analysis
(that require
RH) 2 Remote
Handling
Remote Task
Handling Definifion
System 3 Remote
Handling [ o
Replace the Remo_te ;?IZT ses - :
horizontal Handling y
shaft Operation
Rssergy 4 Design and

Development

g

New Design
Proposals

The proposed framework ﬂ
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SAfety inFrastructures Emitting ionizing radiation A n a I yS e S

14 states/actions to be analyzed for each set of activities
defined in the RHTD diagram:

1. Gripping, clamping or hooking the object
2. Moving the object
3. Removing the lock in place 1 4. Applying the lock in place 2
5. Removing the fit in place 1 6. Applying the fitin place 2
7. Object placed in place 1 8. Object placed in place 2
9. Reaching place 1 10. Reaching place 2
11. Gripping the object in place 1 12. Releasing the object in place 2
13. Removing the object from place 1 14. Placing the object in place 2
In assembly:

Place 1: Fixture, the floor, hot cell drawer, etc.
Place 2: The product (the machine)

In disassembly:

Place 1: The product (the machine)

Place 2: Fixture, the floor, hot cell drawer, etc.
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Remote Handling Task
Analyses Example:

!

[0-2-3-4/ 1-5 [/ 2* J

l SA3 Disassembling the horizontal shaft

[0-3-4 [ 15,2 |/ Z*J

!

K52
POLITECNICA

bgator

®
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Remote Handling Task

SAfety inFrastructures Emitting ionizing radiation - An aIyS e S E X am p I e :
Analyses for set of activity 3 (SA3)

Object: Horizontal shaft
Place 1: Target plug
Place 2: The floor

Activity Evaluations: Supporting figures:

1. Gripping the The horizontal shaft

object assembly has a main
diameter of 72 mm and the
gripper of the manipulator
canopen up to 90 mm, in
this case the horizontal
shaft can be grip directly by
the MT200 gripper.

2. Moving the object | The weight of the
horizontal shaftis 2.2 kg
and the payload of the
MT200is 5 kg (when
considering 6 DOF).
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P RERA Eww Remote Handling Task

Preventing hUman intervention for IncREased

SAfely infastuctures Emitting ionizing raiato A N aly ses E Xxam p I e:

3. Removing the lock | The locking mechanism
inplace 1 comprises basically 4 bolts
of Allen type number 6.
They can be unscrewed
with the MT200 but most
likely the bolts cannot be
loose only with the MT200.
This analysis will be further
developed.

arlsruhe Institute of Technology

r* TAMPERE
UNIVERSITY OF

5.Removing thefit | The fit betweenthe

inplace 1 horizontal shaft and the %
target plug is of the peg-

hole type. Based on e | kil

engineering drawings: ; FRType H Ceorocem 1

Hole: 46 H7 ‘ Maximum Clearance 1‘ 50 LTY0.001mm)
Peg: 46 g6 Minimum Clearance M 9 | pm(0.001mm)

Based on a test performed
in the hot cell mock up, it
was notice that sometimes
the fit feels very tight and
is somewhat difficult to be
removed by the MT200
manipulator; however even
in those cases the fit was
successfully removed.

www.amesweb.info
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Preventing hUman intervention for IncREased
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Remote Handling Task
Analyses Example:

7. Object placedin
place 1

The center of gravity of the
horizontal shaft is located
33 mm from the flat
surface from which the
guiding pins are getting
into the horizontal shaft.
Once the guiding pins are
about 33 mm into the
horizontal shaft, itis
possible to release the
horizontal shaft and leave

it onthe guiding pings only.

However, it was observed
from the prototype that
once the chamfer from the
guiding pins is inside the
holes of the horizontal
shaft, the assembly
becomes stable.

33 mm
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P RERA E<ww Remote Handling Task

Preventing hUman intervention for IncREased

SAfety inFrastructures Emitting ionizing radiation An aIyS eS I Xam p I e N
9. Reaching the Based on simulations of the @
place 1l hot cell environment, itis

concluded that the position

of the horizontal shaft can
be within the working area
TAMPERE
rA UNIVERSITY OF

of the MT200
manipulators. Of course if
the holding structure with
the target plug is far from
the manipulators, then it
could be the case that the
horizontal shaft would be
outside the working space.

11. Gripping the Based onsimulations, itis
objectin place 1 concluded that the MT200
manipulators can grip the
horizontal shaft whenit is
located on the target plug.
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Analyses Example:

13. Moving the
objectaway from
place 1

Based on a small test with
the target plug prototype
in the hot cell mock-up it
was found as feasible to
move the horizontal shaft
away from the target plug
by means of the MT200

F

manipU|ator' arlsruhe Institute of Technology
TAMPERE
UNIVERSITY OF
4. Applying the lock | Not apply
in place 2
6. Applying the fitin | Not apply

place 2

8. Object placed in
place 2

The horizontal shaft can be
placed on the floor without

problems.
10. Reaching the There is a certain area on
place 2 the floor of the hot cell

where the MT200 can
reach easily. If forsome
reason the horizontal shaft
has to be placed outside
this area, other RH devices
than the MT200 must be
used.

12. Releasing the
objectin place 2

This is feasible and at the
moment there are no
special requirements.

14. Placing the
objectinto place 2

This is feasible and at the
moment there are no
special requirements.
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Simulations with V-REP

Scene hierarchy 2 I= Selected ohjects:
@ 06_Hot cell environment_26122014 (scene L]

Cuboicf i —\.\] (I I
" Karlsruhe Institute of Technology
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The proposed framework ﬂ

. Inputs 1 Product Outputs ‘
Products Analysis Plans to E A\(IT
(that require Conduct E
RH) 2 Remote RH tasks N TAMPERE
Handling £ o o
Remote Task ' Desi
Handling Definifion » CESIgn / ,
anges -
System » 3 Remote ° 1
Handling o N5
Remote Task - POLITECNICA
Replace the ) Analvses New Design
horizontal (I-)landllrjg y Proposals
shaft peration
assembly bgator

Design and B
Gw Development .
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Design and development Tool ‘
waterfall approach 00l concep S,‘ === 1L

. B A 1 )
Requirements  [€ =1 | \‘(IT
/= a\\

Karlsruhe Institute of Technology

<] Conceptual » ‘ | ' === | L ‘ Ea TAMPERE

. < gl UNIVERSITY OF
Design . TECHNOLOGY

<| Detailed P
“| Design -~ -. /
POLITECNICA
Verification,
3! validation and bgator
integration
Requirements

TL 1 R-1 | The tool shall be manipulated by the MT200 manipulator
TL_1_R-2 | The tool shall be attachable and detachable from the target
wheel

TL_1 R-3 | The subassembly created by the tool and the target wheel
shall be manipulated by the MT200 manipulator

TL 1 R-4 | The tool shall improve the manipulability of the target wheel
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Diameter of the target = 600 mm
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Summary

Remote handling is required in particle accelerator
facilities to conduct maintenance.

Remote handling is necessary when working
environments are inaccessible to humans.

There Is not a unified definition of remote handling.

A framework to define, analyse and develop remote
RH maintenance tasks has been proposed

It is assumed that the proposed framework will
Increase our understanding about remote handling.

Developing RH capabilities, is a complex and time
consuming job.
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Questions and comments
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