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System Decomposition and Requirements

Customer Labor Force Fabrication

4.1 Robotic
Machinery

3.2 Automation
System

2.2 Automation
Engineer

2.3 Project
Engineer

2.4 Quality

Engineer 3.3 Robotic Arm

1.1 Small Company 2.1 Operator 4.2 Personell

1.1.1 Industry basic
knwoledge

1.1.2 Financing

1.1.3 Location for
prouct delivery

2.1.1 Operate
Machinery

2.1.2 Run Program
Robotic Arm /
Machine

2.1.3 Packing
Product

2.2.1 Design
Process

2.2.2 Test
Automated

Machinery

2.2.3 Program
Robotic Arm /
Machine

2.2.4 Train

operators

2.3.1 Analyze
Project
Requirmenets

2.3.2 Assign Roles

2.3.3 Prepare Costs
Estimates

2.3.4 Complete
Technical Studies

2.4.1 Materials

Inspection

2.4.2 Equipment

Inspection

2.4.3Processes
Inspection

3.1.1 Interface with
Automated system

3.1.2 Interface with
Robotic Arm

3.1.3 Fabricate
Parts

3.2.1 Interface with
CNC

3.2.2 Separate burr
from parts

3.2.2 Dispense
parts/burr

3.3.1 Interface with
CNC

3.3.2 Interface with
automation system

3.3.3 Take
produced parts
from CNC

2.4.4 Product

Inspection

4.1.1 Inspection

4.1.2 Maintenance

4.1.3 Proper
Installation

4.2.1 OSHA
guidelines

4.2.2 Authorized
use ONLY

4.2.3 Training &

Development
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Scenario Description Subsystem/Part Subsystem/Part Name  |Requirement|  |Regmt Title Requirement Requirement Validation Verification Plan Verification Data
will fill out a form, where they will
provide specifics of the parts being
requested such as; dimensions, material,
color, weight, quantity, and timeframe. A
Asmall company initiates contact Analyze the data requested from the - 'g_ o . s} :
] A : ) . Project Engineer will then go thorugh the
with the RoboticManufacturing ) : . potential customer, it will allow the o ) ) o
By requesting documentation from Customers, which ) . specified project details, and verify if the
Company to place an order. The . - N Robotic Company to determine if the ) .
includes product dimensions, specifications, and what ) . . current machine setup and capacities
small company and the Robotic . ) project being requested is viable or not, ) o
: they are looking for from the Robotic Company. are able to take on such project. If it is
company will exchange and whether the company can ) . . )
. . . . . ) viable, the Project Engineer will then
information about their current The Customer (Small accomplish what is being required. ; )
N ) meet with the customer to discuss the
situations, and verify they are a Company) shall be able to .. -
- ) . project ideas, manufacturability of
good match, being able to provide requirements of what ) )
: : . drawings, tolerance requirements, to
continue the order process and Requirements for they are looking for from the )
. i X come to an agreement and sign a
eventually making an order 11 Small Company 111 Project Robotic Company. L
The office staff / sales dept will request
proof of funds or financing from an
official bank statement or financial
The Customer would be providing official proof of funds to Confirm the proof of funds provided is |institution, which sall be provided by the
The Customer (Small the Robotic Company. from an official Financial Insitution. | customer before project begins, and no
Company) shall be able to later than 5 business days after contract
come up with financing to agreement has been signed. Request is
11 Small Company 112 Financing Capability |cover project costs performed via email .
Once the office staff /sales dept gets the
By requesting proof of physical address of where the final szl L]
I | I
The customer shall be able to Sl ) - ) - ‘y ) Compare with tools such as googlemaps, | be shipped, a verification of address will
. ) product will be shipped, in order for the Robotic Company . o ) )
take physical delivery of ) o S and customer's company website if they | be made using a google search with the
) . to estimate shipping costs, and be able to deliver final ) )
final product at a specified have one. business name, googlemaps, and online
: : i product. i : :
Location for Product  |location by paying for directory to validate the existance of
11 Small Company 113 Delivery transportation. such address.
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The Automation Engineer

analyzed the process manufacture
and decided to assigned the tasks

to the operator, sourcing and
project engineer for

start working with the
manufacture of the product and
this use case ends when the
person of quality control verify
the product with the subject
expert material and they
proceed with the shipping.

Robotic

Operate Machinery

The operator must monitor
the parts produced by the
CNC to make sure they are
meeting the dimensions

The operator must proof the efficiency of the CNC to

Operator must vaildate that the
machinery used is balanced,checking
the specific dimensions everyday at

The operator will entering the data twice

211 manufacturing/Operator 211 specifed in the print. produce the right dimensions of the products least once every 2 hrs. and verify the data with the work order.
The operator shall run the The operator has to proof that the Code
programs for the robotic arm The operator will confirm that the G-code |is working with the machines, working

Robotic Run Program Robotic  |with Sheetcam to generate is working doing some try and failure  |with the IT deparment to corroborate that

212 manufacturing/Operator 212 Arm / Machine the post process G-code Demostrate how the robotic arm will work with theG-code before beginning the project the G-code us working well.

The automation engineer
Robotic shall design the automated The design process will proof that the
Manufacturing/Automatio system that will be integrated |Proof the results of the integration between the system and Corroborate the results of the machinary |CNC swiss lathe can work with the
221 n Engineer 221 Design Process to the CNC swiss lathe. the CNC swiss lathe with the CNC swiss lathe. products asked by the customer.
The automation engineer
shall test the automated
Robotic machinery to make sure it Develop the test for the machinery to Testing the machinery with some doble
Manufacturing/Automatio Test Automated does not collide with the Requesting an automated test to corroborate that the verify if there is an error or not with the |check of the production and see if the
222 n Engineer 222 Machinery CNC. machinery will not fail with the CNC. machinery and the CNC. CNC do not collide.
The automation engineer will
program the robotic arm to The automation engineer will confirm the | Double check with the dimension of the
Robotic Program Robotic Arm / |interface with the automated dimensions checking the data entered in |work order and taking use the right
Manufacturing/Automatio Machine system using customer The automation engineer will proof the right dimensions of the machine with the requested of the  |standards for the dimensions of the
223 n Engineer 223 specified dimensions. the products customer

products.
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The operator begins the program
in the CNC. The CNC begins taking
the material and fabricates it
accordingly. The automated
system separates finished parts
from burr. The robotic arm scans
parts periodically to assure
quality assurance. Operator takes
finished parts. This use case ends
when the desired number of parts

Interface with

The CNC machine shall
interface with the automated

The CNC swiss machine and automated system will
interface by connecting to the same network using wireless

Test that the CNC swiss machine and
automated system are connected to the

Similar applications of connecting CNC
machines to a wireless network have
shown that it is possible to communicate
wirelessly from your computer to the CNC
machine. Asimilar technology can be
used to communicate between automated

have been fabricated 311 CNC Machine 311 automated system system communication. same network by simulating connection. |system and CNC.
The same technology used for the
The CNC machine shall interfacing between CNC swiss machine
interface with the robotic The CNC machine and robotic arm will interface by and automated system will be used to
Interface with Robotic |arm to notify when parts will |connecting to the same network using wireless Test that the Robotic arm can interface  |communicate between Robotic arm and
312 CNC Machine 312 Arm be dispensed communication. with the CNC by simulating connection. |CNC
In order to take the dimensions of the
produced parts in the CNC, measuring
The CNC machine shall Will test that the CNC machine has the  |devices such as CMM (coordinate
fabricate parts in production indicated tolerance accuracy by taking |measuring machine) will be used to make
with tolerance accuracy of at | The specifications of the CNC machine will indicate the the dimensions of sample parts with sure that the CNC is giving the needed
3.13 CNC Machine 3.13 Fabricate Parts least 0.001 inches tolerance accuracy. measuring devices. accuracy.
The same technology used for the
interfacing between CNC swiss machine
The automation system will interface with swiss CNC by and automated system will be used to
The automation system shall |connecting to the same network by using wireless Test that the automation system and CNC |communicate since it is the same
321 Automation System 3.21 Interface with CNC interface with CNC. communication. are connected to the same network. connection.
The automated system shall be designed
in a way where it can separate the burr
from the final product. The burr might
The automated system will be able to be work inside the Demonstrate that the automated system |still be present but it will be minimum so
Separate burr from The automation system shall |CNC to separate the unwanted leftover material(burr) from is separting parts from burr by doing test it will facilitate the separation the final
3.2.2 Automation System 322 parts separate parts from burr the produced part. runs. product from the burr.
Will test that one conveyor will dispense |Given the limited space and the cutting
The automation system shall [The automation system will have two conveyors. One burr and the other conveyor will oil being constantly used inside the CNC
dispense parts in one bin conveyor will dispense the burr and the other conveyor dispense the parts fabricated by the swiss machine, a conveyor system will
323 Automation System 323 Dispense parts/burr and burr in another bin. will dispense the parts fabricated by the swiss CNC. swiss CNC. not be possible to use.
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Subsystem/Part U] v | Subsystem/Part Name | v | Kequirement IU | v | Regmt litle Requirement | v | Requirement Validation |v || ]A ¥l v|U~|Venfication Plan | v | Ventication Data v|
Manufacturer's manuals shall be in
Machinery shall be installed . ) Having the manufacturer's manuals and | every computer system, available to any
. A Following installation procedure manuals and B ) . 2 . .
in according to ) ) . - X X instructions available in computer's operator, regardless of hierarchy.
, instructions from machinery's manufacturer. . ) . ) )
manufacturer's database for operator's access Manuals will also be in printed version,
41 Robotic Machinery 413 Proper Installation reccomendations. stored in safety dept.
Having OSHA's reccomendations In OSHA's reccomendations in Industrial
1 r 1 1
In:v st%'al Robots and Rob:t Svstem Robots and Robot System Section IV:
1
Following OSHA's reccomendations in Industrial Robots Y N i Y ) Chapter 4 will be available in the general
i X Section IV: Chapter 4 availble in
Operators shall follow OSHA and Robot System Section IV: Chapter 4 , computer system, where all operator
N computer;s database for operator's . ) )
Industrial Robots and Robot access shall have access to, in case information
42 Personell 421 OSHA Guidelines System Section IV: Chapter 4. i from it is required.
Computer Database system will have
credentials of both authorized and non-
authorized operators. Whenever a
Clearance for machinery use will be machine is tried to be turned on, and
A security login and password will be promoted before N assigned to operators who have taken | tried to be operated, the operator will be
machinery can be used for clearance. the required training, and updated in the promted to enter their personalized
database. credentials to confirm they indeed are
Machinery shall be operated authorized, otherwise, the machinery will
only by authorized operators not run, and an emergency alert will be
42 Personell 422 Authorized Use ONLY  |who have completed training. sent to the safety dept.
Trainings for different operations will be
provided on a quaterly basis, where all
operators have to attend to be able to
contiue using the machinery. During the
traiging, operators will go over machine
If an operator does not complete a ) . . )
. . o funcitonaliy, operations, maintenance,
Every quarter, operators will be required to attend training, he or she wont be able to
training for each different machinery usage X rform regular duty tasks until aRd emesgency praceckares. Atisndance
mni ) 1 . 1
e fy usag pe Eol::m Ieltjed Y will be monitored by operators scanning
P . their employee badges by trainer, and be
logged into a computer system to confirm
they have completed the training. New
hires will be given a training regardless
Operators shall receive L
o ) . of the quaterly trainings.
42 Personell 423 Training quaterly operations training.




Subsystem and Part Design

Part being
produced

Automated System

Swiss Lathe

(Receiver) (Transmitter)
Robotic Arm Swiss Lathe
(Receiver) (Transmitter)
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-Receive signal from
CNC Swiss lathe
-Programmed to take
parts from Swiss lathe

-Will Take part from
CNC swiss machine
and...

1. Do quick scan to
determine if part is
in tolerance.

2. If partisin
tolerance then
fabrication will
proceed.

-Produce Desired
Parts as specified in
print.

-Robotic Arm
interacts with CNC
swiss type lathe.
-Separate Parts from
burr

- Programmed to fabricate
parts.

-Programmed to send
signal to Robotic Arm.

- Programmed to send
signal to automated
system.

-Receive Signal
from CNC swiss
lathe

-Designed to fit
inside CNC swiss
lathe.

-Separates parts
from burr (unwanted
material).
-Fabricated parts
should be mostly
free of unwanted
material.




Potential Customer
requesting Quote for
parts manufacturing.

Recomposing Parts into Final System

Order quantity

ReqiD: 111

Parts Specification size,
type, materal, weight Form filled out b potential
Industry Type. -

Specisl Requests

Buyer s serious

Suyer s franc
capaiiies t mest
rocts ot
Suyer hs hysien
oo for producs
v
Materials selection ) = =
Production macine S
wicion
Production order =
selection ] -
Ensure operators are
familiar with OSHA’s
guidelines and
recommendations.
Quarterly Trainings Trainings - Req ID: 423
Training on ma e e I
‘operation ‘operators inputting their

L | Training on safety
proto

Training on machinery
maintenance

personal employee codes
and/or biometrics, and be
logged into a computer system

cols

Machinery able to
operate

Clearance for Machinery Use
Req|D:4.2.2

Only authorized
personnel allowed to
‘operate machinery Computer Database s
of both

authorized and non-authorized

Raduotion ot sacidents will have credenti

Alarm trigger for
unauthorized personnel.

operators

Ensure operators are
familiar with OSHA's
guidelines and
recommendations.

AUTHORIZED
PERSONNEL
ONLY

Viable project the Robotic
Company can Accomplish

l

Proof of Funds

Verification of physical
Addres:

Production machine
selection

Production order
selection

New
Machinery
installation
shown in
slide 4

Personnel now authorized
‘and gain clearance to use
designated machinery
Records of who attended
trainings

Safety and Operations.
knowledge reinforced

l

Authorized Personnel
‘with clearance for
machinery use
Biometric and security
code verification

Inspection
Test

Final production analysis

Quality Engineer
~ReqID: 2.7-2.8

/

The project Engineer will
decide the best option of
‘materials, times, and
processes, needed for the
products asked by the
customer.

Project Engineer
-ReqiD:21-22

- Programmed to fabricate
parts.

-Programmed to send
signal to Robotic Arm.

- Programmed to send
signal to automated
system.

L 2

Ensure quality engineer Is
following the right steps
to success in the
production.

v

Test and check products
for defects and be
responsible for training
other employees on
quality control matters.

-Receive signal from
CNC Swiss lathe

-Programmed to take
parts from Swiss lathe

-Will Take part\fb\
CNC swiss machine
and...

1. Do quick scan to
determine if part is

in tolerance.

2.1f partis in
tolerance then
fabrication will
proceed.

selection

selection

After obtaining the
ormation from

er this is the

ation that can be

Machine.

-Produce Desired
Parts as specified in
print.

-Robotic Arm
interacts with CNC
swiss type lathe.

burr

-Separate Parts from

-Receive Signal
from CNC swiss
lathe

-Designed to fit

-Separates parts

material).
-Fabricated parts
should be mostly
free of unwanted
material.

from burr (unwanted

Robotic Arm
Requires a
maintenance

plan. Shown
in Slide 5

Materials selection

Production machine

Production order

ProjectEngineer
ReqID: 21-22

Quarterly Trainings

Training on machinery
operation

Training on safety
protocols

Training on machinery
maintenance

Robotic Arm Maintenance

Timer

final product

Knowledge of the right
materials needed for the
production.

Machinery needed for the

Automation Engineer
-ReqID2.425

INAC

The project Engineer will
decide the best option of
materials times, and

processes,
products asked by the
customer,

the

Manufacturer’s handling
of machinery & install
recommendations

Machine Installation -Req ID:
413

New Machinery Installation.

Ensure operators are
familiar with OSHA's
guidelines and
recommendations.

OSHA Protocols - Req ID: 4.2.1

Access available through
computer system or printed
version.

The automation engineer
must follow the plan
draw by the project

Section IV: Chapter 4

[UumS—

engineer applying hs
knowledge to improve all
the process require on the
production time line,
grouping al of them in
the same systematic

~Receive signal from CNC

Swiss lathe Robotic Arm

~Programmed to take
parts from Swiss lathe

Req. 3.3 Series

Proper Machinery
Installation

Machinery ready to be
used and operated

OSHA Industrial Robots
and Robot System Section
1V: Chapter 4

-Will Take part from CNC
swiss machine and...

1. Do quick scan to
determine if partis in
tolerance.

2.1 partis in tolerance
then fabrication will
proceed.

Alert emitted after 3,840
hours of operation

Simulation Test

Performance Test;
accuracy, speed, timing.

Physical Machinery
Components Analysis

Machinery Inspection
-ReqiD:4.1.1-4.1.2

Alert emitted after every
production run and after 3,840
hours of continuous
production.

Results will provide
information of how the
machine is performing,
and if additional
maintenance or
replacement of machinery
parts is needed.

Optimal functioning




Validating Overall System IMSE

* The system was validated by * The right system was built

- Ensuring that subsystem came because the following were met:

together as a whole. - The four subsystems (customer,
labor force, fabrication and safety)
were able to come together and
work as one system

- The parts of each subsystem
should work as planned since they
were fully verified.

- The requirements were met.

-The system should be working as
intended if it were to be tested.
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Questions?




