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Executive Summary

Decor Cabinets has asked for a design proposal comprehensively outlining a solution to the hazards
posed to their specialty department table saw operators. Small components with awkward aspect ratios
are dangerous to operate with the exposed circular saw located on a table saw. This safety concern
has been realized by Decor Cabinets in the specialty department where table saws are used due to their
functionality and accurate results. The objective of this design project is to increase operator safety
while reducing the impact of lost time in the specialty department by transitioning problematic parts
away from the table saw to the CNC mill before December 9t of 2020.

For this transition to be successful the design must increase operator safety, meet the current processing
times, be compatible with multiple materials, safely affix the part during operation, protect the tooling,
and minimize costs with a total budget of $3,000. The team worked with Decor to generate a compre-

hensive list of metrics capable of governing the success of the design project.

Brainstorming and research methods were used to develop conceptual ideas. This stage of the project
was completed using Microsoft teams to allow for safe communication of idea’s through sketches, CAD
models, and supporting images. Our team developed concepts that contained many idea’s capable of
solving the problem faced by Decor Cabinets. This list was then reduced to the top 5 concepts by eval-

uating their respective strengths and weaknesses.

The final step in choosing a design concept to enter the detailed design phase is the selection process.
Like a chain, the selection process is only as strong as the weakest link. The process used selected
decision criteria by methodically evaluating key customer needs, using a non-biased approach to identify
relationships between the criteria that dictate the weight assigned to each metric, ranking each design
concept against each metric, and summarizing the results in a weighted decision matrix. This process

resulted in the selection of the Combination concept for the detailed design phase.

The fixture concept selected was developed by first calculating the cutting forces generated by the tooling
used to manufacture the parts. The worst case cutting loads were determined to be 8.38 [Ibf]. This
value was then evaluated in comparison to the vertical and horizontal work holding forces of 535 [Ibf]
and 324 [Ibf] respectively, resulting in confidence of the ability for the fixture to hold the parts in place
during operation. The fixture support system was then analyzed to ensure that the calculated value
of 0.003 [in] did not exceed the maximum allowable vertical deflection of 1/32 [in]. Various manufac-

turing considerations were implemented to allow for Decor cabinets to manufacture this product in house.

At this point in the design it was important to validate that the detailed design of the fixture did
not detract from the original objective of this project. Some final feasibility studies were conducted
regarding the objectives surrounding processing time, cost, and failure modes. The final design concept
has a substantial gain in processing efficiency (74%) yielding a reduction of 2.76 hours for cutting 120
pieces in a peak production day, and is well under budget at a total material cost of $343.00. All of the
risks associated with the potential failure modes were deemed acceptable, not requiring further action
at this point. The positive results of the feasibility studies in this section objectively determine that the

design project was successful.
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1 Introduction

Decor Cabinets has connected with the University of Manitoba Innovative Design for Engineering Appli-
cation Program (IDEA) to involve students in the process of developing a solution to one of their industry
problems. This project aims to provide students with an opportunity to work alongside professionals,
learning how to relate the technical skills developed academically within industry projects. A successful
project also yields an engineered solution to the problems faced by Decor. The problem statement, ob-
jectives, customer needs, and target speci cations as they relate to this project are discussed in sections
1.1 through 1.4. Section 2, Concept Generation reviews the conceptual ideas developed to solve the
problem. Section 3 explains the process used to decide which concept is selected for the detailed design
phase of the project. Section 5 details the design phase of the nal concept including the analysis and
veri cation procedures implemented to verify that the design is capable.

1.1 Problem Statement

Decor Cabinets' has a variety of departments that work together to create products that can be used
throughout a house hold; from kitchen, to o ce spaces, to bedrooms, and so on. All their products are
made in house and require a great amount of manual labor. For this project in particular, the team
will be focused on a process in their specialty department. The specialty department is responsible for
making small batch components for custom cabinet projects. Table saws have been their main method
for cutting materials as they are quick to set up and simple to operate. For this reason, they are a
good t for the specialty department. This functionality has made the table saw an industry-standard

in wood-shops. However, table saws are a leading contributor to workplace accidents and safety-related
lost time incidents [1]. The daily operation of this equipment puts operators at risk. Decor would like
to reduce this risk by transitioning parts away from the table saw.

Decor Cabinets is looking at the opportunity to improve operator safety through automation. Processes
currently using a table saw to cut long narrow pieces, as seen in appendix A, amplify the risk of injury
to operators manufacturing these parts. Decor currently owns a 5-axis CNC mill (computer numerical
control) shown in Figure 1 below.

Figure 1: Homag Centateq P-110[2]

Decor would like to use this machine to cut the parts detailed in appendix A in place of the table saw.
The automated CNC mill currently utilizes a vacuum-powered pod and rail system for work-holding that
is not capable of holding narrow pieces. Decor carries two di erent pod sizes approximately 4"x6" and



4"x2". Both are too large for the speci ed target items less than 2 inches wide. Figure 2 provides a
detailed visual of the current HOMAG machine on site.

Figure 2: Pod and Rail Work-holding System [3]

1.2 Project Objectives

The objective of this design project is to design a solution capable of increasing operator safety while
reducing the impact of lost time in the specialty department by transitioning problematic parts away
from the table saw to the CNC mill by December 9" of 2020. Along with identifying the direction of
the project, the client identi ed the following list of requirements:

Maximize operator safety
" Meet size speci cations of technical drawings
" Meet cut quality standards (smooth, no chip out or surface damage)
" Match processing time of table saw
" Maximize material compatibility

~ Mitigate damage to tooling
This list of customer needs will serve as a baseline of what to expect from the project solution. This
allowed the team to outline speci c metrics to objectively evaluate and rank the ability of each of the
generated concepts' ability to meet the formal objective of this project.



1.3 Constraints and Limitations

Project constraints are restrictions identi ed as rigid by the client. They cannot be modi ed to accom-
modate solutions to the problem due to external factors that lie outside of the scope of this project.
Limitations are economic restrictions imposed on the project. They are in place to reduce capital expen-
diture and operating expenses incurred by manufacturing these parts wherever possible. The constraints
and limitations will provide baseline requirements in uencing the team's design for the solution. Any
concept generated must meet the quality speci cations identi ed by the client. Design choices and
the concept generation phase depends on balancing the con icting relationships that exist between the
constraints and limitations for the project, summarized in Table | below.

TABLE I: CONSTRAINTS AND LIMITATIONS

Constraints
Reference Number Constraint Description
The project currently does not have a speci ¢ budget,
but it was identi ed that a range of up to $3000 is
C1 Budget acceptable. If the project is to exceed the budget, a
thorough cost analysis can be conducted to
determine and justify the payback period.
The deadline of the project must be completed by
December 9th, 2020. The project is divided into four

c2 Project Time phases with speci ¢ deliverables throughout.
Details are in the project schedule section.
The design will be limited to the current machine

C3 Existing Machine | and its capabilities. The CNC machine being used currently
is the Homag Centateq P-110.

Limitations
Reference Number Limitations Description

The project must continue to comply with Decor's

L1 Safety safety standards as they are Made Safe Certi ed.
See ** below

L2 Quality The project must maintain the quality standard set by

the previous method (table saw).

** . Made Safe is an initiative by CME Manitoba (Canadian Manufacturers and Exporters) that provides
services regarding health and safety in the manufacturing environment. They make things easier for
employers and workers to have a safe workplace while maintaining productivity. [4]



1.4 Target Speci cations

Metrics determined at the onset of a project communicate the parameters surrounding success in an
objective format that remains unchanged. This way, the design process can focus on customer needs
with a clear understanding of the decision criteria. The client has set out a number of their customer
needs in the form of speci cations for this project, from the equipment used to the qualitative factors
used in their process. These speci cations are outlined as follows in Table Il below, where a value of 3
indicates the highest importance, and 1 indicates the lowest. Identifying these speci cations is important
when determining which concept excels in which area. The speci cations will be used in the concept
selection process outlined in Section 3.

TABLE II: TARGET SPECIFICATIONS
Customer Need Measure Target Unit Importance
Operator Safety Wprkplace Injury free Injuries per 3
Injuries year
Production Elapsed Equivalent or reduced
. L from current table Seconds 2
Capacity processing time .
saw times
Meets current capability
Quality Rejection rate of the table saw to hit Dimensions 3
speci ed tolerances
Amount of The target is for the
Interchangeable | materials which xture to be primarily Number of 3
Feed Materials | the xture is compatible with maple Materials
compatible with and melamine
Operator Feel Operators are comfortable
Ergonomics and comfort and con dent using the Qualitative 3
level xture
Loads exerted on the
Forces created )
by the cutting r_natenall should pe
Cutting Loads ; directed in a fashion Newton (N) 2
action of the
100l that complements the
quality of the cut
Cost per part Most economic tool will
Tool-life ber p be chosen based on cost $CDN/part 2
produced
per part
. Quallty_ parts Damage caused_ by Parts per
Part Protection | otherwise handling parts is 1
N day
damaged minimized
Number of
Tool Protection Fools dama}ged Tools are n_ot damaged by Tools per 1
in processing routing into xture month
parts
Operatin Reduce mfg. cost
Cost Reduction E)E) enseg of the xture to a maximum of $CDN 2
P $3,000.00 CDN




2 Concept Generation

The following section highlights concepts that were generated by our team. Each subsection contains
one concept idea that will give a brief high-level description of the operating principle along with the
expected bene ts and challenges. Brainstorming generated preliminary design concepts by focusing on
the direction, speci cations, constraints, and limitations. All ideas that were not feasible were quickly
eliminated without the need to invest further or create a decision matrix. Additionally, all ideas that
were similar were grouped together. The top ve concepts were selected from this list, placing a priority
on the quality of the design concept selected. Each concept is evaluated in Section 3 based on impor-
tant criteria outlined by the client described in sections \1.1: Problem™ through \1.3 Constraints and
Limitations".

Preliminary research familiarizes the team with the current technology used in the industry. When
researching typical work holding methods, examples included: top clamping, edge clamping, vacuum
clamping, vises, direct fastening, double sided tapes, and glue [5]. These methods would then be imple-
mented in systems such as pod and rail machines, work tables, or T-slot systems which are present in
the industry currently. Integrating the vacuum system from the pods into the xture is frequently imple-
mented for custom applications as the system currently exists in the machine. Other methods researched
were evaluated to try and source e cient and repeatable alternative systems. All of the concepts found
would need modi cation to suit the solution to our problem. The concepts generated have in uence from
the research but no product satis es the objectives laid out. Additionally, after generating concepts, the
team conducted a quick research on existing patents and found no complications.



21 T - Slot

The team wanted to develop one concept that placed a priority on simplifying the problem by eliminating
complexity wherever possible in the xture. The typical engineering theory used methods that are
currently available on the market. Integrating countersunk aluminum T-slot extrusions into a large piece
of organic material is an e ective solution used in wood-working. Existing T-slot products in the market
are capable of manufacturing a variety of speci ed parts due to its versatility; This is important because
it allows the two speci ed by our client to be manufactured. Figure 3(a) below shows the bevel cut T-slot
extrusions (coloured blue) integrated into a work-holding table that allows for placement of clamps on
the T-Slot matrix. Figure 3(b) gives a closer look at the top clamps that would be used. Matrix spacing

is optimized based on factors such as cutting loads, feed width, and manufacturing capacity for this
design.

(b) Detall

(a) Overview

Figure 3: T-Slot Spoil Board Concept

Advantages :

~ Several types of clamping methods available (end, toe, toggle, etc).
Forward compatible allowing for design revisions to speci ed parts.
~ Aluminum T-slot rails can be cut with tooling designed for wood.

~ Simple and inexpensive to manufacture out/in-house.

Disadvantages :

~ Reduction in operator e ciency due to increased setup requirements.
" Potential damage to tools if contact is made with the xture clamps.
" Component is heavy and awkward to lift and place onto machine deck.

Di cult to stabilize horizontal loads on the triangular part.



2.2 Vacuum

The potential need for specifying a stand-alone vacuum system left the team considering a design that
expanded the capability of the existing pod and rail vacuum system. The current pod and rail system
uses large pods that do not allow for tool clearance limiting the machine to making large components.
Figure 4 shows the concept developed by our team that uses two laminated sections of organic material
to \transfer" the suction from the factory vacuum system to the designed working-holding surface. The
suction matrix will be optimized based on the feed dimensions and would allow for the non-utilized area
to be disabling from the vacuum supply.

Figure 4: Routed Vacuum Fixture

Advantages :

~ Chip-out prevented by uniformly supporting down cut surface.
~ Organic material construction mitigates damage to tooling and machine.

Cost reduced by utilizing the stock vacuum system.

" Inexpensive to manufacture.
Disadvantages :

" Fixture must be consistently loaded into machine to prevent premature failure.
" Accurately verifying vacuum requirements based on ow analysis of the internal ow network.

" Component is heavy and awkward to lift and place onto machine deck.



2.3 Vacuum T-Slot

The team wanted to maintain simplicity while addressing the challenges presented by the rst T-Slot

concept by altering the design to integrate both the countersunk T-slot extrusions and the routed vacuum
system. Holes connect the routed channels to the stock vacuum system and a T-slot matrix to allow for
variation in the clamping procedures. The concept combats the challenge of laterally stabilizing parts,
by providing extra holding force along the length of the blank material. This also allows for forward

compatibility on a vacuum-based design. Dimensions for the matrix and the vacuum system will be
determined by factors such as cutting loads, feed width, and manufacturing capacity.

Figure 5: Vacuum T-Slot Table

Advantages :

" Several types of clamping methods available (end, toe, toggle, etc).
~ Forward compatible allowing for design revisions to speci ed parts.
~ Aluminum T-slot rails can be cut with tooling designed for wood.

" Vacuum applies primary work-holding force to stock material.
Disadvantages :

" Component is heavy and awkward to lift and place onto machine deck.

Meshing pre-existing vacuum system increases complexity and cost.

~ Fixture must be consistently loaded into machine to prevent premature failure.
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