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1.0 Executive Summary

Musical instruments crafted from wood are easily susceptible to fluctuations in temperature and humidity.
Extended exposure to low humidity can cause wood to expand and contract causing damage to an
instrument. Our client Grace Shan seeks a design to store her guitar collection in optimal humidity levels
to safeguard their sound quality. We have identified the gap of this project to be the lack of a guitar
storage environment with consistently optimal humidity levels. The need is for an autonomous design that
maintains adequate humidity. We are spatially limited to the client’s music room, with modifications
pertaining to the guitar being out of scope.

The primary function is to generate adequate humidity levels to preserve a guitars’ structural integrity and
acoustic properties. Our objectives include creating a solution that enables easy accessibility and display
of the instruments while being autonomous. Key constraints include a budget of $300 per guitar, design
with a minimum lifetime of 3 years and relative humidity levels within the range of 43-55%.

Our service environment consists of three main divisions: the physical environment, which includes
natural elements and the furniture in the room; the user environment, the client’s parents; and the virtual
environment, encompassing internet connectivity and electrical infrastructure. Stakeholders of this project
include the client’s parents, acquaintances, as well as individuals living in the neighbouring houses.

The idea generation process was conducted with every aspect of the Project Requirements being
considered. To foster creativity, we implemented various techniques including the SCAMPER method,
brainstorming, blue sky thinking, lateral thinking, and morph charts. This approach allowed us to explore
a wide range of possibilities and expand our design space. With 85 ideas generated, we proceeded with
several evaluation processes including, a feasibility check, multivoting as well as a graphical decision
chart to narrow down our options.

Ultimately, we were left with 3 alternative designs that stood out. Firstly, a whole room humidifier
connected to a water supply featuring a UV light to prevent mold growth within the humidifier. Secondly,
a glass display cabinet for multiple guitars equipped with an internal humidifying unit. Finally, a
room-sealing approach containing a humidifier featuring a UV lamp to maintain optimal humidity levels
while preventing microbial growth.

After thorough discussions and the creation of a Pugh chart, we decided to pursue the first design option
due to several key objectives not being met in the second and third alternative designs. The selected
whole-room humidifier ensures the guitars remain at optimal RH levels, facilitates easy access to the
guitars and operates autonomously. Its seamless integration into various spaces, with its proven
effectiveness, durability, and reliability, made it the ideal choice.

With pre-existing humidifiers proven not to work for the client, we have based our measures of success on
simulations to test our main objectives. Testing if the solution could be left unmonitored for 7 days and
preventing microbial growth using several environments with control variables including varying
humidity, fluctuating temperature, and addition of mold spores.

To conclude, we are confident that our chosen solution will successfully fulfill all of its functions and
objectives. Upon going through our measures of success, our client can rest assured that her guitars will
be safely stored in an environment with optimal RH levels.



2.0 Introduction

Grace Shan, a resident of Toronto, ON, Canada, is an avid guitarist with a collection comprising five
instruments fashioned from wood and/or pressed plywood. A physical property of wood is that its volume
increases with its moisture content, which is dependent on the humidity of the instrument’s surroundings
[1]. Guitars undergo precise manufacturing processes within controlled humidity environments.
Consequently, any fluctuations in the instrument's moisture content can lead to significant deformations
that surpass acceptable tolerances, ultimately jeopardizing the integrity, appearance, and performance of
the guitar.[2] (Figure 1).
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Figure 1. Common ‘symptoms’ of a dehydrated guitar [2]

Ms. Shan recognizes that maintaining specific relative humidity (RH) levels is crucial for the preservation
of her guitar collection in the dry winters of her area of residence; however, high humidity levels created
by a traditional humidifying unit [3] pose the risk of mould growth within her home. This document
reviews the storage conditions of Ms. Shan’s guitar collection and synthesizes design requirements,
considering guitar preservation and stakeholder concerns.



3.0 Problem Statement

The relative humidity (RH) within the storage space of the client's guitars is presently at a diminished
level of around 30% RH [3], posing the risk of adverse effects on the playability and structural integrity of
the instrument [1]. This is caused by a combination of low environmental humidity [4] and the use of
central heating in the winter. To remedy this, the client requests a design that automatically creates and
maintains an environment with the ideal humidity for the guitars, protecting them from dryness through
winter. The guitars may be left unattended for up to a week, necessitating the need for self-management of
humidity and mold growth. Crucial stakeholders are the client’s parents, who should not be tasked with
any maintenance of the design. Ms. Shan values both the aesthetics and function of her collection, so the
instruments should be displayed and their access should not be impeded.

Therefore, the project’s gap, need, and scope are synthesized: The gap is the lack of an ideally humid
environment for guitar storage. The need is a self-managing design able to maintain the correct humidity
for safe and convenient guitar storage, which simultaneously displays the guitar collection. The scope of
this project is spatially limited to the client’s music room. Modifications to the guitars are out of scope to
maintain their original condition (Appendix A). The design is only intended to store Ms. Shan’s current
and possible future guitars, not for any other user.



4.0 Service Environment

The design will operate in Ms. Shan’s designated music room as the guitar collection, which is considered
for design compatibility (Table 2), cannot be relocated to other areas of the apartment [3]. This section is
divided into three categories: physical conditions, users, and virtual connectivity.

4.1 Physical Environment

The features and dimensions of the music room are outlined in Figure 2.
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Figure 2. The floor plan & description for the music room provided by the client

Table 1. Client’s room dimensions and materials

Dimensions e Ceiling height is 2.4 meters

and materials e Materials:

o Desk and shelf: solid pine
o Floor: carpet

Temperature, air quality, and humidity (Figures 3 and 4) are important design factors for guitar
preservation as outlined in Table 1.



Table 2. Aerial conditions

Temperature:

Consistent around 23-24 °C [3]

Humidity:
Indoor:

| Morning |l Evening

Feb-07
Feb-08
6%
Feb-09
38%
35%
Feb-10 35%

Figure 3. Humidity levels of the music room for week of February 07- February 10

Outdoor:
Month Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Oct-23 Nov-23 Dec-23 Jan-24 Feb-24
Maximum Humidity 100 100 100 100 100 100 100 100 100 100 100 100 100
Mean of Min/Max 57 63
Minimum 16 21 24

Figure 4. Monthly data for relative humidity levels in Toronto for 2023-2024 [4]

Air quality:

Windows are opened at least once a day, therefore air quality is similar to outdoor, at Air Quality Health
Index value (AQHI) between 2-4. [5]




Table 3. Detailed Guitar and equipment Information

Taylor GS-Mini
[6]

§

Solid wood

Scale Length:
23-1/2"

Body Length: 17
5/8"

Body Width: 14
3/8"

Body Depth: 4
7/16"

Neck Width:
1-11/16"

Scale Length:
23-1/2"

Gross weight: 1.8
Kg[11]

Hollow-bodied
Yamaha guitar

[7] (8]

¢ 0

Laminate Laminate
Spruce Dimensions:
Scale Length: 648  20.32 x 35.56 x
mm (25 1/2") 45.72 cm

Body Length: 512 Weight: 5.76 kg
mm (20 1/8") [11]

Body Width: 400

mm (15 3/4")

Body Depth:

100-125 mm (3

15/16"-4 15/16")

Weight: 2.2 Kg

[11]

4.2 User environment

Classical guitar

Solid-bodied

Epiphone SG
9]

Epiphone LP
[10]

ad
-
-

.
of)
Solid wood Solid wood
Mahogany Mahogany
Scale length: Scale length:

24.75"/ 628.65mm 24.75" / 628.65mm

Country of Nut width: 1.68" /
origin: China 42.672mm

Gross Weight: 3.1 Weight: 4.3 Kg
Kg[11] [11]

The client, Grace Shan, is the primary user of the guitar collection.
There are no pets or animals in the residence.
Ms. Shan’s parents live permanently in the residence and visit the room for regular cleaning. (Appendix

A)

4.3 Virtual Environment

Internet connection is available (Appendix A).
Electrical power is available (120V, 240V) [13]



5.0 Stakeholders

The proposed humidifying solution may impact stakeholders other than Ms. Shan, as summarized in
Table 4 below:

Table 4. Stakeholders and Corresponding Impact

Stakeholder Group Stakeholder Interest and Impact

The apartment is primarily occupied by her
parents.

ther Resi t Ms. Shan’ t .
Other Residents s. Shan’s parents e May use the guitar room or may choose to
undergo regular cleaning etc
e Ms. Shan may wish to bring or provide access
Ms. Shan’s to any of her acquaintances to the guitar room.

Guitar Users Acquaintances e May be impacted by humidity levels, use of

chemicals or changes to air quality

Individuals living in
Neighbours neighbouring
houses.

e Neighbouring units may be impacted by noise
or other disturbances from the design.



6.0 Detailed Requirements

Requirements for the guitar humidification design were developed through the analysis of the client
statement and meeting. Supplementary secondary research was conducted to help develop quantitative
metrics for the functions, objects, and constraints of the design.

6.1 Functions

This section articulates the essential functions that the humidification system must fulfill, derived through
the Black Box method (see Appendix B). Figure 5 depicts both primary and secondary functions for
reference.

Functional Basis: Humidify Mass

t

Primary Function

Generate adequate humidity levels to preserve
guitar’s structural integrity and acoustic quality

Secondary Functions

Display Guitar Collection Maintain Humidity Levels
Keep Guitar Secured/safe Self-Regulation
Control Mould Growth Display Humidity Levels

Figure 5. This figure describes the functional basis, primary function, and secondary functions of the
project.



6.2 Objectives

Objectives were synthesized using Ms. Shan’s client statement and benchmarking of previous design
attempts for this problem and ordered using pairwise comparison (Table 5 and Appendix C).

Table 5. Design objectives, goals, metrics and justification

Objective Goal Metric Justification
Design should:

‘ Functionality

Humidity Level e Always be within 50%-53% RH Relative Requirement from
Humidity client. [3]
Level

Convenience & e Be capable of unmonitored function for | Days Design will be left

Monitoring more than 7 days Db unmonitored for a

e Not exceed 40 dBA [15] while running number of days, and
to not disturb neighbouring residents. shouldn’t disturb

other residents. [3]

Mold Growth e Prevents microbial growth within the Days Previous issue

humidifier for at least 7 days brought up by client
(3]

Accessibility e Take less than 1 minute or less than 3 Minutes Requirement from

steps to access the guitars. Number of client, for ease of
e Not be stored in cases or require tools. | Steps use. [3]

Durability e Last longer than 3 years without Years Requirement from

replacement. [3] client [3]
‘ Budget
Cost e Cost less than $90 to maintain Dollars Requirement from

throughout the winter. [3] client [3]



6.3 Constraints
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The following Table 6 lists restrictions that must not be violated in the design using information given in
the client statement [3] and client meeting notes (Appendix A).

Table 6. Metric-based constraints and justifications

Constraints Justification
Design must (be):

Design will be left unattended for multiple days at a
time [3]

Automatic: operate without human
intervention for 7 consecutive days

Maintain 43% to 55% RH for guitars at all
times

Maintain 20-25 degrees Celsius temperature
Maximum of $300/guitar humidified
Minimum lifetime of 3 years

Entire body of guitar must be visible
Contained within a single room

Must not mar guitar surfaces at points of
physical contact.

Must not raise water activity of any materials
in the surrounding room over 0.65

Guitar relative humidity requirement [3]

Acceptable temperature range for guitar storage [3]
Client budget restriction [3]

Acceptable design lifetime indicated by client [3]
Client request for aesthetic purposes [3]

Client request for guarantee of provided operating
conditions [3]

Must not damage guitars [3]

Must not increase risk of mold growth. [3][16]
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7.0 Generation, Selection and Description of Alternative Designs

Our idea generation and selection process aimed to first produce a diverse initial design space, and use
systematic selection methods to avoid confirmation and/or other bias in our chosen design.

7.1 Idea Generation

The ideation process (Figure 6) was initiated by tasking each team member to generate 25 unique ideas, to
benefit from individual thinking's enhanced brainstorming ability [18]. After consolidating all the
brainstormed ideas and removing duplicates, the team applied SCAMPER to the ideas to expand and
diversify the solution space, seeking additional means to satisfy the project requirements. At this point,
the team reached 85 ideas (Appendix E).

Some ideas were, a wall-mounted device that monitors the entire room environment and sounds an alarm
when necessary, a smart guitar case with a moisture control feature, and a glass display that maintains a
constant humidity level. We tried to combine usefulness and style; we took inspiration from food
preservation techniques and museums. For instance, a climate room that can house an entire collection
using museum archival techniques, or guitar strings that can be kept at constant moisture levels using
silica gels, which are used in the food and beverage industry to control moisture.

Creative tools such as the Morph Chart (Appendix F) and SCAMPER (Appendix G) were then used
collaboratively to create 68 solutions that satisfy most of the secondary functions, that is, display the
guitar collection, keep them secured, control mould growth, maintain humidity levels, is self-regulating
and displays the humidity levels.

1-ldea Generation 2 - Categorization 3 - Brainstorming 4 - ldea Refinement 5 - Solution

Sessions Development
Employ brainstorming, Organize ideas based on Conduct both solo and Collaborate using Develop cost-effective,
morph charts, and the their relevance to guitar group sessions for diverse  SCAMPER to refine space-efficient, and
SCAMPER method for humidity control. insights. concepts without altering  automated humidity
varied concepts. instruments. solutions.

Figure 6. Flow Chart explaining the Idea Generation process
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7.2 Alternative Design Selection

The idea selection process utilized structured and justifiable decision making tools to ensure an alternative
design selection free of bias. Each idea was run through a feasibility check based on its ability to create
the design within a $300 budget, narrowing down ideas to 35 by eliminating any solution that is infeasible
based on approximate cost of the materials used in the designs.

The feasibility check was followed by Multivoting which shrunk the design space to 20 ideas (Appendix
H), where individual members voted based on:

a) Constraints that limit physical dimensions to within the room, visibility of the guitars, ensuring
consistent RH level.

b) Functional efficacy of the humidification system: ability to generate humidity autonomously.

c) Objectives: being able to access the guitars in less than a minute, prevention of mold growth for
at least 7 days, and durability of the design.

The 20 highest-voted ideas were then evaluated in reference to one another using a graphical decision
chart (Figure.7) based on the two main objectives, mold prevention, and convenience and monitoring (as
determined in the Pairwise Comparison Chart (Appendix C). Through the graphical decision chart, each
idea received a 0-20 rating based on how well it satisfied these objectives as shown in Appendix I. The
three designs closest to the top right corner (i.e. which best satisfy both of the objectives in question) were
chosen as the 3 alternative designs.

20

Mold Growth

0 5 10 15 20

Convenience and Monitoring

Figure 7. The scatter plot represents ideas and the scale to which they satisfy the top two objectives.
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7.3 Alternative Design Descriptions

This section provides an in-depth description of all of our 3 alternative designs. Each design consists of a
written description, a conceptual sketch, an objective evaluation table, and a list of benefits and
drawbacks to each design.

7.3.1 Alternative Design A: Waterline-fed humidifier

A whole room humidifier taking the form of a floating shelf is connected to the home water supply. A
small reservoir made of copper (Appendix J) holds water for the ultrasonic atomizer, which generates the
humidity. The reservoir is refilled when the water level drops, activating the conductive level sensor. An
electronic controller reads input from a hygrometer near the guitar stands and regulates the atomizer to
maintain the correct humidity level by compensating for the rate of humidity leaving the room (Table 7).
The design is visually described in figure 8 below.

SHELF
FUNTTI 0 DALT T Y
(BONLS)

METER,
VEAR GUITARS)

¥

Figure 8: Alternative Design A
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Table 7. Evaluation of Design A

Objective Method/degree of Achievement

Humidity Level Target levels, in playing and in storage

Convenience & Monitoring Time between refills: N/A (self-filling)
Self-monitors humidity levels

Mold Growth Mitigated by copper construction [20]

Accessibility Very easy to access, guitars on open stands owned by client
Durability Few moving parts, 2-5 years [19]

Cost ~ $375 (Appendix K)

Notable benefits of this design include:
- Constant humidity, even while playing
- No refilling

Drawbacks of this design include:
- More complicated installation (requires plumbing)
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7.3.2 Alternative Design B: Humidified Display Cabinet

Humidity is generated by an ultrasonic atomizer connected to a 6-litre water tank humidifier made of
copper within its base (Appendix J). An electronic controller reads input from a hygrometer inside the
cabinet and regulates the atomizer to maintain the correct humidity level. The cabinet provides isolation
from airflow so that the system can run longer without refill. The glass panels and integrated lighting
allow the guitars to be displayed. The humidifier will continue to run while the glass doors are open
(consuming water at a faster rate), providing humidity to the room while the guitar is being played, so that
the guitar’s environment is always within the target humidity (Table 8). The design is visually described
in figure 9 below.

e
|NTEGRATED
2 LGHTING
ADUSTARLE
METAL
: —=——— TEWPERED
NIRRT
RAI Glass
LS FAnELS
- ApsosTan e
¢ ' Bopy
Sprofrs
HU“IDLHEL'

m Pory

s

Figure 9: Alternative Design
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Table 8. Evaluation of Design B

Objective Method/degree of Achievement

Humidity Level Target levels while in storage, 30% RH (ambient) while
playing

Convenience & Monitoring - Time between refills: >2 weeks (Appendix K)
- Self-monitors humidity levels

Mold Growth Mitigated by copper construction [20]

Accessibility Need to open cabinet doors and remove from a hanger in the
cabinet (still relatively easy)

Durability 2-5 years [19]

Cost ~$400 (Appendix K)

Notable benefits of this design include:
- Aesthetic qualities
- Protection from dust
- Longer lasting between refills

Drawbacks of this design include:
- Higher cost
- Requirement of water refill every 2 weeks (Appendix K)
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7.3.3 Alternative Design C: Vapor isolation for humidity retention

Humidity is generated by an ultrasonic atomizer with a 6-litre reservoir made of copper. Waterproofing
membrane is applied to the walls and ceiling, caulk seals interfaces between the floor and walls and walls
and ceiling, and a rubber door sweep is installed, to reduce the amount of moisture leaving the room. An
electronic controller reads input from a hygrometer near the guitar stands and regulates the atomizer to
maintain the correct humidity level (Table 9). The design is visually described in figure 10 below:

ENEP
Fomw ok

APRLIED

Figure 10: Alternative Design C
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Table 9. Evaluation of Design C

‘ Objective Method/degree of Achievement

Humidity Level Target humidity in storage and while playing.

Convenience & Monitoring - Time between refills >1 week (Appendix K)
- Self-monitors humidity levels

Mold Growth Mitigated by copper construction [20]
Accessibility Very easy to access, guitars on open stands
Durability 2-5 years [19]

Cost ~300 (Appendix K)

Notable benefits of this design include:
- Plumbing-free installation

Drawbacks of this design include:
- Requirement of water refill every 1 week (Appendix K)
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8.0 Proposed Conceptual Design Specification

To identify a solution that satisfies every function and fulfills the main objectives we utilized a Pugh chart
(Table 10.) using humidipaks as a datum since it was the most effective out of the solutions the client has
tried before. This is proven since it is stated in the client statement [3] to have the least amount of
problems.

Table 10. Pugh Chart
Objectives Datum. A. Waterline-fed B. Humidified C. Vapor

Humidipaks Humidifier Display Cabinet Isolation for
Humidity
Retention
Accessibility S +1 +1 +1
Humidity Level S +1 +1 +1

(consistency in
maintaining RH)

Convenience and S +2 +1 0
Monitoring

Sum 0 +4 +3 +2

The analysis reveals that alternative design A, the Waterline-fed humidifier (figure 11), is the most
effective solution. Since all the solutions prevent mold growth through the use of copper reservoirs
(Appendix K), this objective is not considered in the pugh chart for comparison. However, the alternatives
require major changes to the room as well as more monitoring.
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Figure 11: Waterline-fed humidifier: detailed cross section

The waterline-fed humidifier solution ensures the guitars remain consistently stored in an environment
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with the optimal RH levels, even when being played. Additionally since it is connected to a water source,

water is automatically refilled into the humidifier, instituting less maintenance required through not
having to refill the tank. This design facilitates easy access to the guitars because the client can display

them anywhere within the room using the guitar stands she already owns and can operate autonomously

while having minimal impact on the room’s layout. Because this solution modifies an already existing

solution, it is proven to be effective, durable and reliable. This, accompanied by its seamless integration

into various spaces, made it the ideal choice.
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9.0 Measures of Success

The success of our proposed design will be measured through a series of calculations, and tests done to
ensure the design satisfies the main objectives: unmonitored function and prevention of microbial growth
over a period of 7 days. To validate the success of our design, a timeline was created to ensure that all
aspects are considered before the final deadline in Table 11.

Table 11. Timeline of prototype production

Timeline Details of actions during the period of time

March 26-28 Creating a virtual prototype using 3D modelling on SolidWorks

March Completion of prototype development of the waterline-fed humidifying module
28th-April 5

April 6-7 Run controlled test on prototype.

April 8 Making final revisions and refining before the final solution

Test 1: Evaluating Continuous Function

This test will evaluate whether the design will ensure the humidifier can function effectively for at least 1
week without user input and malfunctions as denoted by our Convenience & Monitoring objective.

Objective : Test for user convenience

Environment Description: The testing simulations shall take place in an enclosed isolated room with
similar dimensions to the clients' guitar storage room

Method: Switch on the humidifying system once our room humidity reading reaches 30 percent. Use a
digital hygrometer to measure the humidity and water consumption of the reservoir located between the
filler and the ultrasonic transducer. Our hygrometer of choice is the Govee Bluetooth Hygrometer which
has a refresh rate of 2s with an error reading of 2-3 percent listed on Amazon. During normal operation,
we can observe readings obtained on the hygrometer, and measure the reservoir water level during 1-hour
intervals. Alongside noting readings, we must visually inspect the humidifier daily for leaks and abnormal
noises or vibrations. The following conditions of the room environment are outlined below :

e Temperature Maintained within the room standard temperature range of (23-25°C) as specified
by the client

e Humidity: Initially set at a low level (e.g., 30%) to trigger humidifier operation. This testing
humidifier level can be achieved by opening the windows which may reduce the moisture in the
air.
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Analysis and data collection :

Obtain and plot humidity and water level readings obtained over 1 week against time intervals of 1 hour
for each day. We can create a scatter diagram and plot a line of best fit. Using our readings we can
determine :

e How quickly the humidifier reaches the target humidity

e Fluctuations over the 7 days

e C(Calculate the median, average, and standard deviation

To conclude our test we must verify that our humidity readings are consistent throughout the duration of
this test.

10. Conclusion

Three distinct solutions have been proposed to address Grace Shan's concern about designing a
cost-efficient method to humidify her guitars. The proposed humidifying system, a water-line-fed
humidifier design, carefully addresses the client's primary concern: maintaining optimal humidity levels
within 53%-55% RH for extended periods to preserve and provide optimal playing conditions for their
guitar collection. This design solution also satisfies the top objectives of operating independently,
allowing guitars to be easily accessible, and preventing mold growth for at least 7 days. Thorough testing
and evaluation procedures will ensure optimal user experience, protecting the structural integrity of the
guitars.
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12.0 Appendix

Appendix A: Client Meeting Notes (consolidated, then from engineering notebooks)

1. Placement Preference: The humidification system will be placed in a room of the client’s parents'
house, which has a single heating valve for forced heating.

2. Portability: While it would be preferable for the system to be portable for potential relocations of your
guitars, it's not a critical requirement in the short term.

3. Functions: The primary function of the system is to humidify the guitars. However, it would be
preferable if the design allows for easy access to the guitars and enables immediate playing.

4. Accessibility: While there's no preference for guitars to be on the wall or on stands, it's important that
they're easily accessible and not stored in cases.

5. Ease of Access: Having to use a tool or unlock something to access the guitars is preferable to storing
them in cases, but the ease of access is still important.

6. Aesthetics: The system should not obstruct the view of the guitars and should have a minimalistic
design that blends with the room decor, preferably in subdued tones.

7. Modifications: There are no restrictions on modifications to walls, but the HVAC system cannot be
altered.

8. Humidity Monitoring: While constant visual display of humidity is not crucial, the system should
maintain humidity levels without the need for frequent monitoring.

9. Size Constraint: While there's no strict size constraint, the system should not dominate the room
space.

10. Temperature Fluctuations: The temperature in the room is relatively stable, and humidity is the
primary concern.

11. Water Type: There's no specific water preference, but filtered water might be preferable for optimal
humidification.

12. History of Leaks: There's no history of water leaks or spills in the apartment.

13. Other Concerns: The main concern is avoiding mold growth due to excessive humidity.
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14. Impact on Others: The system should not disturb others in the house, and chemicals used should be
safe for human health and should not affect the guitars' finish.

15. Additional Information: The client will provide the floor plan, hygrometers, and pictures of the
room to assist with system development.

16. Multi-modularity : The system components operate together seamlessly in conjunction and offer a
intuitive interface to the client

17. Reservoir : refers to the small water storage tank connected to a permanent water line between the
filler and the ultrasonic transducer

18. User intervention : Involves the client refilling , triggering , relocating , maintaining the system
which should be as minimal as possible.
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Appendix B Black Box Method:

This appendix outlines the team's approach to function development, as cited in section 6.1. The black
box method examines different inputs and outputs related to mass, energy, and information, aiding in
defining the design requirements to ensure an optimal solution for the humidification system.

Input Output
Mass Mass
Guitar Guitar
Water Water Vapour
Energy Energy
Mechanical Mechanical
Electrical Electrical
Information Information
Instructions Current humidity
provided to the levels
system




33

Appendix C: Objectives Pairwise Comparison Chart
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Appendix D: How-Why tree

Objectives
How? Why?
Ease of Access Suitable Physical Convenience & Durable Protective Portable Fit Aesthetic Remain Under
Dimensions Monitoring Budget
Take less than 1 minute Assessing Size, shape, . X .
or less than 3 steps to and spatial suitability Uscr—_tncnd]mg ¥ _”d Resilience and Safeguards against Easy transport and Minimalist design Maintenance expenses
access the guitars. oversight capabilities longevity harm mobility below $70 for winter
- upkeep
Not be stored in Not exceed the _ .
cases or require ools dimensions of an f ng::;;“:.:?f:: . Last longer than 3 Minimize exposure Be movable by one Not have visually
average household Y than 7 days i years without to visible light person to facilitate dissonant colours
appliance - Not exceed 40 dBA replacement transport between

(1.3m x 2.1m x 0.6m) while running living spaces
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Appendix E: Initial list of ideas

A S AN I S

—_
—_ O

| NS T NG T NG T NG T NG T NG IS S S SN
N B WK —= O 0o QN W ~ WK

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Al humidifier system

Solar panel pHygroscopic material embedded in the guitar case
Humidity-regulating paint

Smart humidifier network with guitar case integration
Humidifier case inserts

Humidifier case lining

Water beads(orbeez)

Custom display humidifying system

Climate-Controlled Room

. Integrated Instrument Humidification System (installed permanently eg. inside guitar)
. Self-Regulating Guitar Stand

. Mist system

. Remote access design

. Humidifying robot

. Self-regulating humidity pack

. Humidifying guitar strings

. Stuffed animal humidifier

. Spray bottle contraption

. Humidity chamber

. Water cooled computer where the humidity is transferred to the guitars

. Smart humidity fabric

. Sponge in a Container

. Fish tank (humidity from tank used)

. Fogging machine

. Create a humidification system with a built-in filtration system to ensure clean moisture for

guitars.

Develop a humidification system with a humidity sensor that alerts users when levels are too low
for guitar health

built-in humidistat for automatic regulation of humidity levels

using moisture-absorbing materials like silica gel packets.

USB-powered humidifier attachment for guitar cases

timer function to control moisture release at specific intervals.

a voice commands for hands-free operation

Enclosed \ sealed cabinet with built-in humidification capabilities

utilises natural evaporation processes

system that doubles as a dehumidifier in case humidity levels become to high

water reservoir and automatic refill mechanism

Install a humidifying system inside the sound hole of the guitar maintaining the internal
structure.



37.

38.
39.
40.
41.

42.
43.

44,
45.

46.
47.
48.

49.

50.
51.
52.

53.

54.

55.
56.
57.
58.

59.
60.
61.
62.
63.
64.
65.
66.
67.
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smartphone app that allows users to monitor and control the humidity levels inside their guitar
cases remotely.

Humidifying fan system that releases water vapour in the room

Develop a lubricant for guitar slides that adjusts viscosity based on humidity

system that uses vibrations to evenly distribute moisture within guitar cases

Create custom liners for guitar cases made of breathable fabric that helps retain moisture and
protect guitars from dryness

Zeolite materials to absorb water vapour and release it in higher temperature

Built-in sensor that activates humidifier by increasing temp at low levels of moisture for zeolite to
release water vapour

Unglazed clay pots filled with water releases vapour when temp increase

Transparent glass cases integrated with steamers that release water vapour when temp rises above
25 inside the case.

Chemicals that lower boiling point of water to 25

Impedance sensors integrated with humidifier to check mold growth

Cases made of Low-E glass coated with a thin layer of metallic oxides that can reflect UV and
infrared (IR) radiation

Hydrophobic coatings and water-repellent treatments to inner-surface of glass which release
vapour

Integrated heating pad with glass to vaporise water that is sprayed on the inner surface

Mimic transpiration in plants to release water vapour

Chemic procedures such as combustion release water vapour that are stored and released through
pores when humidity levels

Convection currents set up at desired temperature to release vapour when hygrometer reading
decreases

A piezoelectric device that can convert mechanical energy from humid air to electrical energy to
stay off when air reaches desired humidity level

Integrated humidity sensors with IoT to allow remote control of humidity

Responsive architectural elements inside music room

Use a humidity tray in the room to keep the room humidified

Encase the guitars in a cabinet (glass) with a vaporiser and a hygrometer to maintain the humidity
level

Install ultrasonic humidifiers in room

Build humidity chamber

Create reusable humidipak

Conserve humidity instead of creating more through use of humidity buffering materials (silica)
Use materials with high thermal mass can help stabilise temperature and humidity fluctuations
Central Humidification System with Ducted Distribution.

Guitar humidification system using a small, low-power ultrasonic mist generator.

Guitar humidifier that uses a small, piezoelectric atomizer to create a fine mist.

A guitar humidification system that employs a small, capillary action humidifier built into the
guitar's endpin.



68.

69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
&4.
85.

Glass cabinetry
to showcase

guitars to users levels are too
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A humidity-regulating guitar fretboard oil that helps maintain optimal moisture levels and
prevents cracking.

Solar powered humidifier cabinet

Cabinet with hydrogel beads that release or absorb moisture to maintain a specific level
Cabinet with passive wicking humidifier enclosed

Wall display or cabinet incorporating a fountain or a waterfall display

Cabinet with periodic fogging/misting

Window/cold surface heating + room humidifier

Fountain

Large hanging wet antimicrobial cloth canopy

Hydroponic garden to increase room humidity + monitoring and mould control systems
Humidifying guitar case with glass front panel and built-in water reservoir

Humidifying guitar case, clear front, that attaches a hose to an external reservoir

Acrylic cylinder that goes around the guitar, atomizing water periodically to maintain humidity
Slug the guitar in oil

Cool down the guitars to increase the relative humidity

Lay a wet cloth on the guitar

Hygroscopic materials

Guitar humidification system using a small, thermoelectric humidifier for energy efficiency.

Idea Generation process derived
from our secondary functions

Primary Functon : Generate Adequete Humidity
Levels

Lo Lol

Display Maintain Humidity Detecting Self Keep Guitars safe
Guitar Levels Humidity Regulation and secure

Collection l Levels 1 1

» Built-in sensor that Humidity
humidity sensor that . .4;vates humidifier by chamber
alerts users when

releases water increasing temp at
low levels of moisture

Humidifying fan
system that

vapor

) low for guitar health
in the room

Idea generation derived from our secondary functions



Appendix F: Morph Chart to expand design solution and combine ideas

Secondary Functions

Means

Means

Means

Install a humidifying

Humidifying fan

Use a humidity tray in
the room to keep the

Dlsplay.Gmtar Enc_ase the guitars in a system inside the system that Ireleases room humidified
Collection cabinet (glass) water vapor in the .
ound hole protecting structural
room . ; .
integrity of guitars
Humidification :52}5;&“"
e Guitar Build humidity fsystem |rl1tegrated Self-Regulating Guitar attachment for guitar
chamber into a guitar stand or Stands
cases to ensure
wall hanger 3
guitars are secured
Vd

Maintain Humidity
Level

Humidifying guitar
strings

=

Fogging Machine

Moisture absorbing
materials like silica gel
packets

Create custom liners
for guitar cases made
of breathable fabric
that helps retain
moisture

Regulation

—

Humidity Regulating
paint

\

Built-in humidistat

Built-in sensor that
activates humidifier
by increasing temp at
low levels of moisture

Timer function to
control moisture

release at specific
intervals

Detecting Humidity
Level

Smartphone app that
alerts user

Humidity sensor that

levels are too low for

guitar health

alerts users when ’

Al humidifier

Responsive
architectural
elements inside music
room

Iterating Morph Chart to consolidate ideas
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Appendix G: SCAMPER Chart

Table[]: SCAMPER method to expand design space
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vapor when
temp increase

Designs
S- Substitute Sponge in a Mist system Zeolite materials | Silica Gel packs
Container to absorb water
vapor
C- Combine Impedance Water-repellent | Cases made of | Integrated
sensors treatments to Low-E glass heating pad with
integrated with inner-surface of | coated that can | glass to vaporize
humidifier to glass which reflect UV and water
check mould release vapor infrared (IR)
growth radiation
A- Adapt
M- Modify Climate-Controll | Use a humidity Central Individual
ed Room tray in the room | Humidification humidifiers
to keep the room | System integrated to
humidified guitars
P- Put to other Unglazed clay Humidity-regulati | Fish tank Mimic
uses pots filled with ng paint (humidity from transpiration in
water releases tank used) plants to release

water vapor

E- Eliminate

R- Rearrange

Utilizes natural
evaporation
processes

Convection
currents set up
at desired
temperature to
release vapor

Vapor isolation
for humidity
retention

Conserve
humidity instead
of creating more
through use of
humidity
buffering
materials (silica)




Appendix H: Multivoting process

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
45
47

Idea Name -

timer function to control moisture release at specific intervals.
Humidity-regulating paint

Create custom liners for guitar cases made of breathable fabric

Encase the guitars in a cabinet (glass) with a vaporiser

Self-regulating humidity pack

smartphone app that allows users to monitor and control the humidity levels
Hydrophobic coatings and water-repellent treatments

Open front cabinet with internal humidifier, air curtain to prevent escape of moisture
Climate-Controlled Room

using moisture-absorbing materials like silica gel packets.

water reservoir and automatic refill mechanism

Solar-powered humidity monitoring

Trays of wet gravel or pebbles under each guitar

Humidifier case inserts

Mist system

Create a humidification system with a built-in filtration system to ensure clean moisture
built-in humidistat for automatic regulation of humidity levels

system that doubles as a dehumidifier in case humidity levels become too high
Zeolite materials to absorb water vapour and release it in higher temperature
Unglazed clay pots filled with water releases vapour when temp increase
Transparent glass cases mtegrated with steamers that release water vapour
Cases made of Low-E glass that can reflect UV and infrared (IR) radiation

Convection currents set up at desired temperature to release vapour when hygrometer reading decreases

Create reusable humsidipalk

Guitar humidification system integrated mnte a guitar stand or wall hanger.

Glass front humidifying cabinet with heated glass to prevent condensation

Humidified wall display

Hydraulic ram pump powered misting system to reduce energy costs

Room humidifier with heated air curtains for the windows or other cold parts of the apartment
UVC room disinfection system + room humidifier

Infrared humidity sensors to avoid sensors all around the room + room humidifier

Clear case with hydrogel beads that release or absorb meisture to maintain a specific level
Stand with ultrasonic generated humidity misting jet directly onto the guitar. creating a localized higher humidity arez
Robot that periodically checks the humidity of each guitar and mists them if they are low
Humidifying platform (humid air rises)

Al humudifier system

Solar panel pHygroscopic material embedded in the guitar case

Smart humidifier network with guitar case integration

Water beads{orbeez)

Custom display humidifving system

Integrated Instrument Humidification System (installed permanently eg. inside guitar)
Self-Regulating Guitar Stand

Humidifying robot

Humidifying guitar strings

Stuffed animal humidifier

Spray bottle contraption

Isaac
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aurelle alex munshatia saad sam Total Votes

1 1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 3
1 1 1 3
1 1 1 3
1 1 3
1 1 2
1 1 2
1 1 2
1 2
1 2
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1
1
1 1
1
1
1
1 1
1
1 1
1
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52
53
54
55
E
57
53
58
60
&1
62
63
64
65
L
67
63
L]

41

Water cooled computer where the humidity is transferred to the guitars

Sponge in a Container

Fish tank (humidiry from tank used)

Fogging machine

Develop a humidification system with a humidity sensor that alerts users when levels are too low for guitar health
USB-powered humidifier attachment for guitar cases

a voice commands for hands-free operation

utilises natural evaporation processes

Install a humidifying system inside the sound hole of the guitar maintaining the internal structure.

Humadifying fan system that releases water vapour m the room

Develop a lubricant for guitar slides that adjusts viscosity based on humidity

system that uses vibrations to evenly distribute moisture within guitar cases

Butlt-in sensor that activares humidifier by increasing temp at low levels of moisture for zeolite to release water vapour
Chemicals that lower boiling point of water to 25

Impedance sensors integrated with humidifier to check mould growth

Integrated heating pad with glass to vaporise water that is spraved on the inner surface

Mimic transpiration in plants to release water vapour

Chemic procedures such as combustion release water vapour that are stored and released through pores when humidity levels changes
A piezoelectric device that can convert mechanical energy from humid air to electrical energy to stay off when air reaches desired humidity level
Responsive architectural elements mside music room

Use a humidity tray in the room to keep the room humidified

Install ultrasonic humidifiers in room

Multivoting process



Appendix I: Graphical Decision Chart

Graphical Decision Chart

Obj 1: Convenlence  Humidifying function without human intervention
Ohj 2: Mold growth Measure of obstruction to playing the instrument
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Step 1: Excel was wsed to vote an the ratings for asch idas on 3 seale from 1 to 20. Each taam mambar rated sach idea. and then the swarsge rating was taksn as input into the scattarplot.

Voting
Aurelle Isaac Alex Munshatia Saad Sam Averages

Idea o1 Jobj2| Oojt [oOnjz| onjt [[obj1] onjz [ oot [oni3| ooit Josi2| obj1 [obz [ lebel
Timer control function that releases himidity at rf 20| 15 18 13 20 20 10 20 10 20 10 236 136 a
Selfregulating humidity pack 15 10 13 10 18 10 10/ 15 10 5 10 152 14 b
smartphone app that allows users to monitar an| 10 15 ] 15 20 of 20 10 5 o 17 4 C
Hydrophobic coatings and water-repellent treatm 10 2 10 ] 15 15 10/ 15 10 7 10 144 84 d
Open front cabinet with internal humidifier, air cy 5 13 15 18 5 3 10| 10 15 15 10 106 152 e
Zenlite materials to absorb water vapour and rel 5 17 20 20 5 20 201 10 14 13 20 146 222 f
using moisture-absorbing materials like silica ge 10 10 7 [s] 10 5 15| 20 10 15 15 13.4 13 g
water reservoir and sutomatic refill mechanism 10 5 5 o] 5 10 3 10 20 16 17 1.2 12 h
Solar-powered humidity monitoring 2 2 & 10 4 7 10 5 5 5 10 62 114 i
Trays of wet gravel or pebbles under each guitar Q 2 10 is = 3 15 Q 0 2 10 4 12 i
Humidifier case inserts 5 0 7 ] 15 5 8] 5 5 2 10 7.8 5 I
Mist system 2 9 2 8 ] 2 2 5 15 20 10 7.2 122 |
Create a humidification system with & builtin filt 2 2 2 g ] 2 2 T 20 g 15 52 132 m
Vapor isoletion for humidity retention 20 16 o ] 20 20 20 15 15 5 14 18 16 n
system that doubles as a dehumidifier in case h a8 12 17 10 15 ] 10| 13 5 10 10 142 114 o

15 10 10 10| 1s| s s| 15 1s| 17 =20 154 17 R
Unglazed clay pots filled with water releases vap 4 2 2 2 10 10 51 16 15 0 15 8.4 12 q
Transparent glass cases integrated with steame 17 1 o] ] 13 17 10 10| 15 14 72 r
Cases made of Low-E glass coated with & thin g o] 5 ] 4] ] o 10 o] ] 15( 10 3 6 5
Convection currenis to release vapour when hyg 18 18 8] [s] 20 20 10 15 20 8] 5 146 146 t
Encase the guitars in a cabinet (glass) with a va 10 18 10 3 13 17 17| 18 15 2 20 14 186 u

The voting process for graphical decision charts.

Appendix J: Use of copper

Copper is a powerful antibacterial metal. It releases ions that damage bacterial cell membranes making
copper highly effective at killing a wide range of harmful bacteria including mould. Using copper within
our designs kills off any existing mould but also prevents any possible growth and contamination. [20]
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Appendix K: Alternative Design Estimates and Calculations

Design

Cost Breakdown

Design A: Whole-room humidifier setup

$150 custom humidifier (based off of $125
retail humidifier) [21]

$50 for the self-filling system (estimate)

<$100 everything else - water and electricity
usage (estimate)

$150 plumbing (estimate) ~ 1 hour or DIY = $0

Total: $300-450
Average $375

Design B: Humidifier Display Cabinet

Benchmark humidifier [] lasts 50 hours at an
output of 550ml/h. The guitar cabinet is
isolated, and should need much less
output/time. If it uses 1/10 of the water/hours,
it would last for 500 hours, which is slightly
less than 3 weeks.

$50 humidifier (benchmarked with an a small
humidifier [21]

e $250 cabinet (benchmarked with a popular glass
cabinet [22]

e <$100 everything else - water and electricity
usage

Total: $400

161 sq foot / 110 square foot per gallon = 1.5 gallons
1.5 gallons * $75 per gallon = $112 of RedGard [23]
Humidifier $125

caulking, door sweep, water, electricity <$100

Total: $350
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Attribution Table
Tutorial #: | 0110 Team #: | 065
Assignment: | Conceptual Design Specification Date: | 25 Mar 2024

The Attribution Table is a major resource used by your TA in determining whether there was equal
contribution to the team assignment. If your TA determines that there was significant under contribution,
then they may apply an individual penalty to the under contributing team members’ grade. As a future
professional engineer you should NOT sign any document you have not read and do not agree with.

The Attribution Table must be completed, signed by all team members, and included as an appendix of
your assignment AND uploaded to your MS Teams team channel. Teams who do not submit a completed
form, including those that submit an incomplete form, such as one missing a team member’s signature,
will receive zero on the assignment. The team may submit a petition to the ESP Office if they feel the lack
of signature is through no fault of the team.

The Attribution Table should accurately reflect each team members’ contribution to the document. Be
sure to keep a copy of this form for the team’s records.

If there are irreconcilable differences that are preventing all team members from signing the attribution
table then each team member must write a letter (<one page) explaining their position on the difference
and suggest a solution. These letters much be submitted to the TA.

As with any engineering statement this attribution table must be backed by credible evidence. In most
cases this will be found either in the Google Docs document revision history, or your engineering
notebook. Making fraudulent claims in an Attribution Table displays intent to deceive and is a serious
academic offence.

Student Names
Section
Alex Aurelle Isaac Munshatia |Saad Sam
. ET WD FP FP
Executive
Summary
) FP FP FP FP
Introduction
(revision)
FP FP FP FP
Problem
Statement
(revision)
. FP FP FP FP
Service
Environment
(revision)
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Stakeholders FP FP FP FP
(revision)
. FP ET FP FP

Detailed
Requirements
(revision)
dea MR ET ET MR FP RS1 WD OR1
Generation
Process

. FP ET MR FP WD
Alternative
Design
Selection

. ET WD OR1
Alternative
Design
Description

WD ORI ET
Proposed
Conceptual
Design
WD ET ET FP WD ET

Measures of
Success

. WD FP FP FP WD
Conclusion

. FP WD
Reference List
WD RS2 WD FP WD MR WD

Appendices
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Fill in abbreviations for roles for each of the required content elements using the abbreviations found on

the next page. You do not have to fill in every cell.

RS — Research (give details below)
WD — Wrote Draft

MR — Major Revision

ET — Edited

FP — Final Proofread of COMPLETE
DOCUMENT veritying for flow and
consistency

OR — Other (give details below)

If you put RS (research) please add a number identifier such as RS1, RS2, etc. Give the research question

/ topic:

RS1 Idea generation techniques research

RS2 Use of copper as an antimicrobial material

RS3

If you put OR (other) please add a number identifier such as OR1, OR2, etc. Explain the role below:

OR1 Created graphics

OR2

By typing your name below to sign, you verify that you have:

e Read the attribution table and agree that it accurately reflects your contribution to the associated

document.

e Written the sections of the document attributed to you and that they are entirely original.

e Accurately cited and referenced any ideas or expressions of ideas taken from other sources according

to the standard specified by this course.

e Read the University of Toronto Code of Behaviour on Academic Matters and understand the
definition of academic offense includes (but is not limited to) all forms of plagiarism. Additionally,
you understand that if you provide another student with any part of your own or your team’s work,
for whatever reason, and the student having received the work uses it for the purposes of committing
an academic offence, then you are considered an equal party in the offence and will be subject to

academic sanctions.
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