MECE Capstone Design – FALL 2023 
Instructions for Statement of Work 
Header 
· Project title: Specific frequency band soundproof wall
· Team number and name: 3 students and 1 advisor. Yuming Zhou, Xiaoqi Wang, Tong Wu, and professor Li.
· Date of submission: about May 2025
Please note – you are not asked to prepare a title page or abstract for this document. 
Introduction, Background, and Problem Statement (1 – 2 Pages, single spaced) 
Project description: Soundproof wall design (Specific-frequency band)
Background: With the acceleration of urbanization, the problem of noise pollution is becoming more and more serious, especially in areas with heavy traffic and industrial areas. Noise not only affects the quality of life of residents, but may also have a negative impact on health. Therefore, it is of great practical significance to design an efficient sound insulation wall to reduce the impact of noise on the surrounding environment.
Multi-band noise control: noise sources are diverse and the frequency range is wide, and the design needs to consider the noise control of different frequencies. We divide the sound into three ranges by frequency band, and design the three ranges individually so that they can be used separately and, if necessary, in combination.
Material selection: It is necessary to choose materials that are both effective and economical. We will collect some more economical materials, test their sound insulation performance, and consider whether to use in the wall.
Structural design: To ensure the stability and durability of the sound insulation wall under different environmental conditions, we will use SolidWorks to design several types of wall structures and test them to the limit performance, and select the feasible ones as our wall structures.
Technical requirements:
Material properties: Select efficient sound absorbing materials, such as sound absorbing cotton, rock wool, etc., to ensure the sound insulation effect at different frequencies.
Structural design: Design a reasonable wall structure to ensure the effective use of sound insulation materials and the stability of the wall.
Acoustic analysis: A detailed acoustic analysis is performed to evaluate the sound insulation of the design proposal and to optimize it.
Project objectives:
Reduce noise pollution: Design and build a sound wall that can effectively reduce noise pollution.
Improve the quality of life: improve the living environment and health of residents by reducing noise.
Economical and practical: under the premise of ensuring the sound insulation effect, the cost is controlled to ensure the economy of the project.
Expected deliverables:
Design scheme: detailed acoustic wall design drawing and construction scheme.
Material Selection Report: A detailed report on the selection of sound insulation materials, including performance test results.
Acoustic Analysis Report: A report that analyzes and evaluates the acoustic performance of a design proposal.
Construction of sound insulation wall: a section of sound insulation wall will be built at the designated location and the actual effect is tested (Maybe a small sample).


Statement of Work (~50 – 75 words) 
Search relevant literature, conceive several wall structures and wall materials. The wall structure was made by SolidWorks software, and the physical object (sample) was made by 3D printing technology. If the test performance is good, we will consider looking for a foundry to manufacture a solid wall. This form of design process is carried out for products in all three frequency bands.
Deliverables (~200-250 words) 
Physical working prototypes: Create physical samples of soundproof, sound-absorbing walls, demonstrate the actual effects of different materials and structures, and provide relevant 3D modeling files to facilitate further design and modification. Conceptual design and simulation verification: Write a conceptual design report, describe the design concept of different structures and materials in detail, and use simulation software to verify the sound absorption effect of the design. Provide simulation results and analysis reports showing the performance of different structures and materials on sound absorption and reflection effects.
Feasibility study and multi-scenario assessment:
Feasibility study report: Evaluate the feasibility of the project in practical application, including cost analysis, construction difficulty and maintenance requirements.
Multi-scene evaluation: Evaluate different application scenarios (such as residential, office, concert hall, etc.), analyze noise source characteristics of different frequency bands, and design corresponding sound insulation and absorption schemes.
Independently manufactured frequency band samples: According to the noise characteristics of different frequency bands, soundproof and sound-absorbing wall samples suitable for low frequency, medium frequency and high frequency are independently manufactured and tested and evaluated.
Validation Plan (~350-400 words) 
Step 1: measurements
Before the installation of the soundproof wall, the sound level meter is used to measure the noise level of the target area, record the noise data of different time periods and different frequencies, and carry out laboratory tests on the selected soundproof material to measure its sound absorption coefficient and sound insulation effect at different frequencies, and record the environmental conditions of the soundproof wall installation area, such as temperature, humidity, wind speed, etc. To assess its impact on sound insulation.
Step 2: analysis
The measured noise data are analyzed to determine the main noise source and frequency range. According to the laboratory test results, the sound insulation effects of different materials at different frequencies are analyzed, the optimal material combination is selected, and the impact of environmental conditions on the performance of the sound insulation wall is evaluated, and the design is adjusted to adapt to the actual environment.
Step 3: validation
Acoustic simulation software is used to establish the calculation model of the sound insulation wall, simulate its sound insulation effect in the actual environment, and compare it with the measurement data for verification. After the installation of the sound insulation wall, field noise measurement is carried out to evaluate its actual sound insulation effect, and comparison is made with the design target. Finally, the overall performance of the sound insulation wall is evaluated according to the field test results. Determine whether the expected goals were achieved and record all data and analysis results.
 
Project Plan - Milestones and Tasks (With Dates) 
9.1-11.5 The initial preparation work for the project has been completed.
1）Confirm project objectives and assign tasks accordingly.
2）Collect relevant information and integrate it.
3）Develop a plan.
4）Theoretical verification of the plan.
5）If the plan is not feasible, modify and adjust it accordingly.

11.6-12.31 Complete the theoretical work of the project.
1）The plan is feasible, start making a detailed work plan.
2）Draw the blueprint and complete the initial draft.
3）Consult with the supervisor's opinion and make secondary revisions to the initial draft.
4）Complete the final draft.
5）Prepare interim report work (PPT, speech script, etc.).

1.1-3.1 Start making models and complete the initial stage of preparation work.
1) List the list of models to be made and calculate the amount. If the budget is exceeded, modifications or replacements must be made.
2) Purchase the necessary materials. And inspect the quality of the materials, and if they are not qualified, carry out return and exchange work.
3) Make a model according to the blueprint.
4) Conduct relevant experiments using the just made model and record the experimental results.
5) Analyze the experimental results and determine whether the model has achieved its goals.

3.2-Summer end Delivery of finished products.
1) Make secondary modifications to the model based on experimental analysis results.
2) The documents required for preparing the results presentation report.
3) Consult the mentor's opinion and modify the model according to the mentor's guidance.
4) Deliver the outcome.
5) Deliver the necessary textual and visual materials for the final presentation and complete the final presentation.
Gantt Chart 


Resources 
	 COMSOL Multiphysics
	COMSOL
	COMSOL Multiphysics is a powerful multi-physics simulation software that is widely used in acoustic and vibration analysis. Its acoustic module can simulate the propagation, absorption and scattering of sound waves and is suitable for a variety of application scenarios such as loudspeakers, silencers and sensors. The main functions include:
Pressure acoustics: Simulates the scattering, diffraction, emission, and transmission of sound.
Acoustic-structural interactions: Simulate the effects of fluid pressure on solids and structural acceleration on fluids.
Microacoustics: Analysis of sound propagation in small size geometry, taking into account viscosity and heat conduction-related losses.

	INSUL
	Marshall Day Acoustics
	INSUL is a software specifically designed to predict the sound insulation performance of materials. It can calculate sound transmission loss (TL) and sound insulation (Rw or STC) for walls, ceilings, floors, roofs and Windows. The main functions include:
Air sound insulation calculation: supports sound insulation performance prediction of various building components.
Impact calculation: Predict the impact pressure levels of floors and roofs.

	CadnaR
	Shanghaifeiyi
	CadnaR is a software for indoor noise assessment of buildings. It can quickly process and compare different noise reduction design options and evaluate the effectiveness of sound absorption3. The main functions include:
Acoustic ceiling evaluation: Evaluate the effectiveness of ceiling acoustic materials.
Evaluation of wall sound absorbing materials: Evaluate the necessity and effectiveness of wall sound absorbing materials.

	Reverberation chamber
	Not yet determined
	A reverberation chamber is a device used to measure the sound absorption properties of a material. It evaluates the sound absorption coefficient of a material by measuring the reflection and attenuation of sound waves in the room. The reverberation room features walls, ceilings and floors covered with highly reflective materials to ensure that sound waves are reflected multiple times in the room

	Anechoic chamber
	Not yet determined
	Anechoic chambers are used to measure the sound insulation properties of materials and the sound power level of sound sources. The walls, ceiling, and floor of the anechoic chamber are covered with highly absorptive materials to minimize reflected sound waves and create an environment that is close to a free field.

	Acoustic sensor
	Not yet determined
	Acoustic sensors include microphones and accelerometers to measure sound pressure levels and vibrations. High-precision acoustic sensors can pick up tiny sonic changes to help evaluate the material's noise-reduction effect

	Audio analyzer
	Not yet determined
	Audio analyzers are used to analyze the spectral and time domain properties of sound waves. It can help identify noise sources at different frequencies and evaluate the noise reduction performance of materials at different frequencies 

	Sound barrier
	Not yet determined
	The sound barrier is used to simulate the effect of noise reduction in practical applications. By setting up a sound barrier in the laboratory, it is possible to evaluate the sound insulation performance of the material under different installation conditions.


Appendices 
Any additional documents which may prevent relevant material, but are too long to be included in the main body itself or does not fit the required formatting, should be included at the end of the miniproposal as an appendix.  
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