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Abstract

|. This technical protocol defines the environmental and
structural mandates required to maintain the acoustic integrity
of Hard Maple harps. By establishing strict thresholds for
humidity (45\%\text{--}55\% RH) and temperature, this study
ensures the stability of the D-Major harmonic profile
(specifically D_4 at 293.66\text{ Hz}) intended for clinical music
therapy.

lI. Experimental Environment: Monitoring & Calibration

To preserve the hygroscopic balance of the Acer saccharum soundboard, the following
parameters are mandatory:

* Target Humidity: 45\%\text{--}55\% Relative Humidity (RH).

* Target Temperature: 20*{\circ}\text{C}\text{--}24*{\circ}\text{C}
(68™M\circi\text{F}\text{--}75M\circ)\text{F}).



* Protocol: Continuous monitoring via iPad-integrated Bluetooth sensors is required to
ensure no abrupt thermal expansion/contraction occurs.

lll. Deviation Management: The "Safe Resonance Window"

As demonstrated in the Banana Plot (See Fig 1), deviations outside the safety threshold
trigger immediate corrective actions:

* Low Humidity (<40% RH): Activate ultrasonic humidifiers. Failure to act causes
"Soundboard Sinking," increasing lever tension and risking grain fractures.

* High Humidity (>60% RH): Activate industrial dehumidifiers. Excessive moisture softens
the wood's Young's Modulus, dampening the 1\text{--}4\text{ kHz} harmonic brilliance
identified in Part I.
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IV. Structural Integrity & Tuning Standards

Systematic maintenance ensures frequency stability and prevents structural fatigue:

* Tuning Standard: A_4 = 440\text{ Hz} (Scientific Standard) or 432\text{ Hz} (Therapeutic
Protocol).

« Stress Inspection: Weekly visual audits of the Neck-to-Body junction to detect
stress-induced warping.

* Lever Maintenance: Apply laboratory-grade dry PTFE lubricant to lever cams every 6
months to facilitate seamless D-Major transitions.



Figure 2: Structural Stress Analysis and Inspection Points
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V. Material Handling & Contamination Control

To prevent acoustic impedance changes caused by surface oils:

» Manual Handling: Personnel must wear lint-free gloves when contacting unvarnished
maple components.

+ Cleaning: Use only micro-fiber cloths; avoid commercial waxes that clog pores and dampen
resonance.

V1. Methodology: iPad-Based Data Logging

For research transparency, all climate and acoustic data are logged via:

* Platform: iPad (2021 model) using Numbers or Notion database.




* Metrics: Daily recording of RH, Temperature, and the "Reference String Tension" of D_4.

Date (Time) Temp (°C) RH (%) D4 Freq (Hz) Deviation (cents) Lever Status
2026-02-20 (09:00) 225 50% 293.66 0.0 Secure
2026-02-20 (14:00) 231 52% 293.72 +0.3 Secure
2026-02-20 (21:00) 21.8 48% 293.62 -0.2 Secure

VIl. Conclusion

This protocol creates a controlled environment that validates the spectral findings of the
Hard Maple harp. Adhering to these SOPs is essential for ensuring that the "Healing Tone"
remains consistent across long-term research cycles.

VIIl. Standard Operating Procedure (SOP): Laboratory
Maintenance

1. Climate Stabilization:

* Laboratories must utilize active humidification/dehumidification systems to maintain a
constant 50\% \text{ RH} \pm 5\%.

* Ambient temperature should remain constant at 22*{\circ}\text{C} \pm 2*{\circ}\text{C} to
prevent thermal expansion of the maple fibers.

2. Deviation Protocol:

» Low Humidity Alert (<40%): Cease all acoustic recording immediately. Introduce ultrasonic
mist until RH reaches 45%. This prevents structural "Soundboard Sinking."

» High Humidity Alert (>60%): Monitor soundboard arching. Utilize industrial-grade
dehumidifiers to prevent "damping" of the 3*{rd} and 5*{th} harmonics, ensuring spectral
brilliance.

IX. Structural Audit & Acoustic Calibration

* Tuning Precision: Standard calibration is set at A_4 = 440\text{ Hz} or 432\text{ Hz},
specifically for therapeutic research.



« Stress Inspection: Bi-weekly check of the Lever Tension Ratio for FA{\#} and C*{\#} strings.
Perform monthly visual inspections for micro-fractures in the maple grain to prevent
structural fatigue.

X. Material Handling & Data Logging

» Contamination Prevention: Personnel must wear lint-free gloves when touching
unvarnished maple.

* Digital Documentation: Daily logging of RH, Temperature, and D_4 string tension must be
recorded via iPad-native applications (Numbers/Notion).

XI. Conclusion

Maintaining the hygro-acoustic balance is critical for the reproducibility of therapeutic harp
music. This protocol ensures that the craftsmanship of the Hard Maple harp remains
structurally sound and acoustically vibrant for long-term research and clinical use.

XIl. Appendix A: Laboratory SOP Checklist (Visual Compliance
Guide for Research Personnel)——

1. Daily Climate Check: Ensure Relative Humidity remains within 45%—-55%.

2. Frequency Calibration: Adjust reference string D_4 to exactly 293.66\text{ Hz}.

3. PPE Compliance: Lint-free gloves are mandatory for all Hard Maple handling.

4. Deviation Response: If RH shifts by >5\%, immediate climate correction is required.
5. Bi-weekly Structural Audit: Focus on the Neck-to-Body junction and lever tension.

6. Surface Care: Exclusively use microfiber cloths for dust removal.
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