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Distributed mechanical parameters describe the vibration and geometry of the sound- 

radiating surface of loudspeaker drive units. These data are the basis for predicting the sound 

pressure output and a decomposition of the total vibration into modal and sound pressureς 

related components. This analysis separates acoustical from mechanical problems, shows the 

relationship to the geometry and material properties, and gives indications for practical 

improvement. A new kind of loudspeaker diagnostic becomes possible, and a step-by-step 

methodology is developed. Common problems are discussed in relation to design choices. 
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ᾝ ⱬ ꜚ ץ № ̆ ԅѿ ᴰ ₱

ᵣ̂ ̔ ᵣȁ ȁ ꜚ ȁ ̃ ₃ᵥ ̆ ῏ ӈ ȇ

ⱬ №  ѿ №: Ȉ[1]ѿ Ҭ ₮Ȃ ῀ U(j÷)ҍ ᵝ
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X(j÷, rc)ӊ ᴰ ₱ Ὄ Ὦ‫ȟὶ̆ ≠ץ ᾣ ⌠̆ ῀

̂ E –̃ ̆ ᾝ№ ̂FEÃ ⌠̆ 1 Ȃ 

 

 
1 Ҭ ꜚ №  

 

Ҭ ᴋ ץ ῀№ ȁ ᾝᴆ̂ ̔ ȁ ᵣȁ ̃

≠ ᾝ № ̂BEÃ [2]ς[5]Ȃ ̆№

ᾟ̆ Ҭ̆ ױ ᵬҹѿ

ῃ ῀⌠ ѿҩ ᾝҬȂ 

Һ ԍ № ̆ ῒ ≢ҍⱬ ῏ ῍

҉ ᴇṿȂ № ԋץ ̂ Һ׆̆ [1]Ҭ ₮ ̃

ҹ ̆ᶏ ᵣ ₃ᵥ ҍ ₮ӊ ῏ ҹ Ȃ 

ץ ᵌᶭ Rayleigh [1, (6)]  ̂ SPL̃

Ȃ ̆ ױ [1, (8)]Ҭ ӈ ⱴ ̂AAL̃ ̆ ꜚ

ѿҩҍ ₮ Ȃ ⱳ Ӟ ѿҩ ̆ ѿҩ

ṿ Ȃ 

№ ѿҩ ꜚ̆ ҩ ⱴ Ȃ ѿҩ

ץ № ₮ ῒ ꜚ ȁ ȁץ Ȃ ᵣ

̆ Ӈ̆ ױ ץ № Ȃ 

ҍ ῏ № ₮ԅ ѿҩ ᾝ ԍ Ҭ ra 

Ȃ ꜚ№ ̂ ԍ Ҭ ra ̃ ץ ꜚ№ ̂

ԍ Ҭ ra ̃№ № Ȃ▼Ҋ ֜№ ԍ ra

Ҍᴪ ᴋᵥ ̂ ֟ ̃̆ ѿḤ ᴇṿ Ȃ 

ױ ≠ Ҋ₃ ᾝ № ᴇṿ̔ 

ѻ ᵞ ᾝ A̔ ᴰ ᵣ 110mm ᾝ 

ѻ ᵞ ᾝ B̔ └ ᵣ 110mm ᾝ 

ѻ ᵞ ᾝ C̔ 120mm ᵬҹ ᵣ ᾝ 

ѻ 60mm ꜚ  

 

 

1  ꜚ  
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҉ ױ ᾝ ᵬ ѿҩ ҉̆ Ȃ ᵣȁ

ῒ ⌠ ᾝ҉ ̆ Ȃ Ҋ̆ ױ

ץ Rayleigh [1, (6)] ᵌ̆ ᴨ Ȃ 

  

1.1  

҉ ᴪ ̆ ғ Һ Ȃ№

ѿ ̆ Ẓ ҉ Ȃ ֓ ץ ҹ

’Ȃ ױ ῒ ̆ ₮ҳ

ṿȂ 

2 ₮ ᴰ ᵣ ᵞ ᾝ A SPL ̆ Ȃ

҉ 1KHz SPLṿ̆₃Ӎѿ Ḡ ⌠ 4KHz̆ ¤30£Ẓ ҉Ҋ ԅ 3dBȂ 

3 ᵞ ᾝ B ҉ SPL ̂ ̃̆ ₃Ӎѿ ⌠ 6KHz̆

ᵞ ᾝ B └ ᵣȂ ¤30£Ẓ ҉ SPL 2KHz Ҋ

ԅȂ 8KHz҉ץ Ҍ̆ ᵬҹᵞ ᾝ ᶏ Ȃ 4 ₮ ᵞ ᾝ C SPL

̆ ᾝ ѿҩ ᵬҹ ᵣȂ 800Hz ҩ 6dB ̆ 1.1KHz

₮ ԅѿҩ ̆ ҉ Ẓ ҉ ⌠̆ ֓ ’Ҋ ᶏ

Ҍ Ȃ 

 

2: №≢ ᾝ A ҉ Ẓ ¤30£҉ SPL  

 

 

3: №≢ ᾝ B ҉ Ẓ ¤30£҉ SPL  
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4: №≢ ᾝ C ҉ Ẓ ¤30£҉ SPL  

 

1.2  

ҳ ̂ ҩ ₮ ̃ Ẓ ⌠

Ȃ ԍ ⱳ ̆ ‗ ԅ ̂ ῤ̃ῤ Ȃ 

5 ₮ ᵞ ᾝ C 1.1KHzҳ ̆ ₮ ֽ

ѿ ῤ₮ ̆ ⱳ Ẓ ҉ ⌠ ҉ Ȃ 

 

5: ᾝ C 1.1KHz  

 

1.3 ꜚ  

№ ꜚ ׆ ⱴ AAL Ȃ ҩ ₮ԅ ҉

ᵣ ̂Ҍ ᵝ ̃ ⌠ SPLȂ 

ᵞ ̆AALṿ ҉ SPL ̆ ҹ ꜚ ѿ↨

ᵣ̆ ₮ Ȃ ̆ AAL ҉ᴪ₮ ѿ֓ ṿ̆ ֓ ṿᵝԍ

Ȃ 

ᵣ ᵞ ᾝ A AAL ҉ 1.1KHz ѿҩ ̆ 6 ̆ SPL ҉

Ҍ⌠Ȃ SPL 5KHz ᵞ ̆ ⱴ Ӟ ᵞ ₮ Ȃ  
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6: ᵞ ᾝ A AAL SPL  

 

ᵞ ᾝ B └ ᵣ̆ 2KHzץҊ̆AAL SPL ̆

7 Ȃⱴ Ӟѿ Ḡ ṿ⌠ԅ 4KHz ̆ Ҭ

10-15dB ṿȂ ԍ 10KHzץ ̆ ԍ ⱬ ̆AAL

Ҋ Ȃ 

 

7: ᵞ ᾝ B AAL SPL  

 

ᵞ ᾝ C ᵣҹѿ ̆ 850Hz AAL ҉ ₮ ԅѿҩ

10dB ̆ 8 ̆ Ӟ ԅ SPL Ҭ ѿҩ ₮ ̆AAL 4KHz ӊ

ῒ SPL ֟ ṿȂṿ ̆ ױ ⌠ AAL ҉ѿ

ṿ₮ Ȃ ԍ ̆ 15KHzץ ̆AALӞ Ҋ ԅȂ 

 

 

8: ᵞ ᾝ C AAL SPL  

 

1.4  

ѿҩ ᾢᾠ[6]Ȃ ̆ ꞊
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ѿҩ ̆ ӈҹ fraȂ ᵝ ̆ ꜚⱬ

ᵝ Ȃ ױ ӊҹľ Ŀ Ȃ ҩ ץ Ҋ ⌠̔

ᵝ rcoil ṿ ₱ Ὄ Ὦ‫ȟὶ ṿ ץ

⌠̆ ҹ ⱬ ṿὣ Ὦ‫ Ȃ 

9Ҭ frâ 632Hz̃ ₮ ԅ ᵝ Ȃ ᶏ

ᵣ₮ ꜚ̆ ѿҩ ₮ Ȃ ̆ ᵝ

Ҭ ᵝ ꜚ ễ̆ 8Ҭ SPL ҉ ԅ Ȃ 

 

9̔ᵞ ᾝ C fra ᵝ  

̂ --- ᾝ ̕ --- ᵝ ̕ --- ᵝ ̃ 

 

1.5  SPL ҉ ₮  

SPL ҉ AAL ҉ᴪ₮ Ȃ ṿ ҉Ҍ ꜚ

‫Ȃ ᵣ ᵞ ᾝ C ѿҩ ₮ fbl = 843 Hz̆ 10 Ȃ

̆ 8 SPL AAL ṿ ҉ ₮ ԅѿҩ ṿȂ 

 

9̔ᵞ ᾝ C ҩ fbl ᵝ  

̂ --- ᾝ ̕ --- ᵝ ̕ --- ᵝ ̃ 

 

1.6  

Ҭ ᶏץ ѿҩ Qṿ ᵞȂ ѿ ̆

ץ ᾧ SPL ҉₮ Ӟ̆ ץ ᾧ ҉₮ ̆

ҍ ᵝ ῏Ȃ 

–̆ Qṿ ̆ ץ [1]Ҭ ׆̆ AAL

҉ 3dB ⁞ ⌠Ȃ ᾝ ҩ

850Hz – ҹ 0.1Ȃ └ SPL ҉ ṿ̆ Ӈ
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ңṐ Ȃ ץ ᵣ ԍ ᵬ

Ȃҹԅ ⱴҩ≢ ҩ Ҍ ̆

Ӟ Ҍ ̆ ҹ ᴪ ᵞ ᾝ Ȃ 

̆ ֟ ̆ ᴪ ׆̂

҉̃֟ Ȃ ԍ ᾝ C ҩ ₃Ӎ ԅ ҩ ̆ ԅ

ᵣ Ҭ ̆ ѿ Ȃ ̆

Ӟ ⱴȂ 

 

1.7   SPL ҉ᵞ ₮  

SPLҍ AAL ҉ ԍ ҉Ҍ ᵣ № ễ Ȃҍ

῏ № ꜛԍ ױ ≢ ῏ Ȃ ҹ № №

AALṿ Ӟ̆ ѿҩ№ ֟ SPLṿ Ȃ₃Ӎ

№ ҍ ӊ ԅ SPL ҉ Ȃ 

11 5έ ᾝ C ҍ ῏ № Ȃ ̆ № ₃Ӎ ץ

̆Ҍ ῒ № ̆ 20dB ₮Ȃ fra =632Hzӊ҉̆

№ ҉ ̆ ѿҩ ₮ fbl = 843 Hz ⌠ ṿȂ ̆ №

№ ᵞ 10dBȂ 1.1KHzȁ4.4KHzȁ7KHz ₮ ԅ ̆ № ҍ

№ ₃Ӎ Ȃ 

 

 
11̔ ᵞ ᾝ C № AAL SPL  

 

№ 1.1KHz ᵝ ̆ ץ ῀ Ȃ ԍ

̆ № ׆ Ҭ ̆ 12 13 Ȃ №

ᵝ ₮  4.4KHzȁ7KHzȁ8.5KHzȁ10KHzȁ15KHz ̂ 14 ̃̆

ғ ֓ ̆ № SPL̂ AAL̃ ԍ № Ȃ 
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12: ᵞ ᾝ C 1007Hz ꜚᵝ №  

̂ --- ᾝ ̕ --- ᵝ ̕ ⅞ --- ᵝ ̃ 

 

 
13: ᵞ ᾝ C 1195Hz ꜚᵝ №  

̂ --- ᾝ ̕ --- ᵝ ̕ ⅞ --- ᵝ ̃ 

 

 

14: ᵞ ᾝ C SPL ̂ ̃̆ № ԋ ṿ ץ̆ № ҍ

№ ̂ ̃ SPL  

 

ᵞ ᾝ A B̆ №≢ ᴰ ᵣ └ ᵣ̆ ױ ῃҌ

ѿ Ȃ 15 17№≢ ᵞ ᾝ A ᵞ ᾝ B ҍ ῏ № № ̆ῒҬ

№ SPL̂ AAL̃ ԍ № 10dB̆҉ץ ̆ ₮ SPL

҉ Ȃ fraӊ҉֟ № ҉ ῒ ׆ ᶷ

Ҭ ̆ № ᵣ ῤᶷ ̆ 16 18 Ȃ ̆ ң

ᵣ ⁞ Ȃ Ӟ ᵞԅ ꜚ ׆̆ ֟

ꜚⱬѿᶷ ̆ ⱴԅ̆ ̆ ₮ⱳ Ӟ ⱴԅȂ ̆

ԅ̆ ҹ ⁞ Ȃң

̆└ᵬѿҩῃ ᾝ Ȃ 
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15̔ᵞ ᾝ A № SPL AAL ̂ ̃ҍ № SPL ̂ ̃ 

 

 
16: ᵞ ᾝ A Ҍ Ҋ № ԋ ṿ  

 

 

17̔ ᵞ ᾝ B № SPL AAL ̂ ̃ҍ № SPL ̂ ̃ 

 

 

 

18: ᵞ ᾝ B Ҍ Ҋ № ԋ ṿ  

 

1.8 ᾧ  

ᾧ SPL ҉ ṿ̆ Ӈ № SPL AAL

ԍ № SPL AAL 6dBȂ № Һ ᵬ ̆ Ӈ №№
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ԍ ꜚ̆ № └ ғ̆ ῒ̆

ᴪ ⁞ Ȃᴰ ᵣ ᴪ ԍ 70£̆ ₮ № ׆

ῤ Ȃ ѿҩ ̆ ҹ ᵣ ԍ ᵣҬ №

̆ῒ ꞊ Ӟ ᵞ Ȃ 

ᵌᵞ ᾝ C ̆ ̂>70£̃ ᵣ ᾝ

֟ ѿҩ ᵝԍ ꜚҬ ѿᶷ̆ ҹҤ № ֟ Ȃ

E ‗ ҩ ̆ Ӟ Ҍ ̆ ҹ

ῒ̆ ᵝ ᶭ № ᵌȂ ӞҌ ‗ Ȃ

ѿ Ⱳ ̆ ץ № ꜚ ᵣ r

꞊ ⌠Ȃ ױ ץ ꜚ ᵣ ᵞ ⱴ ̆ ῤᶷ

ⱴ ⱴ ̆ Ḡץ ᶷ ꞊ ̆ ץ ⱴ

ῤᶷ ꞊ Ȃ ѿ̆ҩ ᵣӞ ῒ ҩ ᶏῒץ̆

ᵣҬ ֟ № Һ ̆ 19 Ȃ 

 

19: ⱴ ᵣҬ ꞊ № Ȃ 

 

1.9Һ  

ԍ ᾝ̆ Ҍֽױ ץ ῒ ꜚ Ӟ̆ ץ ₮ῒ

ꜚ Ȃ ҉ ѿ֓ ’ ̆ ᶷ ꜚ ҉ ̆

ҹ Ȃ Ҋ 20Ҭ ᵞ ᾝ C̆ ῒ 12

ⱴ Ȃ 

 

 

20: ᵞ ᾝ C 4KHz ꜚᵝ ₃ᵥ  

 

ᵞ ᾝ C ѿҩ ̆ Ӈ ױ ץ ꜚ№ ҹ № № ̆

ȇ ⱬ №  ѿ №: Ȉ[1]Ҭ Ȃ 21 ҹ №
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AAL̆ ̆ ⱴ ̂ Ҭ ̃ᵞ 3dBȂ 

 

 

21̔ ᵞ ᾝ C № AAL ̂ ̃ҍῒ AAL ̂ ̃  

 

№ ̆ᵖ ԍ ҉֟ SPLṿ

30dBץҊ̆ 22 Ȃ № ԍ ҉ SPL ̂ ̃ Һ

ᵬ ̆ ҉ SPL SPL ₮ ₮ 40dBȂ 

 

 

22: ᵞ ᾝ C ҉  

( --- № AAL̕ --- № SPL̕ --- SPL) 

 

№ Ẓ 60£҉ ֟ SPL 23 ̆ 30dB̆҉ץ

ԍ SPL ₮ Ȃ 


