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Ϧ ◕  Linear guide 

Ϧ ᵩא Vibration-acoustic analysis 

Ϧ  Hilbet-Hung transform(HHT) כּ
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The vibration analysis method has been widely 

used to detect the faults of the components of a 

machine. For a positioning stage, its vibration 

characteristic is close related to the liner guide preload. 

With the attempt to clarify the meanings of the 
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vibration signal coming out from an abnormal machine, 

this study was aimed at investigating the influence of a 

fault linear guide on the vibration and acoustic 

characteristics of a positioning stage through the use of 

acoustic characteristics analysis.  

Experimental measurements indicate that a stage 

equipped abnormal linear guide indeed exhibits 

different acoustic characteristics when compared to the 

stage with well guides. Such a variation of acoustic 

characteristics can be used to find out the faults and 

cause of the stage. Generally, the vibration 

characteristics can be clearly related to the mechanical 

structural stiffness. While the variation of acoustic 

characteristics also can be ascribed to the change of the 

structure stiffness of linear guide due to the defect of 

rolling balls. But, the causes affecting the variation are 

still unknown. Hence, for practical application, the 

quantativly relationship between the acoustic 

characteristics and structural stiffness should be 

established in future work.    

 

 

 

  ⁿṇ Ṇ

ϣ ᵷ Ọ [1]ϥ

Ὰ Ḅṇⱱ Ϥ ◙

ᴢ[2,-4]ϥ⁭ ᴢϣ ᵩכּאἻ ṊḸ

ᴠᶇ ᵯϣᾮ᷀

ϥᶰᶬ ₂ϣ₥ ᶑẺ ᵩ ₣ ϣ ᴋ

ᵂ ϣἲ ẕϨ ᴒ

ẚἻ ᵐ ϣ ᷀ ᴻ ṵϣḄ

Ệ ϣ ᷃ ∏ϥ ᵣᶬ ᵀ ᴵảᶰ

RMS (Ὡᶑ ) ᷀ ϣἠỒ

Ḑ ἲ ☿ ẩ‏ ὁϣ⁪ ἲכּ

ἒ ề₥ᵌ‏ ϣᵌ‏ ẕỌḄ

◕Ϥ Ϥɱ ᵦ Ϥּס (

)é ẕϣ כּ RMS ἲ ᷀₃ϥ

ᵀ₤ Ử‖ϣᴋ ⁿṇ ∏Ḅ 10ẹᶰᴢϣἠ

ᵩ Ṭ ẕ Ṇ ϣ Ẑ

ḛϣ ᷃ᵀ◕ ϥẕỒϣ ḓẚ

ϣ ᴑḫ ╖ ◕ ἅ Ḹ

ḙϣṠ ᵌ╖ ἅ ϣᶰᵷỆ ϣ ἅ

ϥỬ ḓ ᵐᾺ ᶇ

ḓ ϣᴨẕỒϣ ᵩ

א ᵐ ᶑẺϥ 

ἠ ϣ ☼Ὁ ḓ

ϣףּ ◙Ὰ ϣ☼ ᵐ Ṡ

ᵐᾺ ϣẕỒᵌ ⱴ ᵍᶇ

ᵐᶬ ₃ ϣᶀ₥ ϣᵀ₤ ᵐ╖Ἃ ᷅Ὕ

ả Ṭϣẫ ☿Ϥ ◕ Ϥ ϤἙꜜ

ϣᶰᵷᴘ₤ᶈ ᷅Ὕ ☿ ϣ Ṭ ₤Ọ

Ỵ ◕ϣἠ Ẑ Ṇ Ẑ

ϥẕỒϣ₥ẕᵌẈ Ṭᵐ Ử Ṇᵐ

◙ ϣ ᵌẈⱱ ᴋ Ṭ₂ẫ ☿Ϥ ☼

Ὁ Ọ ᵐ ◙ ₤ϥᵀףּ ᶬ ᵐ

◕ ϣ ᴑ Ḵ ꜛḙϣ Ọ

ᶰ ᶬ ϥ ᶬ ⱱṆ ◙ⁿṇ

ᵍ᷀ ṭἒ ϣᴋ Ὡⁿṇ ᵩא ₃

ᾮ ☼ẚϣἠ ϣ Ṇ ᵐ₃

ἒ ᵌ ⱴἲ ϥ ṕϣᶰ

ᵯᵝẮẚᴋ⁮ ᶰ ᵐ ϥ₥ốϣ

ᵐ᷃ ḫ ⱱ ᴢϣ

ḫ ẚᾃṷ ᶗ ᴠᵉףּ ᶰ (offline)ᶑẺ

ἅ ϥ Ửϣ Ọιᾃ

ϣ Ἳ ᴢ (on-line detection)ϥ 

ṑ ϣ ẚ ᵍϣᾴ



 

                                                        

 

 

 

ҷ  ҷ 2010.03 ҷ75 

―ἁϥἠ ⱱ ₯ᶰᵷ כּ
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ᵩ ềả IMF ᵩ ϣᶪᴞ Ọ ᵐ

ϥỬ ἳ ᵩא ◕ᵷ ᵐ

ϣ ề ả Ḹ▒◙ ▒₨ ϥẕỒ

Ử‖ϣᾐ ἤ ᵐ ᵣ₨ Ẑᴑ -

- ᵩἩᶪ῎ᴋ Ṱ ᷃ Ḵ„

ᾇ ϣỬ ἳ ᵩאᵍ ᵩἩ₭ ᴵ

ϥ 

ẚ ◕ ᵍϣFFT ᵐ

HHT ᵐ Ἕϥ ⱱ ◕ᵷ ᵐ

ᴢϣ₥ ᵸ Ọ ϣᶬẕ FFT⁪ᵌ

ṇⱱᵩא ◕ᵷ ᵐ ϥ 

1.Ἳ (Instantaneous Frequency) 

ᵣ ₨ ᵍϣἻ ᵌḄ ᵿ ẕ

ϣḟ ᶇᵩ ₨ ☼ ₯ Ṭϣẚ╖ Ἳ

ᵐ ϣ Ẑ ⁮ ₯ Ṭ ₨ ϣ ᵣ

₨ ϣ ṹἳṇ ᵩ ᾬכּ ├

ᵩ ềả ᵣ ₨ ᵩ ϥἻ

(Instantaneous Frequency) ᴋ Ω

ϣẚ Ṙ ᵩאᵍ ⱱἻ ╖ ᶰ

Ḹ▒ᵷ ▒ ↕₨ ₃ἢ ▌ϣ⁪ᶪ −╖

ᵌ ϣἻ ṕ῎ᴋ ϥ Ṙ

ᵩאỬ‖ϣẕ ℗ ḫ ᴵⱱᴋ ᾃ

ϣẕỒ ᵿ Ọᴋ ᾃ Ḹ▒ּי◙ יּ▒

₃╖ ᾇ ϥ ⱱ

Ὰ Ử‖ ᵌḸ ϣ ᴑ ₭

Ọ Ἳ ϣỬ ṇ Gabor Bedrosianϣ☼

Ử Ṭϩ ⱱṭᴋ₨ ₭₥Ọ

Ἳ ϣḟ Ṙ ḫ Ḑ Ọ

Ḹ ϣ ⱱ ᵩאỬ‖ϣḫ ⁿ Ṭ

Ḅᶰ ἢ ₨ ᴋ Ṱϣ Ἳ ϥṭἒ

Ḅᶰ ╖ (frequency 

modulation)ϥ ᴢỌ₣ ᶑẺϩᵍּי

(inter-wave)ᵷᵣּי(intra-wave) ϥ ẚᾘᵌṹיּ

ᴋ Ḹ▒◙ ▒₨ ϣṊḸ▒ ẺỬ₃

ṭἒ ᾘּי ềᵣּי ϣỒ

ἢề ↕₨ ḛ (harmonic distortion)ϣ ᵣּי

₃ ϣẕ ᵣּי ιỌ

ϥ ᴑⁿṇἻ ᴋ╖ ϣḫ ᴋא
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ṭ ề IMF ᵩ ϣἻ ᵉḄᶰ ṇ₭

῎ᴋ IMF ᵩ ḃϣ ⱱ ₃ ϣẚẈ

ᴋ ₩Ḅ ₭ᴋ ᶰᴢ Ἳ ϥ 

2.r ₨ (IMF) 

ᴢ ╖ ᴋ Ọ ḫ

Ṭ ₨ ⱱᾇ Ὡ ᵌ ϣᶪỌ

Ẉ ṑ ᵷ ϥ ⱱ ⁮ ₯ϣ╖ ᴑ

IMFϣ₥ Ṭẫᴠϩ 

ẚ ᵍϣ ṑḫ

ṑ ◙ ảḐ ᴋ ϥẚṭἒ ᴢϣ

Ṋ ᴵ ᷅ (Maxima envelope) ᴻ ᷅

(Minima envelope)☼╖ Ὡ ᷅ (Mean 

envelop)ḫ ϥỒ ᴵ ᷅ Ṋᾇ

ᴵ ☼╖ ϣỬ ᴻ ᷅ Ṋᾇ ᴻ ☼╖

ϥ ᴋ Ṭ Ḧ (Stationary 

Gaussian process)g (Narrow band) ῏

ἝϨ ᴒ Ṭ ◕ ῏Ὰ ềᾇ ◕

῏ϥ ᴢϣ ᾇ Ὡ (Local mean)

ϣἠ ⱱ ᵐ Ử‖ϣ ᴋ ᾇ

ᶁ (Local time scale)₃╖ ᴋ ᾇ Ὡ ϥẚ

ṇᴢϣ כּ ₭ ϣ IMF ᾇ ᴵ

╖ ᴵ ᷅ ᵷṊᾇ ᴻ ╖ ᴻ

᷅ ₃ ᾇ ϣᶰᾺ ₃ᵐᶑּכϥ

Ṋᴢ ₣ ╖ ϣ῎ IMF Ḑ᷅Ὕᴋ

ϣᵌ Ọ ϥᶪẕḟ(Riding wave)יּ

ᵷ Ḅᶰ ϣ ᵌ ₯ềᴋ

ϥ 

3. ᵩ  (Empirical Mode Decomposition)כּ

EMDᶑּכḄᶰⁿṇⱱ Ḧ ◕ᶰᵷ ◕

ᵍϣEMDᶑּכἳṇ Ọ ₥ ᵩ ϣ

ᴋ ᶑẺ ⱱ₥ᶴ ᾑᵩאᵀ₤ι

ϣEMD ᵩ ⱱᴋ⁮ ᵣ

ϣᴋ IMF Ẑ▌ᴠ ₯ᵉ ề ᴋ

ϩ 

1. ẚ ᵍ ṑḫ ṑ

◙ ảḐ ᴋ ϥ 

2. ẚ ṭἒ ᴢϣ ᴵ ᷅ (maxima 

envelope) ᴻ ᷅ (minima envelope) Ḧ

Ὡ᷅ (mean envelope) ϥ IMF Ọ

ᶰᴢ₣ ╖ ϣẕỒᾤ Ṋ▌ᴠ

(Sifting Process)₃ ᵷⁿיּ ᾘιיּ

ϣ ᶰᵩ ᷀ṭᴋ IMFϣ Ṷᾮ᷀

ᵍᾇẙ ᴵ ⁪ἳṇṘᶑ▓ (Cubic Spline)

₃ề ᴢ᷅ ϣṹᾮ᷀ ᵍᾇẙ

ᴻ ᶪἳṇṘᶑ▓ ₃ề ᴠ᷅ ϣ☼

Ọ ẚᴢᴠ᷅ ᵐ ϣỬᴢᴠ᷅

ḦὩ m1(t)ϣᶪ X(t) m1(t)

ᴋ ềᵩ h1(t)ϩ 

)()()( 11 thtmtX =-  

ẚ ṇᵍ h1(t)ᵌ ᴋ IMFϣh1(t)

ᵐᵝ Ắẚ⁮ ⁪ḵ ϣᶪ₥ᴢᴠ

᷅ ᵐḦὩᴨᵌ ϣẕỒ ṹ h1 ἅᴋ

ố ᶰ Ẑᴢ Ṭϩ 

)()()( 11111 thtmth =-
 

ᴒố ₭ h11(t)ϣἠ ᵝ Ọᵌ

Ẑᴢ Ṭᵐ ϣ ᴑ kố ϣh1k(t) Ẑᴢ

Ṭ ề ᴋ IMF 

)()()( 11)1(1 thtmth kkk =--  

)()( 11 thtc k=
 

₃ ᴋ IMF ├ ᵍ ᴻ יּ

ᶪ ϣ ṹ ├ X (t) ḃ c1(t)

₭ (residue)r1(t)ϩ 

)()()( 111 trtctX =-
 

ẕ r1(t)ᵝ ᷅Ὕᴑ ảᵌẈ ϣẕỒ

ⁿṇᴢ ᶰ ₭ẍ IMFϩ 

)()()(

)()()(

1

221

trtctr

trtctr

nnn =-

¶

¶

=-

-  
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ẕỒ Ḅᶰ ₭ẍ ᵌẈ IMF(c1(t)ϭϭϭ

cn(t))ϣ ᵌ ⁿṇ ḃᵩ ├ ₭

ề ᴋ Ϥ ₨ (monotonic function)

◙ ᴋ ₨ ϣⁿ ₥ ṹכּ ᵩ ᷀ṭἒ

IMFϣ EMD ₤Ọ ᵩ ᷀₃ϣỬ

ᴠ rn(t)Ḅᶰ ἢᴋ Ὡ ϣ

ᶪẫꞈ ῎ᴋ IMF ᷃⁪᷃ᴢ Ḅᶰ

₭ ├ ϩ 

)()()(
1

trtctX n

n

j

j ==ä
=  

ⁿṇ EMDᶑּכḐ Ḅᶰ ἅϣᶅ ṭἒ

ᴋ IMF Ὁ ᶑẺ ᶰ ừ ϣ⁪ᶪ

EMD ᶑּכ ᵩ ⁪ᵌ ⱱ Ọ

☼ ḛϥ 

 

≤ ╖ ϩ℗ >2 Ω

Ṱ≤ ╖ ⸗ḫ ᶰ ⱱΩ

₣ ᶰᴢ ἅ℗ ϣᵉ ℗₭

ᵡṬϨὁ ᵣ ề ṑ

(spectrum of interest)r ( ϣpass band)ᴢ

ḛ ϥ ϩẚ ϣ≤

(Nyquist Frequency)⁪ῡỌ−╖ ╖ ϥỌ ḟ

ṇ₃ ╖ ᵍ ℗ ϣỌ ṇ₃ ╖ ᵍ

ᵡṬϥẚḴ ╖ᵍϣᾤ ⁿṇ

≤ ₃ ẚ ╖ ℗ ᵍϣ

Ἥḛ ᵡṬϥ 

 

 

 

Ḵ   ᵐ ḓ ᴋ ἅ ╖ἋḦḓ(

ᴋ)ϣᶬ Ṭ᷅ ₣ ◕ Ϥ

Ϥ ☿ Ϥ ϤἙꜜ ₯ Ϥ Ḧ

ḓ ḓ▌ ϥ ḓ ῂ S45Cϣ₥ᶴ

◕ Ṭ Ḥ ϣ ᴚ ᵩἱ ἥ

(Z0) (ZB)₣ ϥ 

 

Ḵ ệẚ ẚ ᵍḄ Ṇ

◕ᶰᵷ Ẻᵐ ᵯϥ ᵍ ᵐ

₯ ϣ᷅ ᴚϤ ♀ᴚᶰᵷ

ϣᶰףּ ḦḓẚḸ

ᴠᵐᵐ ᵯϥ ἅ ᾑϩ 

ϧ ╖ ₯ ϣ₂ẫ ᵐ ᴚ ϥ

◙ ḦḓϣᾘềḸ ᵐ

ḓᶰᵷὝ Ṭᵐ ᵐ ḓϥ 

ϧ Ἑꜜ ϣⁿḦḓ ἅ ϥⁿ

ṇ Ἤ ἅ ϣẚᵩἱ Ṋ FFT ᵩ

א HHT ᵩא Ṙẍ ḓ ᴠᵐ

ϥ 

ϧ ₣ Ẻᵐ ἅ ϣ ᶰ

ᵐᴚ ᶰᵷ ḓ ◕

ᵯᵐ ◕ϥ 

 

Platform 

Base 

Ball screw 

Linear guide  
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ⁿṇ Ϥἥ ◕ ᵐ Ḧḓ ἅ

ᶚ ϥ ᴒ Ḧḓẚ

1000rpmᴠᵐ ϣ᷅ Ϥ

FFT ᶰᵷ HHT ϥᶚ FFT

ϣḄ⸗ ẙ ϣ ṇ ᵐ╖ἋḦḓϣ

₥ ᵐṸ ⱱἥ ḦḓϣỒḄ ẕⱱ

ᴚ ᵐ ᵟ ₤Ọ ◕ϣ

Ṹ ᵲ ϥḏḙϣṊ HHT Ḅ ϣἥ

Ḧḓ ᵍẚἥ 278HzϣỬ Ḧ

ḓ ᵩ ϣᶰ 951Hz ᶬϥẕỒϣ

ᴚᴵᴻ Ḧḓ ᵐ ϥ

ᴟ☼ṕ Ḧḓ ᵐ ϣ᷅

FFT HHT ϣ₥ᵍἥ Ḧḓ

ᵍⱱ 324ѣ438Hzᶰᵷ 826Hz₣ ϣỬ

Ḧḓ ᵍⱱ 458Hz ϣ₣ ẕ

ᴚᵐᵌẈỬὉ ᵌẈ ϥ 

 

 

 

1601Hz 

1095Hz 

826Hz 
438Hz 

324Hz 

 

  (a) 1000rpm

 

 

 

   

   

 

278Hz 

 

682Hz 

 

882Hz 

 

1783Hz 

 

   

 
951Hz 

 

292Hz 

 
708Hz   

 
1171Hz 

 

1639Hz 

 

 

 

 

Z

( )

( )

( )

(

1000RPM) 

 



 

                                                        

 

  

 

 
82 ҷ  ҷ 324  ҷ 

 

 

 

  (b) 1000rpm

 

 

Ḵ Ḧḓ ◕ᵐ

ϥ ₥ᵍᴋ ᵣᴢᴠ ᵐ ϣẍ℗ᴠᵖ

ϣἢ ϣ₥ ᴟ Ḹ ϥ

ḗ ᷃ Ἃ ṕ ϥ ỒḦ

ḓẚẍ ᴠϣ ἅ ᵩאϣᶰ

ᵩἩ ẚẍ ᴠϣẍ ᵩ

ᵯ ◕ϣḄ ᷀ ẚ

 ϥףּ

ᵖ Ḹ ◕ ᵐ╖ἋḦḓẚ

1500rpm Ṭᴠᵐ Z Ẏ ϣ ᵤ ₤Ọ

◕ ᵐ╖ἋḦḓᵐ ϥᶚ FFTᵐ

Ḅ ϣ ⱱḸ Ḧḓϣ Ḧḓẕ ᴋ

ᵿϣ ἥ ◕ϣ Ṇ ἥ Ṹ

ϥ Ḵᴢϣ ᵐ Ử‖ϣḸ

Ḧḓ₣ ᵐ ᵩἩϣ⁪ ◕ϣ ṕ

᷀ ᵍ ᵐ ϣỒ FFT ṕ

ᵐ Ἕϥ 

ꞈϣ ᴎ ᴖᵩἱ ₤ỌḸ

ᵐ╖ἋḦḓᵐ ϥḸ

ḓᵐ ⸗ ᵍⱱ ᴋ (437Hz)ᶅ ᷀

ϣỬ ḓᵐ Ṋ 437Hz

ᵩ ẚ 313 430Hz₣ ϣᶪẚ ⱱṷ

ᵍϥẫẈϣ ϣ ᵐ FFT

HHT ϣὩὉ Ẉ ◕ϣẚἲ ḓ

ᶑ ϣὩ₤Ọ Ẉ ϥẕỒϣ ╖◕ᵩא

Ử‖ϣἳṇ ᵩא ḓ ϣ₤Ọᴋ╖ ϥ 

 

 

   

 

 

 

 

  (Z

1500rpm) 


