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01. Testbed Setup
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02. Data Preprocessing

- Sampling frequency: 25600Hz
- U S AEE2 & 100ming & => F =& normal/fault signal: 154,202,000 sample
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<Fig.3> Jt& MM =2 H HIZESH encoder signal®l 2/H
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<Fig.4> Jt& WM Z2H HIZSH vibration signal
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02. Data Preprocessing

- Encoder signalS &THZ= [, StationarydtXl 242 12401 £TH => pulse/rotationS BFHEAIZA0F &
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q |
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class Angular_Resampling():
def __init_ (self, data_encoder, data_vibration, fs, ppr):
self.data_encoder= data_encoder

self.data_vibration= data_vibration

self.fs= fs
self.ppr= ppr - I I F _& _______ I \ FEE |

def resampling(self, num_divisions):
self.num_divisions= num_divisicns 2 -
index_list= list()

flag= False 14
for idx, val in enumerate(self.data_encoder):

if not flag and val> 3:
flag = True 0 r - r‘ -

index_list.append(idx)

elif flag and val< 3: ? |,
flag = False 1 1

index_list= index_list[self.ppr - 1:: self.ppr]

ppr (pulse per revolution) =|2x

def extract_start_end(angles):
start_end_pairs= [(angles[i], angles[i + 1]) for i in range(len(angles) - ]

return start_end_pairs

def resample_angles(start, end, num_samples): [[0, 27‘[], [27‘[, 47‘[] [471" 61‘[] " ]

sampled_angles= np.linspace(start, end, num_samples)

if ppr==10

return sampled_angles

angles= [(i * for i in range(len(index_list))] [ [Zn. 2 11.[@ 41.[] ]
y L ) ey

start_end_pairs= extract_start_end(angles)

resampled_angles= list() f"\f m cubic interpolation angle angle

for start, end in start_end_pairs:

resampled_interval= resample_angles(start, end, self.num_divisions) | o 6 [===--=---------
resampled_angles.extend(resampled_interval[:-1]) #same interval oo . with matisb :
b 6\ 1
i = - 3 c sTFEF S A A ¥ . : % S
inverse_cs= PchipInterpolator(angles, index_list) #Zg2f &4 | |
resampled_time= inverse_cs(resampled_angles) #S2f2 Zt->Al2t =& ) m with monotoricity preserved | H 227 |
2T @ ------ |
. N . N 2 |---- o 2 - 7 !
cubic_interpl= CubicSpline(self.data_vibration.index, self.data_vibration) . ! 1 | : :
1
! P Ly
resampled_data= cubic_interpl(resampled_time) 0 1 ! ! index i L index

index_t
resampled_data= pd.DataFrame({'Channel_1': resampled_data})

return resampled_data <Fig.6> pulse/rotationE BtEA|F|J| ¥t Angular-based Resampling
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03. Autocorrelation-based Window function

- Angular-based ResamplingS &%t Z 1, rotation® 2ot sample= JH&: 59,650,851 sample

- Time Seriestl X continuous/discrete signalOl XtJ| Xt&lik SOHL QARH] RAHEE £&6H= “Autocorrelation function”@ 82 E 0|2
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<Fig.7> Angular-based ResamplingE =&t vibration signal <Fig.8> fault gear@l 2/X|2} autocorrelation function value®l Z+H|
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03. Autocorrelation-based Window function

rot

OFeHCl Autocorrelation functionS HO9l6t= £41= &&610 autocorrelation function &5

Ry, (t) = E[vrs(t)vrs(t + T)]
GearJt 2| ™oL XT19] AHZE ES0I2= THTCE J|ZC =2 autocorrelatlon function &£ X
Autocorrelation function valueZ planet gear rotation domainQ= Hat
autocorrelation function &t2E HESH S22 HZ => noisellHE Eoll ZMHE [ B0 = 4= YA &
#acfetx T
def acf(data, t_lag):

data= np.array(data).reshape(-1)
mean= data.mean()

0k

1
k

I

numerator= .sum((data[: len(data) - t_lag] - mean) * (data[t_lag:] - mean)) va("[) = E[‘Urs(t)vrs(t-l- "[)]
denominator= np.sum(np.square(data - mean))

acf_wval= numerator / denominator

return acf_val
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03. Autocorrelation-based Window function

- Autocorrelation function value® local maximum@t=S £ ll0Fe => Hilbert transform= S2t envelop

- ring gear domain@ £ gt
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04. Model Implementation
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04. Model Implementation

- QA JHESSE ACF - based TSAE Normal, Fault IOIE N MEAI1Z! 2, =[x SHO=Z Hetgl &0l 2 Bilt= S 3.
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04. Model Implementation
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04. Model |

mplementation
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05. Result

<Fig.16> RandomForest ClassificationS &35t Z 1
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