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Analysis of Bearing Vibration Measuring Points Based on Locally
Linear Embedding Algorithm
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Nanchang 330013, China; 2. School of Mechatronic and Vehicle Engineering, East China Jiao Tong University, Nanchang 330013, China)

[ Abstract] In order to solve the problem of difficulty in determining the optimal measurement points for bearing signal acquisition.
Taking the NU306 bearing-housing system as the research object, the bearing housing to carry out multi-measurement points vibration
test experiment. The local linear embedding algorithm was used to linearly reduce the multi-dimensional space data of the bearings to
obtain the sensitivity matrix of the measurement point. The optimal position of the measuring point under varying load and rotation
speed was studied when the inner or outer ring are defective. The results show that for bearings with outer ring failures, the optimal
measurement point is the one closest to the location of the failure when the load or rotational speed increases. For bearings with inner
ring failures, the optimal measurement point is the one at lower loads far from the center of the housing when the load or rotational
speed increases. The results can provide an effective reference for the selection of measurement points under different operating
conditions.

[ Keywords] rolling bearing; locally linear embedding; sensitivity; measurement point selection
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Table 1 Geometric parameters of bearings and housings

Fig. 1
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R N BRI HAR D,/ mm 40.5
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Table 2 Experimental conditions table
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Fig. 3 Location of measuring points on the bearing

housing surface
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Table 3 Bearing outer ring fault sensitivity table

T #1 # #3 #5 #6 #7 #3

1 000 N +700 /min 0.751 0. 835 0. 855 0.513 0.678 0.814 0.725

1 000 N +1 400 r/min 0.785 0.926 0.579 0. 802 0.411 0. 800 0.754
1 000 N +2 100 /min 0. 769 0.777 0. 609 0.879 0. 546 0.794 0.797
2 000 N +700 /min 0.784 0. 806 0.677 0.672 0.770 0.619 0. 882

2000 N +1 400 /min 0.756 0.579 0.875 0. 685 0. 827 0.764 0.719
2000 N +2 100 /min 0. 805 0.777 0.775 0. 466 0. 645 0.799 0.873
3000 N +700 r/min 0. 637 0.780 0.816 0. 650 0.814 0.759 0.757

3000 N +1 400 r/min 0.775 0.823 0.747 0.717 0.633 0.723 0.819
3000 N +2 100 /min 0.824 0.757 0.674 0. 805 0.722 0. 749 0.725
RPIEHIE 0.765 0.784 0.734 0. 688 0.672 0.758 0.783
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Fig. 4 Broken line chart of bearing outer ring fault sensitivity
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Fig. 5 The average sensitivity of the outer ring measuring points

JE H B BR 55, (115 REUEE AR, Sk
BRI AR S P 25, WCTE A1 R R Ish AN 3 A 1k BUIEE
A T A 11 5

#1 #2 #7 #8 M i R AR = BB RE,
AAEA TN T T F= A BN e gl X R R #1 e
DU 5 A7 TR A b W EE 5/ INFR ST B, #7 8 i A B
A AT, PR 1 L s A SR A8 T
R I 2 /DN e s o e P 5

IS AT, AR (E i BRI o #2 #8 |
#1 #7 #3 #5 #6 W i, HT#2 #8 Fl#l I &K Fh
P A B I 20 155 T R MOR R #2 #8 Al )
9% RGUEAE S5 3 AR R, SNBSS, #1 |
#2 #8 M5 AE A [R5 T I RBUEE IR 4 s,
#1 #2 #8 W 5 RAGE Mt AR L fh 2 an &l 6 iR

6 RTN, Bl 5 G T I, #1000 e %) SR AU
(BLIE AR, #2 00 A5 SR B (R /), #8 N A iy R A i
Sl /N E R, #1 A2 5 R B AR R, #8

{'ﬂ' S RABE AR /N HR U I (EBOR, R e
SRS R OG5 Sy S 5 o 7 e 30 P00 A

HMEITCRRIN  #1 #2 #8 W S AEA R Hifar Ty R
BB ME IR 5 B #1 #2 #8 M p R AU B 2 A 22
et £ misl 7 s

HIPE 7 R B 03 K, #1 A8 ) s Y R
BECREAE S S G U/, 42 00 57 %) 238 PR (A e Dl
ANEIER , #2 R RABUZ AR AR, #8 I A5 ) R
BB R ER T DA, 02 DR il R e ) 5 AR 45
PR32 HATRE MR, TS e i 15 5 e e 1k i A
HSZ AT RS ML/ DR 0 280 Ay 18 T g I8 B 5
T AR ST BRI Y

4 NETHEREE

Table 4 Variable speed sensitivity of the outer ring

3/ (remin )AL 1000N 2000 N 3000 N I
#0.751 0.784 0. 637 0.724
700 # 0.835 0. 806 0. 780 0. 807
# 0.725 0. 882 0.757 0.788
#1 0.785 0.756 0. 775 0.772
1 400 # 0 0.926 0.579 0. 823 0.776
# 0.754 0.719 0. 819 0. 764
#1 0.769 0. 805 0. 824 0. 799
2 100 # 0 0.777 0.777 0.757 0.770
#8 0.797 0.873 0.725 0.798
0.82
0.80 |
0.78}
o
=
0.76
®
0.74F
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0.72F — 48
700 1200 2100
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Fig. 6 Measuring points sensitivity changes with rotation speed
R5 SMETHREAREE
Table 5 Variable load sensitivity of the outer ring
700/ 1 400/ 2 100/

BFA/MN W (rrmin™") (r'min~') (remin”') i
#1 0.751 0.785 0. 769 0. 768

1 000 #2 0. 835 0.926 0.777 0. 846
#3 0.725 0.754 0.797 0. 759

#1 0.784 0.756 0. 805 0.782

2 000 #2 0. 806 0.579 0.777 0.721
#3 0. 882 0.719 0.873 0. 825

#1 0. 637 0.775 0.824 0.745

3 000 #2 0.780 0.823 0.757 0.787
#3 0.757 0. 819 0.725 0.767
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Fig. 9 The mean value of the sensitivity of the

inner ring measuring points

*6 MEMERSEER
Table 6 Inner ring fault sensitivity matrix
T #1 #2 #3 #5 #6 #7 #3
1000 N +1 000 r/min 0.348 0.347 0.725 0.913 0. 785 0.785 0.931
1000 N +1 500 /min 0. 796 0. 798 0.431 0. 887 0.572 0. 650 0.907
1 000 N +2 000 r/min 0.796 0. 799 0.515 0.913 0.536 0. 613 0. 889
2000 N +1 000 r/min 0.797 0. 798 0.451 0. 904 0. 608 0. 740 0. 807
2000 N +1 500 r/min 0.793 0. 801 0.572 0. 925 0. 609 0. 860 0.527
2000 N +2 000 r/min 0. 799 0. 800 0.332 0. 879 0.619 0.677 0.893
3000 N +1 000 r/min 0.797 0. 798 0. 444 0. 885 0. 585 0. 651 0.901
3000 N +1 500 r/min 0.798 0. 802 0. 206 0. 882 0. 624 0. 678 0. 899
3000 N +2 000 r/min 0. 809 0. 809 0.522 0. 903 0. 645 0. 613 0. 825
RPUEE 0. 748 0. 750 0. 466 0. 899 0. 620 0. 696 0. 842
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Table 7 Speed increase sensitivity of the inner ring

xR8 HWAEMREEERE

Table 8 Loading increase sensitivity matrix

FEWE/(remin-') AL 1000N  2000N  3000N  HfH

#5 0.913 0. 904 0. 885 0. 901

1 000/ 1 500/ 2 000/

1 000
#3 0.931 0. 807 0.901 0. 880
500 #  0.887 0.925 0.882  0.898
#8 0.907 0.527 0.899  0.778
#  0.913 0. 879 0.903  0.898
2 000
#3 0. 889 0. 893 0. 825 0. 869
0.90} —
0.88}
0.861
ﬁ 0.84
B
X 0.82
0.80}
——5
078 "
0.76 1000 13500 2000

38/ (rmin)
B10 0 SR 0 it e s A Al T £
Fig. 10 Measuring points sensitivity changes with

rotation speed
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Fig. 11  Measuring points sensitivity changes with load
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