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Abstract; Gear faults manifest in the frequency spectrum as multi-order modulation sideband clusters phenomenon center on the meshing
frequency and its higher-order harmonics, spaced by the gear rotation frequency. In order to automatically focus the fault side frequency
components, a method of fault side frequency cluster extraction with penalty regression was proposed. Adaptive sparse group lasso regression self-
data-driven strategy was used to determine the penalty coefficient size and update the spectrum weight online to find the fault sideband clusters.
Based on the sideband weight coefficients obtained from sparse group lasso regression, a new index called the sparse group lasso sidebands indicator
was proposed for the health monitoring of gear transmission systems, enabling the early fault warning and location of gear transmission systems.
Results analysis show that the proposed method can provide more accurate gear early fault detection and fault location.
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Fig.2 Schematic diagram of gearbox structure

R1 BRINERERETR MG RE
Tab.1 Rotation frequency and meshing frequency of

the simulated gearbox

BN wEEOS R MRS
ZH FeO Do Bt IR et

f./Hz fi/Hz |,/ Hz f,/Hz f./Hz
il 40 1 160 12.21 439.58  4.88
PRENT BT SR F
n, (1) =(6-0.5i)sin(2wif;1) ,
ie{l,2,3,4},:[0,500] (22)



4

FLPETR] , 45 - 147 58 14 3l 28 G0t M 00 e e 0 0 A 530 U 4R O T 1% - 193

n,;(t) =(6-0.5i)sin(2wif5t) ,
ie{l,2,3,4,5,6,7,8,9,10¢{,t[0,500]

(23)
%w(t),te[o,lso]
xzd‘(t): 1
7§'+§é6ﬁn(47jﬂj)-fw(t),te(lSO,SOO]
(24)
%"'w(t),te[()j()()]
x4,j(t)= |
3 e (Bf) +w(1) e (300,500]
(25)
%+w(l),te[0,400]
xS,j(t>: !

t . .
Y +%sm(101'qfht) +w(t),t e (400,500]

(26)
y(t) = Z;nl,i(t) +_25n2,i(t) +

#2.,4,

nas (1) X ;x”m e (1) % 3w, (1) +

n,s(t) x szvj(t) + 10w(t) ,t € [0,500]

(27)

Ho o (o) MIEMEN 1 &AM, hEES
AN 51 S 56 SR FH A 9] 119 2 5000, SRS R N
12 800 Hz.

iEAF S 7 0 ~ 150 s Jo i1 45 i 43 150 ~
300 stHELLL £, 19 2 A5 R ot o, SRy TR] B 4 2 4
B HAZH i 43 32 i3 K 5300 ~ 400 s HELL
S W2 A AEHRR v L, SRy 18] B 1 28 73 HL 2
AT 53 72 WG K 5400 ~ 500 s (HBLLL f, 192 .4
5 RERTUCR R L fy, S 18D B A 20080 B 43 L% 300 51
VARz3LiEii NS

WG SR EM g, =3,0=0.05,A =
0.01, FIFH 20 s PEE TR , 752 s BT — KT
T H 30 YU A Ry g R A W A KRR R
10 YHRE T3, A KO T OSSR, [ml e
RIEEEATRAE 34, A B, B — B w3 01 2R A
BRI TR A B S B B b R B IR o 3, B — B
AT LA EN 2 x3 =6, f1 T RAEE LY
BT, S50 AT LA AR B A 5000 Hz 2245 (5 B
ME5 RN A 12 800 Hz) , [RIIGH /A B 5
WWIBE N 4 f, W UGRIICE S 10, fif LA 4
M ETPRE DB 2 x4 +2 x10 =28, 41
Y730 (R — D 58X I AR AE S —4, 3k 4 41,

PR bk g3 20 075X 2 e T A 2
DA B LAy B B (A A, A&l 3 Fizs o A
A, 7 FLAE 2 AT DL IE B S W SRR 147 48 AR 1
fF9.

0.5

0.4F

03F

MR

02F

01 g s

ol L L ) L
20 120 220 320 420 520

mfIH /s

B3 vk w93 2 A5t Y i (B e
Fig.3 Amplitude variation of 2 times the

engagement frequency of gear Ill

SSL R W iR IR AL %0 162 s, Unl&l 4 fir
7, PR BUEA — B %46 bR T LUR T
B P

100 2(‘)0 360 40‘0 500
B/
P4 SSI Sl 4 B A e AR
Fig.4  SSI monitoring on the simulated gearbox
] SGL [m] =R A5 1A 56 T k45 43R 2 A5 03
RAE 5 A [ U0 2% R BE i [ 1y 22 4k, Qi8] S i
[ U RO AR TR BN 2 162 s, 5l e A=
%) 150 s FA—H, X4 5 A mE 5955 4 1%
BRI S AFAREA T FFAE 34T , 101 020 28 B0 O - fg g
[ 760 L S5 B e [ B AR — B

10

1.0
0.5
L 0
5 0.5 \ \
v. A )

1.0
150 160 170 180 |

ETZEF

— 1 0 L L 1
100 200 300 400 500

mfIH /s

s Pk w3 333 2 APt it S a1 2R %5
Fig.5 Gear real-time regression coefficient of

2 times the engagement frequency of gear [l

i LR A 1) A T OGS 7 18] U1 28 Rt 24 Oy
0o PRMHAHE I Al Bt R 0 1, Hoo th e e sl



- 194 - (FE TR SR S AN S

547 &

APy 0, AT LA TR E A
5 iR ANES LI IEE

N T B UEFRE Tk R 1A e ekt B e D Y R,
(o A S0 o 7 i S 8 5 O B A T IR E . R AR
5 DN 58 A I s g 5 (3L 6 JdE,
AR XY Z =AT5 0 G XY Z = A8
[]) s RAFHA N 12. 8 kHz SRAERT K 2. 56 s RAE
[E1f 2 min; iy A FEH 40 Haz, (5 5846 45 F4 /R 7
PIANIET 2 B o 45 W5 03 B A5 e i e 05 1
RO B aAiair iy 110 h, SEPRi RA0E
otk e MR DUk i 2 W A7, 1A 56 I 544 5 IV 4% 47
AT RS 5l PRl A 1 i AL 0,
B W, IR UEAR T3 3 X TR B AR AR Y
SR fdt I A Y 7 1) (e 7 1) S i 7 1) )
ARSI 155

ARSI iz e 1L Bl AR G 5 i IR Bl i
SPIEANE 6 Prs ol i R 3h 55 0k A
LRSI B e A I 2, L RE R BRAE B A A AR
SO0 Sl o T R A A 2 K X A AT f BREAR

A

TEfE ()

0 1500 3000 4500 6 000 6 500

[k /min
K6 RahfE S mHEgIE K
Fig.6  Vibration signal time domain waveform

A FHAS 7570 X0 4 8 4% 8l 2R G A e T e
HERT 30 MRBNE & S IEH RE T 1E .
fEA % KO 30 HAgHS 1 R RS s e 1 sgn itk
FME SR REES .

AL, VIR SERENT ., =2, 0 =
0.05,1 =0.01, K Pr Rk SedEATAREAL , X 1E
FARZS(HCU0™) (19 NSI, 5 H R (U 17 1
NSI, 147 SGL [a] 5 A% [l 5 28 %5 X 4 — >4
ik, B R I 20 22 i BT A ] 0 2R ) S AEAT D i
FROUERALEE ZR 8, 15 B S 2411 SST, Jf 52 B 5T o
TS G R R I B B, A Sy 3 7 BT Y A (LAY 2R
AXTRAE 2R BRI AR (B 52 W AN B 42, S 25 %) B3
AL B T A R 7 A SR o Ik 3 LA
T U X A B AR 2 X AR R B (R AR
BTN o O T WERA AT 5B 5 L, 33X A oy 510
A BIMER ] ASGL G332 A7 52 Ik B3, i FH 52 g

FOHT A SEFTRRE REC TR MR R RS U e X
I REAE B AR 2 22 550 A B A T P R OR i,
PRV RS o B B BOoR B e i SSIAFIE(E
WE 7 fiR .,

1 1 1 I I
0 1500 3000 4500 6 000 7 500
Fif /] /min

7SS SZA W ) S5 56 145 4 A4
Fig.7 SSI real-time monitoring on experimental gearbox

Sh TR B 1)L S R e ) R AT R B, R —
AT BE A BOE . ASSEE SR SST 1Y
Hif S00 A E i sl BEATHHA (AN 7 Fivos ), 45 3
w=0.402 3,0 =0.089 6, F. iy o % 2 [ e +
30 =0.671 1, R E W % 24 5 542 min, {5 W]
5 542 minfhf ZITF R K AR T LR

SRy B AE BT B 5 1 A R S T AR S A3 T
BATELRTERE, 5 LR I k8 bR i AT 1 % HE o
8 ~ 11 3% H T OWIE' (optimal weight
impulse extraction ) | GITS'"™) (Gini index of trend
spectrum ) U & A7 &% (B -5 500 48 A A I AL
ARUE AU LR H IS b S TE IR 2k
R A BT B R bR XE LA AT B Y
fERENEIN . e R RISR A48 bt i 0T
W U I 221, 7 S B S e 2 S X 4% B R EL Y
ARSI, 45 R NK 2 P, @
IR PRXS L, BT 4 98 bn SST HL AT B8 vE o 1
S R U T TR 0T A AR, B AR TR
{EL U BE RN G0 =k # FH A8 bR SST 5 %) FL 48 A5
BEEMHZEAZ (BIEEHE AU RIS, R
J52 It o ) R TR DL

80

60

5618
0 1500 3000 4500 6 000 7 500
Fif /] /min

K8  OWIE F5hx Wil S 56 15 #6464

Fig.8 OWIE monitoring on experimental gearbox




FLPETR] , 45 - 147 58 14 3l 28 G0t M 00 e e 0 0 A 530 U 4R O T 1% - 195

o 4 1]
2.5
2.0F ﬁ
151
1.0+ 5 660,
0.5 Pt i o
00 1500 3000 4500 6 000 7500
I ik /min
B9 GITS $5 47 W 5256 5 5o 46
Fig.9  GITS monitoring on experimental gearbox
20 -
10 - 6496
0k "
0 1500 3000 4500 6 000 7500
I ik /min

P10 2 M 00 S 38 147 AR A

Fig. 10  Kurtosis monitoring on experimental gearbox

50+ —
— HEE
45}
g WO e 6546
35 e W A, ‘
RN 6 528
30b X
) ™~
25 1 L L L
0 1500 3000 4500 6000 7500
Ff 18] /min
11 GRUE S T W S e 5 5 A

Fig. 11

Root mean square value and negative entropy

monitoring on experimental gearbox

F2 SSI SHAMERXTLE

Tab.2 SSI compared with other indicators

RS e 15

FAERREY B Bk 5] /min
A3 A -0.0410  0.9856 6 528
i 0.0788  0.960 9 6 496
i -0.2446  0.9921 6 546
OWIE 0.5884  0.976 4 5 660
GITS 0.6180  0.9789 5618
SSI 0.7049  0.986 6 5542

PROFPLRL A A5 2R U 8 A% DU 14 3 2 W ik, T e
W05 14 56 IV 25 04 T 204 R il 5 SE B O — 28
HALE SGL [81J= 754k , 177 i T LA TE A 326 9% th e ik
SN R AT A A R e A, B0k Tk
AR

R3 HBEERENM
Tab.3 Faulty gear location

TR BB
W=
SCL ASCL
w1 1 0
w1 2 0
gl 8 8
wWie IV 1 2
6 Zig

BEXRS IR A% B AR GE R0 fe B, AR SR T
il ASGL [8] )91 75 32 8 5 4840 2 8U(H, HF 4R Bt
SRR, S th 1 SSTAR AR , 7R s B 1 B B
PEAT R U TR R e o o A 7 LR B
FF A S B R ATy R AT T Yk, SSIAE i fE
FERRE 0 5 1A R B €0, 5 A G B TS A
FHLE , BAEA W03, B R S Wil e 1) Az R 1
UL, B SR ) PR R B R AR . EAT 120
AT AR O SO A I A5 147 4 A9
P ABE R A T A i P 37

2% 3Lk ( References)

(1] EE, EWX, Bk BRI~ RS iR
W IERELT]. HLARIL3), 2016, 40(8) . 185 ~192.
WANG J Y, WANG H T, GUO L X. Research progress of
fault diagnosis technology of gear transmission system [ J].
Journal of Mechanical Transmission, 2016, 40 (8): 185 -
192. (iin Chinese)

[2] SATYAM M, RAO V S, DEVY C G. Cepstrum analysis—an
advanced technique in vibration analysis of defects in rotating
machinery[ J ]. Defence Science Journal, 1994, 44 (1) .
53 -60.

[3] DAI H, WANG Y B, LUO S N, et al. Vibration sideband
modulation mechanism and analytical signal modelling of the

ring gear in a planetary gear set[ J]. Journal of Vibration and

W% 3 FioR, SGL a3 J5 3 A i 48 T
K A Ry 66. 67% , Vi 1T & A= i jis i 2%
H16.67% , th e T Fik 6 IV & A BB A 50
8.33% . ASGL [a| 77 ¥E T35 16 48 T A& A= ik
BEAE R A 80% , 1 48 IV e A B BRARE S H 20% , 5K

(4]

(5]

Control, 2025, 31(3/4): 328 —343.

PAN J, CHEN J L, ZI Y Y, et al. Mono-component feature
extraction for mechanical fault diagnosis using modified
empirical wavelet transform via data-driven adaptive Fourier
spectrum segment [ J ].
Processing, 2016, 72/73: 160 - 183.

YANTT, WANG D, XIA T B, et al. A generic framework

Mechanical Systems and Signal



- 196 -

(FE TR SR S AN S

547 %

for degradation modeling based on fusion of spectrum
amplitudes[ J ]. IEEE Transactions on Automation Science
and Engineering, 2020, 19(1) : 308 —319.

LIXW, LEIY G, XU M Z, et al. A spectral self-focusing
fault diagnosis method for automotive transmissions under
gear-shifting conditions [ J]. Mechanical Systems and Signal
Processing, 2023, 200 110499.

HA J M, FINK O. Domain knowledge-informed synthetic
fault sample generation with health data map for cross-domain
planetary gearbox fault diagnosis| J]. Mechanical Systems and
Signal Processing, 2023, 202 . 110680.

FRIEDMAN J, HASTIE T, TIBSHIRANI R. A note on the
group lasso and a sparse group lasso[ EB/OL]. (2010 -01 —
05)[2024 -01 -02]. https://arxiv. org/abs/1001.0736.
SIMON N, FRIEDMAN J, HASTIE T, et al. A sparse-group

lasso[ J]. Journal of Computational and Graphical Statistics,

[10]

(1]

[12]

[13]

2013, 22(2): 231 -245.

BECK A, TEBOULLE M. A fast iterative shrinkage-
thresholding algorithm for linear inverse problems[ J]. SIAM
Journal on Imaging Sciences, 2009, 2(1) . 183 -202.
LINP, LETI Y G, LIN J, et al. An improved exponential
model for predicting remaining useful life of rolling element
bearings[ J ]. IEEE Transactions on Industrial Electronics,
2015, 62(12) ; 7762 -7773.

LIUX F, LIN P, LETY G, et al. Optimal weight impulse
extraction; new impulse extraction methodology for incipient
gearbox condition monitoring [ J ]. Mechanical Systems and
Signal Processing, 2024, 216 111449.

MIAO Y H, WANG J J, ZHANG B Y, et al. Practical
framework of Gini index in the application of machinery fault
feature extraction [ J ]. Mechanical Systems and Signal

Processing, 2022, 165 108333.



