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Faults Detection of Industrial Gearbox using an Envelope Analysis

Y. J. Park

G. H. Lee

J. J. Lee

This study was conducted to detect faults in a gearbox comprised of gears, bearings and shafts. The envelope analysis
was used as a method of detection, which could detect breakage and pitting of gears and bearings, and misalignment of
shafts effectively. Vibration measured at the increaser was analyzed to characterize the faults. When the increaser has a

defect, peaks with a constant period appear in the time history of vibration and its harmonic components also in the

envelope spectrum. The envelope analysis showed that a crack in the stepped output shaft caused the increaser to generate

the abnormal peaks.
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FO TIAM AN FEAGE VAR s w
o] AFEE = Zo] 7]of(gear)olth. 7]oj: B FHAGES
o oekst £EnlE 2 TIAIQAREA, TGS T > 7
Y3 ddgsh=t] Wol AME-HI gtk 7]o)E o] g3 5
AERRE 7108t (gearbox) 2} 3HH, 7]ofukii= 7)of, &,
Hloj", 29A 59 7|AQAR FAEo] gtk J|ojutat
FEA 7315 Aole) YAt 14, AEFY QY {3}
£ A%, 1EFY 29 FotE W3(7147), reducer)dFA
u, A%, 1239 o BEE 14, ALY &Y Halz
WHENF47), increaser)dF= Qg2 Fich
ZlojarA o] o)Ak AFAFTE F7 7|ojEg, oy o =
Al 93 DAsh= Aold, AL 7)o, wjojy @ %9
AA, AZ " 7L B gJst Aeojrk 7jojukie) 17|
RoW FFF Ago] BABIEZ ATl et NFH LI} &
gt Aol wEts dA AAEY A7 e whag
< Slti(Bae et al., 2000).

w2 o] dt 7]ojekAl] 1S 7)ol ZEA|EI] 1|
A7 71A 24 gt A7 @ e sk &4-8 o
F Stk 8y oy oo s A T)ojukAae] AL,
o] Qe 2hs RIS A AL A dol ot
T3 T]ojekrof A= 71010 Ao tEe] 5o JEUEF
g AFEHE, wojy A3 5 uFst a3Rle] s
glom, ZjofdakrolA BAF A S Aol xE3HT M9
HAollA HMEEo] ZHFE Alguto R 7]ojukAe] yAdgl
< R3] Fohf7]= 4A] grk(Bae et al., 2000).

Z)ojukae] AghE AESHE WS AEAE 7|z uet
2 7k v o Uis 4 Qlok A dRle AR elA ARk
%7319 H(time synchronous averaging)S ©]-&dh= WY
(Braun, 1979)7} KurtosisS ©]&-5h= W¥(Stewart, 1980)0]
Atk F WA Fae dYolx] AHEY  FA(spectral
analysis) S 0] 85}0] Aekal= ubH(Randall, 1982)0] ITh
o] W2 &t <(narrow band)ol|A] zoomo|L} window £
NN&g AHEsk] Aftel 9 ¥F(modulation)d Zthut
(sideband)2] 7|5 7]o] BEY Ful4(gear mesh frequency)
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9 719 HlE O ZA AFRE FAFTE Al WA= A
Z-Fok 4% (Staszewski and Tomlinson, 1994)© & o]
% A¥(moving window) 3]4]¢]| 7133 STFT (short time
Fourier transform)ol| 2]%t i ¥} gh2 AJ7bo) thal] Ful4
5498 9E £ glon 271489 AZo| Wol AR HE
Aol &S (wavelet) ¥io] 9tk vl MAIZ )% H(band-
pass) HE|¢} A9 FIHlow-pass) BHE o] gslo] zehd
(envelope)S A&3l= HHo] Uth(Park et al, 2008).
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e T8 SHE AFANTE BAsle] 7)ofutas 14
3L Qe V1A Al YRt A8 AFS ERo® S3E9)
th I3 Ag A& o RE 7o, Hloly, %o H3lo)
U aE, £ AY EF 58 aNHoR AT S Y= ¥
Z/d(envelope) ¥41& o313tk

2. ¥R ol N5 54

7101%] BEY O WA= WFAFY e

AR oA}, Falz, &84 A, 7ojdAg 3 5 thekst
W, iR B 719 sl gig iU 3)eke] o
A3 AR AolE HE= AL Q xKtransmission error)
of Z]dgth ol2jd Mg eah= 7)o} BHEe Aol o)
Zl 710} AFH AA AR 7)o} XG5} xjojoa] wkAY
gt ol d AFAe o1 $A3) AlAsk= RS Bils
3B 7o) EY Aol WEY 258 AR Aol
Aot A At 71019 Xgo) oAl 3¢ Uy &
E9 I FapdeelAs thg g 2 A5 57} Yehdet
(Staszewski et al., 1997).
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ol WA Al AE 0 Sy W Basee A
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z(t) = kz_]lak(t)cos (2mkf, t+ ¢ (t) +e(t) Q)

A71M e(t) £ F7HE FEAEE JeRIT. 279 wix

e A OF 4 @ 2o, £,& F9 IAEEZ et
it
M
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n=1
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6(t) = Y by nc08 (2mkf, 1+ 6,.,) “
n=1

A7IA o (t) 8 ¢, (6) = 2 Az WE 2% 2 4 W
25 )it 7|ojx] A BHE Pog Qo]
312 wsle] W AE wzr) vehde, A48k 9 7)ol
x| 707 st HEF o] o]2HQl MA Y YA A
FEEE A4 HaTl dAgit) olgfst M@ 7)o, W
ol 4 %] 17go] e met Y T Mz 3
= AZE Gollq $A AR FHE Jehtal sy o
oollie REY Fug] Sdivt R0 E UERdti(Bac et
al., 2000).
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o=t |12 eosts| (2] (10
fi= 1+ Bhosg| (o) an
fu= 1= Brcoss] 12 (12

A7 .5 fos for fir Fo 8 D2 TE HARY UE A
FykE, 712 4 Fuk(fundamental train frequency, FTF),
B 213 F3l<(ball spin frequency, BSF), W& £3} Fuk
(ball pass frequency of inner race, BPFI), 2|& &3} =
(ball pass frequency of outer race, BPFO)E, Bd, Pd, N, ¢
= 47 B A7, 93 A%, E 7, FFZ(contact angle)S
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Fig. 1 Geometrical dimension of ball bearing.
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o] g¥fFolt}. &, ¥ah #49L ZE Wz AlsoA Siot
9] Ful Mz Fukr RS AEshedl F4% 7o)
t}. o] 7PHe 7—:]°ﬂ o3t ZFo] HAs JEZ HEd A
Sl Ago] 758t Yang, 2006).

FEd B4 77 29} o] AF AT E FEI}T 4
st} sk X W9E dio 53 FEBPF)E o]43ty
Aest & Az I2E FIAA A & FEE doE
Agsle] Bl UL s wo|1 A9 F3 FE(LPHE o] &
3lo] v} %2 wgo) A8t ¥ HEglo] Y& A5}
 Zolth

Absolute

value circuit [T"] LEF [T™

Signal [ Amplifier = BPF I'

N & . ¢
1048 pi| il 1]

OB R AL [109;) RN AS Hip
AJUIT VI A AN {11 A4 FLE Y
FANAEARAN R AN (WAL AN AW A NS A AN
Mk REEY AR BT RATARREIRTYIAASTRH R INH BT
CoU UYWAY I RTINS Y HILEY

. SV AR T AT I b J IR byl

Y uyy | |81 S iy

I ) Y. r vy

T A TV
R . N T

LA LAY ¥ b
Al r A 4
| ! | |
Vs ™\
4 \
VA AY

V4 X Vi AY /. AN
i AY 7 \ ra \ .
s \ 7 \ 7 A
r4 \ A X
7 \ v Y
] \/. AW

\'4 Y

Fig. 2 Signal processing of modulation signal.

7% 32 300 Hz9] FFA1 %7} 20 Hz8] WZ T3l 2
A AZ Hzd AEE Fug 245 Aold, TH 4+ 1
AZE FEPA B3 Zolok 19 3% AR, 20 Hz)

2ubo)) 280 Hz9} 320 HzO) =
s o] vepdS & 4= Qlok 3 17 40X 9} 2ol

Z8 AZZRE 20 Hz9) HZ F7
Wz FukeE dgto] Ag 710
u Fuje) Q@



J. of Biosystems Eng. Vol. 34, No. 2.

1.4 — P
PNy I £k :
{3 AR ISR SURMCONE SRR HVRUU SOOI NSNS SO J %J
AN T T T T T T T | == * ==
% Reducer 1 f . Increaser T
£ 08 Input motor Transmission Dynamometer
g : Torquemeter lTorquemeter
-] NN S SO B - * ] ’%ﬂ
5 Eme sy =
04 SN ] i l
N—=
02 J vy 7 I ~ = . ;,_ =
00 100 200 300 100 300 Fig. 5 Test equipment used for the study.
Frequency, Hz
Fig. 3 Frequency spectrum (FFT). Table 1 Specification of test rig
15 Item Specification
Input motor 110 kW, 1775 rpm, 590 Nm
Reducer Gear ratio: 1.56 (61/39)
o 55 kW, 3000 rpm, 640 Nm
'é’ 1.0 FE S Transmission Gear ratio: 2.44 forward
g 2.54 reverse
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on, AYL F 10049} 2r} 3L 7)ojukAo] A A=
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Fig. 6 Schematic diagram of increaser and experimental set-up.
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Table 2 Specifications of equipments used for measurement and

analysis
Equipment Specifications
Analog inputs: 40 channels
Data logger Input resolution: 16 bits

Sampling rate: 1 MS/s

Sensitivity: 10+2% pC/m/s2

Accelero-
ceelero-meter Freq. Range: 0.2~26,000 Hz

Freq. range: 0.3~40,000 Hz

Charge amplifier Max input: 7 V(rms)

Freq. range: 1~20,000 Hz

Speed sensor Detection: hall element

Pulse to voltage converter

Indicator Output range: +10V
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3to] HIHE &E AME EYF A8

TIEEAS ASE $E7)E B3l diojE A4 2
%, AD 32 A PCol| At SE7]¢} glole] 249
2 M9 (dynamic range)= 7HEEAIS] REE wajEhd A
Aslom, AAE dlo|El: Matlabg o] &3l 1.6 kHzo)
Lol FFT #4E, 50 Hz F9jellA] X2 #4418 AAs)
Rk vlole] S ARKS 60, MEZHL At=244.1 ps, Af=
1 HzE 13l om, Felg Fag wi== 2d F3471 0.7 Hz
2 sloliA AEE ARSIt T EAIE AXIAY A3
of mwet SAE wvit}y »A3IGIch

5. 21 ¥ 1%
. TUEN N3 347 T 24
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7P AA del7] e ol 7o Btk 13
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5719 919 $271 164 ipm, 28 $571 492 ipmd w9
AE 54e ARE R JERd Flojth 18 72 54704
Agto] BAYEy] Mo g#iZoln, 17 8L Adlo] WA
$.9] g zolch

Aol WA F AF2 9=k A% DA A3} v)wst
of of 150} A= Frkslon, A% F718 2H= wags
A3 4 ATk

A A3 F£7] el g Fukg= A4S glE)
sl Fupe E4E SRS 28 99} 10 7 A%
d-59 AZF - Ful 9oz Aslsie] Yehd Aol
o 19 102 AuRE, o] 24551 1 100~1,600 Hz
e 9l A4 Fa o] yehds ¢ 5 gtk
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Fig. 9 Vibration characteristics before fault occurrence at
frequency domain.
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Fig. 12 Envelope spectrum after fault occurrence.
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TE719 A% Ads EEWY] Hst 57 74’4
710, WlofE, Sl it A FIrE TSI,
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= 2939 38455 0pmE Hehdth
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Table 3 Fault frequency of ball bearing

Fault Frequency, Hz
Rotating of inner race 82
Fundamental train 3.1
Ball spin 16.1
Ball pass of inner race 249
Ball pass of outer race 40.6
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Fig. 13 Damaged output shaft of increaser.

deflection angle: 2.15°
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