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Fig.1 The driving system diagram of gearbox

and testing Point distribution
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Tab.1 Basic parameters of gear and bearing
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Fig.5 Change diagram of Fe mass fraction gradient

6 EMIER 2 Cr TEMRES BT/
i H 0 TS 60 S o B O 0 SRR UL, RO D O T R
— AN e, TS S — A B AL
B 6 F W R Cr TTE R R B4 B Ak
HIRKE . BRI X Cr 70 % B 5 & 4 0% W
FEER B R AT ARG Cr TR R &5
T IR 43 HT AL B, 45 8] Cr ST SR 1 40 MO Bl B 7] 4
3 AT 0 B0 813 26 R TE ¢, B %0 BT
fy Cr TTE TR A v, , R 05 (9 B 18] % &
BOMEE, BB M %) s, B Cr TEER
B v, P 6 BT R, iR RS Cr T E
R AR AW, 5 1T S A — A i
B E B AR 85— B 00 R R4
(B AR B BN b AW, BRATLIAS B Cr ot BE R 5
T % S R R A (. AR TR 2 BRRAR R 1B
TEJ5 2k e 7 R .

(107ug« mL™")

CrLR M RE S8

»n

1o 11
GRS E]
B 6 BRI R IE R EE

Fig.6 Schematic diagram of eliminating

the impact of adding oil

ﬁrlo_

1

i &

4 . 8

Ebﬂ

Mg 6F

B2

S 4
2L ; L P R
0 100 200 300 400 500 600

JEFEWEE
B7 CraiRBEENEEHE
Fig.7 Trend diagram of Cr amended

3 HREREE

3.1 HEFEEKEFAE
MR E T S A AT B M B R R
B {2, ) 85 x, BUEAR LS HET n PHANE
Bx, 02, (n=1,2,- )FRMARE
MmPHENTH e ,a,,,
C)BEX, M EFEHN AR RN EESTERE
B, W
x; = 2 X, = a, — 2 0a,; (2)

i1 i=1

sa,,(m =12,

a, ~NID(0,0?)

K(2)BI R n B E BT om B3 R KR
KR, AR ARMA AL KXo, (i=1,2, ,n)
HEAFEEREE0(; = 1,2, ,m)REHFY
RAH a, Jg m MAHE DS E RS, o) HE
Ji#.

S| AIERE T B, Bl Bx,,, =x‘,m|J ARMA(m,
n) BRI TRKR K

s

Ah:p(B) =1-¢B-¢,B - -¢,B",



Ea IS EREHERGIE MRS R EER 79
6(B) =1-6,B-6,B* —--- -6,B". 1ol
O 2N, e A2R0, MK ()R 12}
n 10 ",."'” ______ d,
x, = Z ex,; ta, (4) i T: 8+ /.—""’ €,
i=1 o & | /_,x'
K (4)H n B B EBR A9 FRKR, #HR AR (au- D
toregressive ) %, % o, 2% 0,70 6, A4 K 0, 1 L
R (3) N 5= of www
m 42 -
x, ==Y fa, +a, (5) 0 100 200 300 400 500 600
s B J=1 | . VA BREEE
A ( ?%mﬁiu‘?%ébfﬂﬁﬁiﬂ‘]%ﬁiﬁ,fﬁﬁ? B8 RRBBEEL A e B
(Movmg Average)ﬁﬂ. ARMA ﬁﬂﬁ MA ﬁﬁ%“ Fig.8 d,.g, diagram after trend extraction
FIFE B AR i RIEE . B T AR R Ml it
BREMELEFR FEHHE B AR I ARMA LI R o = 5
MA BERIA B B A, Bl AR R R E T bu
2. X HT Cr JTHE &4 BHR A AR B )
PR . S

3.2 #I ARMFER

HE R AERF SR, BTA50 h 5ERAE
HAREER B, H i, #AER A B 50
~450 h,450 ~520 h GO BIBE NG H. &
7 Cr TEEESRAR—BEFS (2], 5
Brix } RBE Cr JCE & 40 B04H 6L T I 7 51
R—IAEFREEFS ,BHTHERAEBERL TR
SEBBM B, BT E A KRBT, &R
d,,BW x| HETE WIS, B REFS
{e,} Bl e, ==, —d,. R)JG5 te, |} BEST AR BERY. XF
{d,} AR KRR R HEE 4 =8, +8,t, 3N
(x i PfhiiH  BEH d 5 AHERARER
MAKEVUT G OERRESBRBEAS
BAY,

x,=d, +&, =B, +Bit +¢,&,_, + P&,
+ e, ta, (6)

KA :a, ~NID(0,02) ,n HFF ¢, # AR A
B 3.

BESM, R T H Cr nEBERHNBEE
BBEAIE, BB d M, BEE, A8 Fix.

St 8 My dE PR AT [ F 5 {1, 5K B B AR
B oy SR AR BB o, B fu Xt AR A
BB R A A X R ¥ 49 & AR FLR
HIETEC B 9 A B ML R B o, IR B IR R
I @, BEARSCHER & AYAS L AL, B m] L
pr F @, FEWRH , HAR B HE % R BAL THETE £ >
4 FERE. Wls | ARBIGHERE N AR(4).

HAEFTk

9 p R oL THE
Fig.9 Change diagram of p, and ¢,,

3.3 HBSHME
Xt # SR S HOR A B Rk Al i,
S = Za,z
= 2 (81 - (D(é‘,_, -t - ¢u£1-n)z

Bt /ME. B S EBUS/MER B ERRBER ¢
(i=1’27-..’n) ’%:%

aS ‘ -
:9; ?i=¢i :_2;(81 — P18
- = )e, =0
BHEAEMTRETR:
Z (‘Blas—l + (27281—2 + o+ é’ngx—n)gt-z = 2 &8, ;
i= i=1

=1
W ER,REE o, = -0.276 9,9, =0.456 4, ¢,
= -0.3915,p,=0.478 7,0°~0
FRENWUESEERY
%, | ¢ =3.0277+0.02t-0.276 9¢,_, +
0.456 4¢, , -0.391 5S¢, , +0.478 7s, _,
A ox,_RAER
%, | ¢ =2.2203 +0.014 61 -2 769x,_, +
0.456 4x,_, -0.391 5x,_, +0.4787x, _,.
Kp:z, | o HERBEET AN Cr TERES
BBIRME, x107° g - mL™" 52, K o B 2050 55 1R
5hRFEFTMAE 4 4 Cr TR EE S HE, x

107 pg - mL7".



80 MO oK 2RI ER) 2009

B, UL 450 h JF Al BRI 2 KR K,

ERBESRFWERSMRSE RO LR, AEFR  FRAXRADYB RN, 520 h B 6w

AHE B FEE N Cr TERBAPGHT THRFY  URESHRERZERK ARERROBE.
£2 CraRARSUANLERSURERE

Tab. 2 Forecasting spectral data and the testing data of Cr mass fraction

F 2P T X AEZEFT 450 h JFH) Cr 7T

12 ¥ A ] /h 455 460 465 470 475 480 485 490 495 500 505 510 515 520

A AE
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(10 *pg - mL™")

T RAE/

e & S, 1204 123 1201 12,3 12,4 12,3 12,9 12.4 12.9 12.9 13.0 13.1 13.0 13.3
(10 °ug - mL7")

RE/ % 3.33 1.60 4.72 0.82 3.12 3.91 0.77 4.62 1.53 2.27 1.52 5.07 9.09 8.90
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Spectrographic Oil Analysis of and Modeling Study on Gear Wear Test

FENG Wei'?, XIE Xiao — peng', LIU Can'

(1. Automobile Tribology and Fault Diagnosis Institute, South China University of Technology, Guangzhou 510641, China;2. De-
partment of Marine Engineering, Guangzhou Maritime College, Guangzhou 510725, China)

Abstract: The spectrographic oil analysis of gear fatigue wear test showed it was not obvious that the wear rule
was reflected through using Fe and Cr mass fraction, but it was clear as using Cu mass fraction. At the same
time, analysis showed element mass fraction gradient could represent more the wear rule of the testing gear,
and gear wear entered normal wear stage after 50 h. On this basis, Cr mass fraction has been separated the
linear trend item and the residual sequence item, which was used to establish the AR time-series combination
model. And forecasting analysis was carried out. Satisfactory result was achieved after the spectrum experiment
data examination. This study provides a powerful and efficient method for friction and wear analysis, state mo-
nitoring and fault forecasting of machine equipment.

Key words: gear; wear test; spectrographic oil analysis; time-series modeling



