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ABSTRACT

NC Gear Milling Machine is a dedicated high-performance CNC machine tool
for a milling process. Currently the level of domestic products is lower than that of the
similar products overseas and cannot compete with them. Therefore, it is important to
improve the reliability of NC Gear Milling Machine toward the direction of its
high-speed, high efficiency, high precision and high reliability for increasing the
national prestige, enhancing competitive ability in the international market.

In this paper, this work took Nanjing University of Technology R & D
SKXC2000 own high-speed NC Gear Milling Machine as study objects and analyzed
failure data . The purpose of reliability evaluation on the NC Gear Milling Machine is
to improve product reliability; through failure analysis to identify the impact of its site
or the reliability of the key weak link in the reliability of the corresponding growth in
the development of strategies, from the design, manufacture, use, etc. to ensure the
improvement of product reliability, the value of practical work.

The main research contents include the following:

1. The reliable model analysis is the basis for the evaluation of reliability. Basing
on field test data of the SKXC2000 NC Gear Milling Machine, we analyzed the trend
characteristics of failure probability density curve, subject to the assumption that the
trend of Weibull distribution, through the least-squares parameter estimation method
and the application of law to the correlation coefficient test showed that the NC Gear
Milling Machine to obey Weibull distribution of failure data.

2. Analysis of the NC Gear Milling Machine at different times in different failure
mechanism, the double Weibull distribution model used for NC Gear Milling Machine
to analyze the fault data. Failure data of two-parameter Weibull distribution model
map is estimated that the mixed model parameters identification using analytic
method for model fit test, after the use of optimization to determine the reliability of
the distribution model evaluation.

3. We proposed to use one comprehensive method to analyze the failure in NC
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Abstract

Gear Milling Machine. This method combined the primary and secondary chart of
failure and the failure proportion to find weak points of reliability in the NC Gear
Milling Machine directly. Based on the traditional failure analysis, we can find out the
weak points and determine the main attack direction of failure correction and provide
basis for the improvement of design and management in the reliability. the failure
proportion was also used in the failure analysis, we fully considered various requests
in subsystems of reliability in the NC Gear Milling Machine.

4. According to the reasons of failure, we performed the reliability analysis of
NC Gear Milling Machine. According to the reasons of failure and the weak points,
reliability of the NC Gear Milling Machine can be improved in design with some
proposed measures. The reliability of relative improvement, from the key
manufacturing and assembly process proposed measures to ensure the reliability of
growth, the key processes to ensure that measures to support outsourcing key parts of
the optimization measures and the establishment of an early fault test system to ensure

that NC Gear Milling Machine to improve overall performance.

Keywords: NC Gear Milling Machine; double mixed Weibull distribution; Reliability;

Evaluation system
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WEGHEHENLEAMNSE S, BARSHEMHER T EirE#AKF, HIREG
EFrdiise. & &8I E LHTRE, ¥R X AHEREHUR TR F =
W+,

TG, 2007 FEFFEENARTZ S TR 48%, FHIREHEEIUR, B
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FEEARE. REVKOERERORBE., EEEFERSHEIEFERNE, 5it
FEHKFHREEZELETHRNTEENEERFE. AFSHEFEANE
FREEENURTT S, BATE DRI E N REGE I, THR & E =Bz iUR =&
FRE, RARBHIEBIRNEGE RS, AMEREBEIRERRT S L
fyEH R,

BB R YAEA BIENR P EAR S ERENEMEIEEL, RAER
B, EM. ReEERAIEVREETRAGHBER, RERRTHRS D
HMBREENEER. BT, FERAKENFERERNIHN, ARERRZE>H
7 ARBRSE LI R ER ] 4S5 T S5 R e R KPR R — I ERE . T A
PR AR AN, EEERMNETAERANBTEIEFTNRE, th
MEFGROTENE. BT, EFSEnIH 00 TEEIEF MIBF EAE
500~600 /NETA A, HIEAKBLEKEHLE MIBF 24543 800~1000 /M, BIE
BEFERES R, B5EAREERER ZE. B, #—PRETERRR,
FWASFHURT IR, FRANAERETREBKIRTR, BA5#0

RIEE, CARAMEHRESEESLRENXE.
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o T SR 1 A5 R AT AP AT AT, 3R HH AR ) 43 ML AR S 3 4>,
B AHE X3 B B8RS 45 BT 025 3R THOEH

2



FEFEBX

ARIHURH P 34T T S BRER, TR DL AR RE . JURSE R IR
REZRRBATHN, HE (PUBEAR) BT LARTERGER. ZRRYESE
B 20 T rpors ) S 2y i R A R s 18] MTBF 2 700 /M, ST A0 MTBF
824 M, MIBRERTUFH, FURAEHME L —F, REIEHURTRIED
HIGHAT; REARER K Keller A.Z % AR T RABMIE L AT M 57
SRR, RO MR B R A B B AL, REAE R
HRAREABNURA /-, WEXEMLERFHN 35 S5ENK, #1707
BREFER, B ABERMRRIGREBERRER, FE ST B PR
HELAMTHAER: BEEHURT GBI SRR BRRRAERSECH 0.8~
1.07 K BAR R0, BIVEE R SREARE, P~ RsITEBMREER, HF
CNC RGMMRESHCH 233-383 DR HIBA /RS, IBARBRMARESH
79 208~228 /MR ERAG /R - AT LIRS AR IS SR B B, bR
PURTT RPN R T R BEEI TV RENERZ —, HIEEKH
I BN BEE N ERE BRSBTS, RS, KT BRNE
R R AT S R A R,

R, V% SCRRF I & B ISR KT SO T TAE MR ERL,
FEME AT AT REMEVRYY, TRE RS EEE TR L THOERNTIE, #
BT A RER TANPOERR, FRNET HEEHURREEFR. EihR. B
ek, FAIEMTT AR BRBRE.

LA, EAMEIERT = & AT S A R AR SR w20 1T 49 B IR AT BE R B R BER A
We ZETHEMEFE, EEEEE. ARRLK MTBF ECRAHIFERT
E 4

7EE R ERFE 1995 ExHEG M AR IR T T FSE, WREEREEEX
K TERIENEEMATRHMEME RN, TERRENRNES” WELA:
“ZE R B 44 T RIALSE B URD P BT R VR IR BRI R AL R R AN T
S, R UABRE . FERRYNFF 46 A T4 B A8 A I(MFOP) B AR R 56 /) MTBF,
BB TR ERETE, HF TR EER RS, B,
4T B B b A 7 AT S TR AT R T IR, B A EREAL
R BIFERE ThE. R, NERRGEERII RIS . XRTFE™



F1¥ 4%

FEFR B A R LR B RS & ERER L GE, —RATR R E B,
EMRERRTETE, ESCELH T RGRE. FERURK . RN
B AR K BT EEXNEN T REBRLRR.

122 EATTREFRRL

REM 80 FERFFLEHATHIEVURULA TR FL, 90 ALK, Bz
PURTT S BT R TERFIABRESRRBERME . ERKEH R &
ITHIEMAREEAFREEIR TR ARENAEA, £“E" “+5R”
EXEARSEBRHEMER “863” HHET, SEEIUKA RS BET TR
AEERANMFR, FRETHBHEBR, EEHEIRKOTRENKFTT
RARE,

LS, X EEEHUR AT S MR 5T T8 R . P SRR HIEHUA T
T TEF R M IR S VURE R EE D NIE R, TR MES MERREEE
HUR AT SEERF U5 ¥ s X 3092 R SR 0 B {F AR 4 (0 R % v S At ot 1) R AT B
R, HRETHEERANTREMKEARD, WRe 5 ENEIGNABIRRE
RETTTERMERTFTD, FE0 8 KRR B AR RUHAT TS, 3 T s Rk
B UK R — AR 2 A BB R, 32— FET KRBT W5
WHAERE T, BEENKTREEFATHESREBRRER, FRTTHE
HEENEGEERE, HELT TRERREEERZREBERE, XEFRRE
SRIAT RBER. it FENFR, #5) T TERMERARTENE—SREY.
REE B A BLE I RER R, R AT RS TREARKRERERA LT X
RELER, BZETE R KRR SRHEIT ERM KR & K& ] S 4 T
BRMIBTA, 5 & B2 ARV R L SRR HI B R AWV IR 7= G AT 4
HARE. ERRMILVEAR, WTEETREERKREEREE, ST 1SR
KEREZHER.



A F4aa L

1.3 HFERAE

(1) RS AER I E R DR

B A AR SRR R ER AT AT R AT, K2 RATRE . BAi /R
A AT JLRR T AR ART, TR HURR R REUE BRI R A4
FREMERERS, CHYEN AR M AHENEIEER, FHRERRNE
ZRBHIN TR RSB A ERRAER, (CRA LREREERSES.
R Pk 57 35K — bt s [ B I AR [ g e e 0 T R AL 2L ) AR e ) ) A AR L
] DUSE 47 3 A W] S R o AT R AR

(2) BRI TERFE— sk

FEMSRM IR, FEEE R R e F AT E R S
WA IR RRBAT ROBT. SER RS, UERE ™M
. EERNARZARE:

1) HES T AR T W T E R R, T AT
GREFLM. FAEMRBBRNR RN, MUK KSR B
L BEAT A BT -

2) T EANHER RS B TEAE. NARERATIRETSE,
S HAERARRER AR, HA-MERSERAG NI,



1% 4

1.4 XA RKAE

(1) Bimgeiabl et 8 AR 5L R AT S P

BTN RYE, e MREOR AT R 04T, B
TR, SRR FTHE M A AR B AT M RN IRAT, B PP AT SRR AP
Bi e U AL 10 AP R 2 ol 0 2 B R B R LB O SE MR R P2 i, P Rk
R B M AP X I T2 A AR [ R R AE 5y AU R S 80 T SR O R
BN A AR R SE - MRS —NERSY, MHERAE N
Jaiiif e

XX RS I, A SCHR SR P E A /R 4 A TR A AR AL B BB B B
MO AT AR B (R AR 4347 o 5 2 X R R 43 1 AT R AN B BRAT 7R 73 A AR
RAFHERARBESERMT, REELEENAERERR, FIAMERSEZ
AR E AT TN R, B AT BOS AL AT VR

(2) FiEEIBERE ST

EiEx SKXC2000 BIIEEEHHLABIZ SR BT AV M, B M
RIS ER . A TREBHNOTENE, WERHE, SRS KRS
ML E H AT, AR A B X SO e R ML OB AT 204, Bt R
BT, BUEASTER, BEEEREN TSR ERITHE.

(3) FIEghp TR H R

BEiEr SKXC2000 BFEEEHLAIGREEEHITH 04T, BHEE
BN TR BREBIR Y. b TIREBHNTTRE, §XE&TEEESEEH
T3 AR P SO R



At R

F2E ETRBEAM/RMREEGEH T SEET

MU= 5 AT S 45 BALARE S R B — N EE 84T U™ & (K W] SE VP
W RETHBE ST REEEEITH. 4T SKXC2000 BFELHEAHAIATIENE
7, RETIGRENREEERTH . EEBEREERENI MR, RE
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HEEE R F TS, B, B8, TERSHRIM. TUREH Rk
d, BET, #IGFETIERRE. Bk #k. BN, RRAHES. SRR
RBHRE, TUGEE. BMER, REBMBAT ZRAMM IR kT
B—F A B R 2T AT RRTEEDIA . SEU) R e e M b, TH%%
EIHhE L, BEELEsIETHENGERTY, THRERSHITIE.

SKXC2000 B ¥ mE gt i ML B Tl K% BATHER ML — b= &,
HET 2Rk, TTENATRE. TR, BFART L REEREH
MM, BRREE, ZRMFF. KAARWE 2-1 Frr.

BEl2-1 SKXC2000%54% By i L 15 L
Fig.2-1 SKXC2000 NC high-speed gear milling machine
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2.1 HEHAEHLEN

BEHEYLR—MATRENTHEZRANK, SHmE 2-2 fin. ZPUKRE
VUBANLIR, SCAFZREEERS b, i X WL E5 | MUK FiES): FHMAEMHIR
ZRAEAENE, HRERFEIMEED, B2 Y #FARBNMNZS, B2 Y
LA S MU EEIEE); FHAEERIETRARENES, LNRREREHE
el i SR MARMNE L. THZRETHES L, STEE
Siash@in T SEETIH, TH hEH S #1748 E.

B2-2 SKXC2000%54% 4t ik .45+
Fig.2-2 Construction drawing for SKXC2000 NC high-speed gear milling machine
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KK FEHEREVREEHTRRL. BERL. HLRE. BRERL.
BARR. ARET. HEREEHIAMN, THEEHREKINEZREHE
FBR RIS HM=REREMES), FHMHEETEEN 60~150/min. KA PLC
ThEeE St T8 B KA AT IS, BT R REEIEN S K B3
Eibitss, HRRPIIERZEIN,; HARAEE X |, Z IMELHL U RE
HIfEa MBS, SHNM=BKIMT. K FHAELEHSEEHAHE
BN TT E TR 1T ERE S RERLAT SR SR k
S FETESNEEHRRARBEHZERE. 17T ERERAREIRITE %
LI

SKXC2000 R ¥z mE Bt HLRE XN RS, KERERFIAR, L4tIIH
#22 400mm B, TR/ AN ERERS N 880mm. 3000mm, /.
BAIMERERSF4 200mm, 2500mm, JNEHB TS BERMTERT LI
bn.

22 PHEFEBER L E

A3 LL SKXC2000 ZBHHZREGEEHL AT B o HEEEHEKIE T %R 5
BB E N 2 NSRS 0L M BLIZ S e S 3

MR R IR & TN S A RSB BT A MR S AT S K
BRI EFHIE, ENTURETFE. AR, 5. XFMMKEHR. WEwT
EWHERA T ERF 0 ARG R A EE, ASoErERRRt. R
HEE: AEBEREREKE: IRETROTELRS.

REEERET = REF0ARENEN—ITREES, U, TEEK
BORFERFT=RE. FlE. RB. FH. SPnE ge.

2.2.1 BL¥EEWAE

BERYE, THEESEIENHTESE, —RAZRERTTHEEREF
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W T A ST B =M BUR L. AR 8 LURUS B AL 6 ML $00R
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AR . IIGEAE R T 7= L E R IRRAE £ T RER, LR
R R BAR T =R EEE .

PP EIREZ T ERENZW, REMEIMEEAS, RE\EFRIT
LB A= R X M R BB R . ZEHEAT B R LU RT L AU AT 7 K 4)
B, PHRBIERERAENE K. REFREEFFTREABTNE —RBLHER
B, XEETHENLE, BETRBITARRE FATRETERE. g
BIRMBET, HTENERAEW, JEERAZTE, ERPEATENAR
BLE, BT NEEMT. EREEEER, NXIXEERETTHE, UEX T
25 RIVE IEBUE I X PR T AT I FURT B 4K YR

222 HEBALE

WRIEZRT] S & FIBHENIE 2 MEEVURER B RRG RS, W
SRR 6 N A BT R N AT R B ARSI, R 2-1. ZXBRBRTH

BHENBERR, BEMRFEN 4000 M,

#£2-1 BRFEAHERIER
Table 2-1 Test sample failure data table

PUR%S H R A 2R B 1] AR 2 T [ 8%
A-01 2008-2-9 20:20 2008-2-6 20:00 HiC#RERE
A-01 2008-2-12 21:30 2008-2-9 11:00 TR MR
A-01 2008-2-18 14:00 2008-2-18 16:00 H Z W
A-01 2008-2-20 10:00 2008-2-20 11:00 Rt 8 A
A-01 2008-3-5 13:20 2008-3-6 15:00 THEABIAARIER
A-01 2008-4-3 10:10 2008-4-4 0:00 B SR
A-01 2008-5-5 13:00 2008-5-10 0:00 TR EE
B-01 2008-2-14 18:00 2008-2-13 16:00 X LA EALAHE
B-01 2008-2-18 13:30 2008-2-18 17:00 X AR A AT
B-01 2008-2-23 9:00 2008-2-23 16:00 Z & AT (I BR
B-01 2008-3-13 13:40 2008-3-13 17:00 FHBRA
B-01 2008-3-29 0:00 2008-3-29 0:00 HEA RS
B-01 2008-4-1 15:20 2008-4-3 17:00 F A4t
B-01 2008-6-15 0:00 2008-6-16 0:20 FHERSEEFX
B-02 2008-2-5 8:10 2008-2-5 16:00 HCEILRERE
B-02 2008-2-14 8:30 2008-2-8 15:00 X HhZ AT H]BR
B-02 2008-2-17 9:00 2008-2-19 10:00 BEHARE
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PURSR S A A o B ] WP EE - B[] [+ 8% 3
B-02 2008-2-24 8:20 2008-2-24 10:00 BLE# & BN
B-02 2008-3-1 11:00 2008-3-1 16:00 B R
B-02 2008-4-16 7:30 2008-4-17 17:00 EHhvh B At
B-02 2008-5-19 8:00 2008-5-20 11:00 R RRBIR
B-03 2008-2-12 9:40 2008-2-8 8:00 X Hh 24T [R]RR
B-03 2008-2-15 4:00 2008-2-16 20:00 THEEBBAEER
B-03 2008-2-17 21:20 2008-2-18 22:00 REHLBER
B-03 2008-3-4 18:30 2008-3-4 20:00 XHES% SR
B-03 2008-3-5 9:00 2008-3-5 11:00 B SR
B-03 2008-3-15 10:00 2008-3-15 20:00 B E
B-03 2008-4-21 14:20 2008-4-21 15:00 3 B Ak
B-04 2008-2-8 7:00 2008-2-5 15:00 7 WEHRE
B-04 2008-2-10 23:00 2008-2-7 20:00 B C#IbRERE
B-04 2008-3-4 13:00 2008-3-4 17:00 FHIMREE
B-04 2008-3-9 18:20 2008-3-9 20:00 17 AR ERAL IR IR
B-04 2008-3-16 14:00 2008-3-16 18:00 R E
B-04 2008-4-23 7:30 2008-4-25 9:00 i B A
B-04 2008-7-6 15:00 2008-7-8 20:00 A ARTIF

2.3 R Ie) o e ) AR R B ) R UL

HERBTH, ESSMANBESIANMEEERBEERIER, 15
KB R E R R B SR T B, 0BT /R 2347 R 2 R S th R 4R
BEERSENARRE RISHRE BT TFREAC, A4, B8 ERHE
Bl &t B B TR T 4025 A —BENL R B AR M 0 43 AR .

I B B A LI R R (5] K% B A R U E R & R B R .
e e 14 R e TR XL €€ [20,3723) 43 3 15 AR08 B Bi% B AL B R
®, W22 7w,

DL ) RO B AR AT, SR AR SR 3 B LI /(1) AR, F()
Mt EmT:

h;

nAt,

i

f0=
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A w4 ) R B ] o B R R
N —#HFE, 4 2469h,

22 B rib PSR
Table 2-2 NC high-speed gear milling machine failure frequency

fs X@Ek XEF HE{E Gk kS RitR
l 20 266.9 143.45 9 0.2571 0.2571
2 266.9 513.8 390.35 7 0.2000 0.4571
3 513.8 760.7 637.25 5 0.1429 0.6000
4 760.7 1007.6 884.15 4 0.1143 0.7143
5 1007.6 1254.5 1131.05 0 0.0000 0.7143
6 1254.5 1501.4 1377.95 3 0.0857 0.8000
7 1501.4 1748.3 1624.85 1 0.0286 0.8286
8 1748.3 1995.2 1871.75 2 0.0571 0.8857
9 1995.2 2242.1 2118.65 1 0.0286 0.9143
10 2242.1 2489 2365.55 0 0.0000 0.9143
11 2489 2735.9 2612.45 1 0.0286 0.9429
12 2735.9 2982.8 2859.35 0 0.0000 0.9429
13 2982.8 3229.7 3106.25 1 0.0286 09714
14 3229.7 3476.6 3353.15 0 0.0000 0.9714
15 3476.6 3723.5 3600.05 1 0.0286 1.0000

REALE SR E R WA 2-3 Fir.

@ v

E2-3 MRt A

s
3000

Figure 2-3 Failure probability density map
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P T4, R A B () MR R 2 B i R B R T (a3 T AL R 3 —5
Al SR TP e. AT, iRt i LAk R BR i TRl B IR A 3 T A& R IES 2
BN BOIERSAA, T A BRI 5010 BB /R 27

2.4 WEERRN SRR KB ARE

A SR B A U AL R R R e () AR A BR AT AR 40+, T /N SRR HEAT 2
Bt AR RBERR KB RO, NI %A SR R
i ) B 2 A AR

2.4.1 BERATRD AR

AT /R A RNV RE T W E T S AR — MmN,
R 5 S B R 2 5K BT IR FERIT S BE B 5 HH B — R R 0 A R
BRI R HR

. 22)
F(t)=1—expl:—@],}'st5w
MRFEERECH
" (23
f<t>=?(r—r)""exp{—@}mm
Bt =n" 8, ERZATERK
F(t)ﬂ_ex{-(%ﬂ” sese (2-4)
d (')ﬂ(t—_y)m °xp{"(ﬂ)m}” sise (2-5)
n\n n

XF: mABREE:  ARESY: 7 ALESH. 51, An" B, 75K
FIEFRRER T 2. REBRSHm HEETUR 27 &R E R SRR
Hm>1HEREER R B, Lm=14EER,; Jm<AERE,
Rt 28, 2IBARAE/MEIRRERER, WSHEES THEEFEREX
MER, FERNHNRESHED: RZFR. 7 RN LR
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F2F ATHBARIAHXEBEAINT R HFH

FBAE, FRESY ZHARERRE, =y UEREKE.
FELFFNAF, EEREEY =0N~RERESKE. Hy =08, FEIW
SHBAT/RO AT . A ICCABE S BURIAT /R 43 A SR 5 R[] R e 0 £y 40 A AR

242 BEARA RS

MRS BT ITER 2 0 BAGTHE . FEdk RORURE K&/ — Fewk
%o MTBARD A MENTERAER KRR RECRA B D —Feikift 4T
SH AP,

BEIZRR PRE n SHRREIE (x.0)  (o02) . (x0,), BENE

EHAMGRE L, NEELE, EREARG ELBAEELFELNAR, TRRAE
Ll EIMH LR R RITTLUEEME—FEHL, RELHTEN

j}::a-+-bx (2"6)

R, bBHAAHKMME, CHBIE. WFRAZRE, a. bk
E=3 -9 =3 0y-a-bu ) =ReMH. B4 ERBME, RO RENER,

xtERa, borHwmM, FSHET 0, B

oF =

& 230, -a-tx)=0 2-7)

Oa s

oF “

E 23 -a-try; =0 (2-8)

o 3

B SKk R EiR H RS

. 2R i(x, ) $87)

b= == (2-9)
DY CENDYCESD
i=l i=]

a=y-bx (2-10)

He, 2@ 2
E ==l J—} ==l
n n

RALBELTRS, WEHyHx M—TRMEEHHRE



At # L

y=a+bx

(2-1D)

B S R 15 5 ¢ G o 1) S /BRI PR B, SHER P Bk
Yk B RR A y 5. REBR—FOMAAE, BITEHRE, WA LT

B, HitBRE e, bJE, HMWHITERRBEHSHMET.
STFHRSEBARSN, HRRIHREA

el ]

st ERBIRBHT RS, HRERNHR

g

1 A
éy=ln|iln( J}, x=lnt, b=m, a=-mln, il

y=a+bx

FEVE B, b FO) E. — AP ERMTF), B

A i-0.3
F(it)~——
@) n+0.4

(2-12)

(2-13)

(2-14

(2-15

Wit 8/ Z RvEX BAT RS HHAT M. AT ETOE, BEERE

DU R R B BE B AR 2-3 FT7R.

£2-3 HEAREEEER
Table 2-3 Fault test data collated in table

F5  EEt x F@®) y X ¥ x*y
1 24.16 3.1847 0.0198 -3.9134 10.1423 15.3148 -12.4631
2 71.00 42627 0.0480 -3.0116 18.1704 9.0696 -12.8374
3 110.16 47019 0.0763 -2.5341 22.1082 6.4214 -11.9150
4 160.00 5.0752 0.1045 -2.2037 25.7574 4.8562 -11.1841
S 190.30 5.2486 0.1328 -1.9488 27.5478 3.7977 -10.2283
6 200.00 5.2983 0.1610 -1.7397 28.0722 3.0267 92177
7 240.50 5.4827 0.1893 -1.5615 30.0602 2.4384 -8.5614
8 250.00 5.5215 0.2175 -1.4054 30.4865 1.9750 -7.71596
9 260.00 5.5607 0.2458 -1.2657 30.9212 1.6019 -7.0380

10 313.00 5.7462 0.2740 -1.1387 33.0189 1.2967
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F2F ATERBAROH 6 KB B HENT P

11 32516 57843 03023  -1.0219 334583 10443  -59110
12 34150 58333 03305 09132 340279 08339  -53270
13 342.00 5.8348 0.3588 -0.8111 34.0450 0.6580 -4.7329
14 386.00 5.9558 0.3870 -0.7146 35.4720 0.5106 -4.2559
15 457.00 6.1247 0.4153 -0.6225 37.5117 0.3876 -3.8129
16 48030  6.1744 04435  -0.5343 381234 02855  -3.2988
17 687.00 65323 04718  -0.4491 426714 02017  -2.9338
18 671.00 65088 05000  -03665 423641  0.1343 23855
19 70650 65603 05282  -0.2859  43.0378 00818  -1.8759
20 72100 65806  0.5565  -02070 433048 00428  -13619
21 72530 65866 05847  -0.1291 433831 00167  -0.8505
22 82630 67170 06130  -0.0520 451175 00027  -0.3494
23 91760 68218  0.6412 00248 465364  0.0006  0.1692
24 96200 68690  0.6695  0.1018  47.1834 00104  0.6990
25 990.00 68977  0.6977  0.1794  47.5783  0.0322 12373
26 1288.00 7.1608 07260 02582 512777 00667  1.8489
27 1375.30 7.2264 0.7542 0.3389 52.2212 0.1148 2.4490
28 141816 72571 07825 04223 526657 0.1784  3.0648
29 173430 74584 08107 05096 556271 02597  3.8007
30 185430  7.5253  0.8390  0.6023 566296 03627  4.5322
31 1895.50 7.5472 0.8672 0.7027 56.9608 0.4938 5.3033
32 216500 7.6802  0.8955  0.8146 589851  0.6637 62566
33 249600 7.8224 09237 09453  61.1906 08935  7.3942
34 311200 80430 09520 11106  64.6902 12334 89323
35 363100 81973 09802 13670  67.1951 18686  11.2053

B LR HEAR, B
x=6.19, y=-0.556
b=09116, G=-6.1990
y=a+bx=-6.1990+0.9116x

W: m=b=09116, 7= eXp(—%] =897.5
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243 BARSARBERER

D) Stk

SFE—HRREE, KR EENMEHATRRIEERERTRE, EXE
x5y 2 ARBHREFERMEMRMRR, XREKMEARERRT B AR
MM RERREE. HXREY

zxiyi - nxy

i=1

p=— - (2-16)
\/(Zx?—nic‘z)(Zy?—nfz)

i=1 i=1

%|p|> p B, MHAG X 5V bR, TP AR & BAT /R Ao
KEANLR, B85=09911, BEEWHKFa=010 HRAEEGME:

p, =1.645/J(n—1) =0282 (217

BF|P> 0, FEHEIRMMRREBEN, BIUHEIE RS R
1) % e 1) Al A B AT /R 93 A o

2) pAHHEMERK

SR R B R T 7 T SR A R R A G v B R HE M R A 4y
A, BRTHIRE RIS RERK . USHENRAMEN 1 5 LK K 2Rl & RME
MERSHZANEEENER.

FEEAMOHRETERMBRAMEA . ERMESHHRL, AT H#EE
BARRELER, REXTBANERBE. BREERIEREREAI AR R
g K. REZ, ERIEH.

K-SKYREEH FPIREERRER. K-SKRELEn N ARBEEZHEDE
RERFHF, RBEREKSM, HEEMEEN NN L), BESLRM

RYF,@)HTHE, RPEENBRREMENRRSATED, WIUEE. %D, 5
e 58 D, #AT H B WR TR, NERERYR, BUHELRER.

D,= sup |F,() - Fy(t)|=max {5} (2-18)

~0<X <0



F2F ATERAROAH XA BREENT KRN

AF: RE)—RBRESHRE:
F,(t)—FE AR/ K n ME 5 2040 R 55

D, ,— & &
d,.=max{Fo(t,.)—iﬁl},i=l,2,---35,n=35 (2-19)
n+0.4
09116
1R 2 g 1] o o T IR A B 7R 40 A BL () =1~€Xp{—[ﬁ) } » MRS
RNE 24,
R4 HHHERREECHER
Table 2-4 Test fitting the distribution of data-processing table
Fg  HEERTE F,() E@® D,
1 24.16 0.0364 0.0198 0.0166
2 71.00 0.0943 0.0480 0.0462
3 110.16 0.1374 0.0763 0.0611
4 159.00 0.1865 0.1045 0.0820
5 193.66 0.2189 0.1328 0.0862
6 205.50 0.2296 0.1610 0.0686
7 240.50 0.2600 0.1893 0.0707
8 250.00 0.2679 0.2175 0.0504
9 260.00 0.2762 0.2458 0.0304
10 313.00 0.3180 0.2740 0.0440
11 325.16 0.3272 0.3023 0.0249
12 341.50 0.3393 0.3305 0.0088
13 342.00 0.3396 0.3588 0.0191
14 386.00 0.3709 0.3870 0.0162
15 457.00 0.4175 0.4153 0.0023
16 480.33 0.4320 0.4435 0.0115
17 687.00 0.5433 04718 0.0716
18 671.00 0.5356 0.5000 0.0356
19 706.50 0.5525 0.5282 0.0242
20 721.00 0.5591 0.5565 0.0027
21 725.33 0.5611 0.5847 0.0236
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At FERI

S HRRERSA t F,(t) F.®®) D,
22 826.33 0.6044 0.6130 0.0086
23 917.60 0.6395 0.6412 0.0017
24 962.00 0.6554 0.6695 0.0141
25 990.00 0.6650 0.6977 0.0328
26 1288.00 0.7509 0.7260 0.0249
27 1375.33 0.7714 0.7542 0.0171
28 1418.16 0.7807 0.7825 0.0017
29 1734.33 0.8385 0.8107 0.0277
30 1854.66 0.8560 0.8390 0.0170
31 1895.50 0.8615 0.8672 0.0057
32 2165.00 0.8926 0.8955 0.0028
33 2496.00 0.9212 0.9237 0.0025
34 3112.00 0.9552 0.9520 0.0033
35 3631.00 0.9720 0.9802 0.0082

m E#eEEL, D WMEL N D, =0.0862
BEEMKFa=010, WHERARE: Hn=35, XD,

SEER MR B, BIIA %7 ¥ 359 70 B AR B 1) R A BRA 7R 43+ o

F(t)=l—exp{—(ﬁ) }

=0202, H

(220
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2.5 AEG

NBTHEHEEIRTE R, VRS AU ENAFL. Bl SKXC2000
RBISHEV AR S, AT I SR SO ) SRR R AL 2 o e i o ) e
R E P =, BREBRMNBA /RS M. BB _REXTS
v, AR RBUESTRIR, R HOE G0 (] R B 18] 89 23 A5
FRER AR M BAT 7R 5377
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BIE ETHEBARNEERAIT L

DA SR HUPR O PT SE 4 44T B0 SR A B BRAR AR S AR AR ORAR Y, B IE R oy
FMERSHEMRA A, BT RRBREHEESE S R R 8 — K,

EHERETEZEN. B, B AT —hHERRE, HEEEEZHR
FREHLE R SERER T =40, 7EANR A48 B S5 BT & 26 A SRR AE AN AR R
Bt AR SO 2 A BUR B M B R S AL TR RS B R —&&
FHAKGRHE, WA, RN HREUNEHELSE, £ /0K HAR
KRz,

Btxd LIRS, ASCIKA W EBA /R R S HE AT 0o 5. Bt
FERITLE BRI (0 7 A BEAT AR RN AR, IR IRIE S B0 2 A AR BB S FT S VP4
BT

3.1 WERMA/REASEIEAR

BT BA/RD AR RS H RN, FREFEYE, ATRLRF, BEC
B NA TR RERM. BT IOE R ITEE, #ASOER AR T
EAA IR SR B AR,

RBEDMBTHE—FIG, BRMNOSEERR. REORBHIZERXHR

MR, =12k, FR—NIERESEBHSMREH T LN
F(t)=iBE(t) 031351&5:17:1 (3-1)
BEMREOABINENZEXFTREBNERRI MR, EHRARESH.
e AR A & F AR R A P R A2 RO 43 58 kM i R R B R
MR KR RRUEHE, RERESTESS, FTERERRERNRZEATHE
BORMEIER: TIBRERRE, RERKFIESEG, FTEHTKAFHBREERN,
XMERES TRAHER,
Hk=2/, MAEREGERIARE, RBEERELH:
F(O)= p(0)+a50) (32
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3% ATFRERN ROXYRIERENT EHFA

R, 120,0<p<1H p+g=1. P. CHHHISH, EOMEONMELNFHS LB
E=SHMBARIA, FAEXAWSHE AR

4
E(t):l—exp{—[-’—;—] },05:500 (3-3)
f1(1)=ﬁ(L) _ exp{—(L] }05!500 (3-4)
A\ Ui
¢ )
F;(t):l—exp[—[—J },OStsoo (3-5)
/3
fz(t)=ﬁ(i] _exp[—[i] },osmw (3-6)
M \Th m

ﬁqj: r"[\ ”‘2%%%2%{: 7]1\ nzﬁﬁggﬁ[w-‘ﬁ]o

32 EABRANSEEMET

MEEFTEREAAIEERFENREN, B LR TEET RIRRER SR
DUETEARRPER —£HE. ORI XRETTEHER T H KL, BF
B AR E A 4K AR 28 SR IR BRI AG TH i R AR BT R W 4R (Weibull Plotting Paper,
fEFR WPP) _EREATHM4T,

32.1 RE\EPEERUE L

FE2:1] WPP B Z BT SE BN Bm AT B /R e, R RRWT:
X TRESHEA/RI T, HATEEREY

R = exp{—(i) } (3-1

AP 120, m>0, mABRSY; 7>0, NARESH. X EXAFRIT

B, FWERMHE
In(-In(R(t)))=mint-miny 38
4y=h(-n(R®)), x=It (3-9)
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A FAEHX

R 3-10 Fh X — Y B A T —F B
y=m(x—Inn) (3-10)

R 3-9 BROURATRAE S, BISEIR bR T 0B AT RS R (R AL
BRBEIER: 1.8, -1, (4 <t, <---<t,), HAEE 0T EP R

AR

R(t)=1- ;;%i (3-11)
XHERBB - A

(4. R). (6 Ry ), (4 R,) (3-12)
X EAFE AR 3-9 53]

(21 (%25 )57+ (%05 %) (3-13)

FriRE#EK WPP B2 L EASIEY - Y FHRAKNEE. Tt

BT REMHERBRARERIL TR 3-1.
R3-1 BREBERARERR

Table 3-1 Weibull failure data conversion table

FFS Wt E.(t) R X y
1 24.16 0.0198 0.9802 3.1847 -3.9134
2 71.00 0.0480 0.9520 4.2627 -3.0116
3 110.16 0.0763 0.9237 4.7019 -2.5341
4 159.00 0.1045 0.8955 5.0689 -2.2037
5 193.66 0.1328 0.8672 5.2661 -1.9488
6 205.50 0.1610 0.8390 5.3254 -1.7397
7 240.50 0.1893 0.8107 5.4827 -1.5615
8 250.00 0.2175 0.7825 5.5215 -1.4054
9 260.00 0.2458 0.7542 5.5607 -1.2657
10 313.00 0.2740 0.7260 5.7462 -1.1387
11 325.16 0.3023 0.6977 5.7843 -1.0219
12 341.50 0.3305 0.6695 5.8333 -0.9132
13 342.00 0.3588 0.6412 5.8348 -0.8111
14 386.00 0.3870 0.6130 5.9558 -0.7146
15 457.00 0.4153 0.5847 6.1247 -0.6225
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£3F ATHERA ROKBHFHENT FHPH

PS5 RERSE t F.() R; X y
16 480.33 0.4435 0.5565 6.1745 -0.5343
17 687.00 0.4718 0.5282 6.5323 -0.4491
18 671.00 0.5000 0.5000 6.5088 -0.3665
19 706.50 0.5282 0.4718 6.5603 -0.2859
20 721.00 0.5565 0.4435 6.5806 -0.2070
21 725.33 0.5847 0.4153 6.5866 -0.1291
22 826.33 0.6130 0.3870 6.7170 -0.0520
23 917.60 0.6412 0.3588 6.8218 0.0248
24 962.00 0.6695 0.3305 6.8690 0.1018
25 990.00 0.6977 0.3023 6.8977 0.1794
26 1288.00 0.7260 0.2740 7.1608 0.2582
27 1375.33 0.7542 0.2458 7.2264 0.3389
28 1418.16 0.7825 0.2175 7.2571 0.4223
29 1734.33 0.8107 0.1893 7.4584 0.5096
30 1854.66 0.8390 0.1610 7.5255 0.6023
31 1895.50 0.8672 0.1328 7.5472 0.7027
32 2165.00 0.8955 0.1045 7.6802 0.8146
33 2496.00 0.9237 | 0.0763 7.8224 0.9453
34 3112.00 0.9520 0.0480 8.0430 1.1106
35 3631.00 0.9802 0.0198 8.1973 1.3670

R 3-1 PESRA/RRBREHYE, £x -y VA TEL WPPE, mE
3-1 fiR:

X

B3-1 Hisstibdl s R K WPPRE]
Figure 3-1 Fault NC high-speed gear milling machine WPP map data

24



At FERL

HEBUR AR WPP B, TTLUE 3R O R R KB i — R EL A,
BT UL B — I B AT /R ST E R A BB R A S ER, NZAWERM/RREHR
BMERE.

R#IE WPP EIMERMEMARSEEEN WPP BALETMN, CET
my <my,7, <1, [K1ER. Bid WPP B LR SUAE—FEEHHL, DX H
% C. MERMRBEEEENTRERIER

R()= pR())+aR, () = pexp| ~(t/m)" |+ qexp[ -(¢/m,)™ | (3-14)
Aep: 120,0<pslprg=1.

Hm # my b, RER—EHE, Rikm <m,. Zm=mif, BXn #7n,,
B, BRI — MR EATR . ERXFER T, BEn, >,

B 3-9 %

y(x)=In(-In(R(e")))F1x = Ins (3-15)
XPEFTIEE WPP EImtERK y(x)wEK. &R 3-15 F, Hp=1,

R@®)=R(1). BB, CHA—FEHL

y=m (x—Inn,) (3-16)

BE&ICHEL . KLU, Hp=0, RO=RO. Xk C BEAFANI—%E
%

WXL AL . XFFRRE R E R AR ALR I A B AR RS BT
L, BABEO<P<l, #FIRLALMTE, x My && A KK, WHER
3-16 #13-17 6] 8

X, = — (3-18)

¥, Lﬂ”iz_]n(ij (3-19)
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£ 3% ATHIRA ROXBEREAENT EHFH

322 33

(D f5i+-&8m,n,p.q
R 3-14 RAR 3-15 HFELB L C HRERA
(@ 1)+ I7,2) - In( pexp(e® In,) + qexp(e I ))}
(3-20)

y=ﬂlx+]n[

B Ax _ B P
=fx+ ln{m"‘ —eH ln(pwem(%)ﬂ

T,

A LUEBIAFAE TR R

B xR B
ﬁm{e’“‘ln[p+qexp(ﬂz—i—gi)j}:qm'"‘ (321)

x>0 771/% 7721’1

ﬂzeﬁx B B
lim {e’“"]n{p+qe)q)(22——;7—h—;%;{))}=0 (322
1 2

Fril C KPR R BTIE L 77 A «
B x —> —oo WETELL L, , HAEHR
y=m(x-In(7,))+In(p) (323
x> -0 MHHEL L, HAEHR
y=m(x~In(m)) (3-24)
L L, 48 E 4T, HEEIEE K |In(p)| . £ WPP B 3-1 LEHRASHER L,
5L, WistRmpRNm, KBm =0882, mik 3-24 BEXH LHBER
In(r,), #UM X 51 ERIBEER 6.8, K87, =897.84. HREANEL L 5L EY ML
MIBEEZ 2 X |In(p)|, HHAXRTRKE p=0.562,9=1-p=0.438,
2) fhsHm,,n,
Xt 3-14 K3 H
Y'(x) = pm;s,(x) +1m,s,(x) (3-25)
K 5,00 =| R(I[R(e)]|/| REeHm[Re)]]i=1,2
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AL FAE R L

FENHHEE L BRI SR A T4, R =R, Eits (x)=s5,(x).
y'(x)

eer, =M =0.562%0.882 +0.438m,

rex, = M= pmy +qm, (3-26)

B V(%)

HELELAAT(0.564,-1.262) &, 1 MATLAB AR 838 S 55 #4172 W
e, MJEREM&ECE T AKMFENM=13345,

B 3-26 AitEEm, =1915. EXLATRERMEIm NELE, ZEHE

BIA L, WEEXH LMEREAND,), KB, =4548, BEAWERMRES

BA KSR B THE LR 3-2,

32 EffiHERBNSH
Table 3-2 Chart estimated parameters obtained

p m ni q my N2

0.562 0.882 897.84 0.438 1.915 454.8

33 HAaMERR

FAMRAATUHERNEER, BRLEEN., [, EFSHEH, &BFk
fRA, BAgES e BHAIN . EEERTRITENISNERE. HSE
R RS MRBYNELZ IR, AT BAHE R 0 K70 KB M 2T R K,
R L= i T SR A A R B AT B SR A S O A, FEMT K R
SRERK . USRERRERZEN I HSUSERRIMZ AT ERENE
.

THAABRTRRENRSEMHTISNERR.

ERANBTRREE ERD X Rk, AR R-IR/RER (K-S)
RREEYC, N TFHERMARIMBESHUBRIKARAE K-S A%, HERS
BATRA TR R KSR, NREMARIHIRERERLER 2-4.

F(t)=0.562|:1_exp[_[m) ﬂ+o,43s[1~exp[—(:‘—5£§) H (332)
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#3F ATHERAN ROGXB LRI NT K10

‘R LRI, WMzt BIREITAE, RERLEK 33,

#3-3 EMERRBELER
Table 3-3 fit test data processing table

F5  iRREEE F.(0) F.(0) D,
1 24.16 0.0238 0.0198 0.0040
2 71.00 0.0656 0.0480 0.0176
3 110.16 0.1018 0.0763 0.0255
4 159.00 0.1493 0.1045 0.0448
5 193.66 0.1845 0.1328 0.0517
6 205.50 0.1968 0.1610 0.0358
7 240.50 0.2336 0.1893 0.0444
8 250.00 0.2438 0.2175 0.0262
9 260.00 0.2545 0.2458 0.0087
10 313.00 0.3115 0.2740 0.0375
11 325.16 0.3246 0.3023 0.0223
12 341.50 0.3421 0.3305 0.0116
13 342.00 0.3427 0.3588 0.0161
14 386.00 0.3894 0.3870 0.0024
15 457.00 0.4618 0.4153 0.0466
16 480.33 0.4846 0.4435 0.0410
17 687.00 0.6529 0.4718 0.1811
18 671.00 0.6421 0.5000 0.1421
19 706.50 0.6654 0.5282 0.1372
20 721.00 0.6744 0.5565 0.1179
21 725.33 0.6770 0.5847 0.0923
22 826.33 0.7307 0.6130 0.1177
23 917.60 0.7683 0.6412 0.1270
24 962.00 0.7834 0.6695 0.1139
25 990.00 0.7921 0.6977 0.0944
26 1288.00 0.8555 0.7260 0.1295
27 1375.33 0.8678 0.7542 0.1136
28 1418.16 0.8733 0.7825 0.0908
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At gL

5 Rt F.(®) F,(®) D,
29 1734.33 0.9059 0.8107 0.0951
30 1854.66 0.9156 0.8390 0.0766
31 1895.50 0.9187 0.8672 - 0.0514
32 2165.00 0.9361 0.8955 0.0406
33 2496.00 0.9522 0.9237 0.0285
34 3112.00 0.9718 0.9520 0.0199
35 3631.00 0.9818 0.9802 0.0016

h EREH4%, D,HIMEEA D, =0.1811

B BEMKFa=010, WEEZHRARB: Hn=35, ARXRD,,=0202, &
BRWKSH & D, =0.1811<D,,, HEKMBRMEM, FLXHBERZRERM /K
BEEAL

3.4 BEEBEAHLTRERA

2530 ELHE T MEERN SRR SH, A CEREMZ B
FTETSEHEAHAE B MR & MTBF b, BBt U iy s 1) R e ) =2 4 7
FEAR PR A R 1B i AR RS ). AT IR AR A PR TAERSE], WTH MTBF
(Mean Time Between Failures) 375, ‘B #b [ i 18] ¢ By e AR E() 171,

st F RS EUB A /R4 A AL MTBF B s il 4% T |

E@t) = J: if (Odt = ppT [mi+ 1) + qr]zl"(—l— + 1}

1 m,

(3-33)

=0.562x897.84x1"( L +1)+0.43sx454.sxr L
0.882 1915
=714.7(W

TG R R IREEE R T TR KR T IRKERT
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% 3% ATHEIRD R KB HILHENT E PN

3.5 AENDG

BT BRI R SR 2047 R B BRA /R 23 A M i B o A AR R R SR 4
BUR A B E B AT /R 4 AR R R SR AL SR B AT 04T - EISA T R
AL L, ERBESRITEEHEIER A SESIER WPP B, R WPP
B#ITSHUE T, AERRRERERRHN T TEEMNE, FIRRIERER 2
ERLHR 2 W ST AR AR
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Fa4E ETURENEEREIAESEEIT

RS R EMHANERENEZ —, HRBET & S SuE it 0T
RANEAY, B K7E T B SRR H = & S A SS 1, RS
WERRBG &I FIERIIREA LA, BSREEFHTH R, FlE. K
B RECEMFRSNEME T HIBREE, CAEM it Sl MY & 77 HRET
SRS MR P BT S0,

BE, X TEERENEEIATITTERE, RIEA R K SRR AR N A
RN TTE. BER NSRS T ER R A 250k, BN
% SR EREEA SR E RS,

3T SE B » 12 R R 2 o B R A R G B BRI A R B A BE R B2
LB R AT 4T, B & R BT RS HF BT L, BHEE TR,
e B GEA ML AT SR S B =B ).

4.1 FEBRAVARELEERS

BAEHURE AT M RN M R —F A —Suf— LR "IN B R &N,
Hid 72 E ERE NP7 R Fm ST S AT RS2 I, B LAEZE = S AT S iR
THRAEH . EE P EEATT AT R SR . RE R R TROBENER L,
BMNARETEENEEINTNRSEOTRERIT, A SRSt i
i EH EEFRBESENER.

AREFEORRE MK, SREMTE, b nan 5T
AROALHERE, MXRF TR, BIEB T ENBIRERR. %
T EHBERENEREENE L TE, AOE T HMMAE.

R A AR, — BN R TF, B iR R
RIFHFENE . Frifge, HERRKRATER. SxTBusEym B ks
M, B BUR. ME. RIA. Bk, ThEE. TE. FREREEA
FRIRAY, AT RE iR SR % 4-1.

31



Fa4F AT TERGXBBERINKEZEE S

RA- 1 HB AN R RS R

Table 4-1 large-scale NC high-speed gear milling machine failure mode code table

02-FAZH R

01-HiR T

K

04
%
B
#E
HooE B %
x

L/
3 R

%=

03

B mEE

02
A
5f

¥ B ¥ R

3

01

EHE =K
S KK
S EPRER
SEBEER
SRBEERK
ScHWBELEERR
B & ®K

05-T &R/

04-F{REY

03-ZhaeRd

K &

SEHE®BE
S oo E ek
S =2 EEMHEE
Loyt &

03

B " K

02

B, BN E

01

SRR KK
o = e gl S S

SKEHEEZSLREL
SHERK®EHREHS
SRELTREXK
SeHmELETKRK
SEHHEKRK
SHWHLELRER
SHMREEREELEK
BEgE®

08-He#

07-Zh{ER

06-K iR

02 03 04 05 06 01 02 03 04 05 06 01 02 03

01

<@ HEEKLE
O M
K
BFRE#M
HREETEE
WEK#
E & # 2K
® REAKEE
HREERRE
# = H#&
LK em
HRERMK
BHREE M@K
HREErHBHKE
HREEER
B R K

KBIRGRHIRI D AR 4-2 Bl F ARG 5384 REARE.
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L FERI

RA2BIBBRGHLR B ML AR
Table 4-2 large-scale NC high-speed gear milling machine fault code table positions

EBALARED HLARERAL HRAL D HLERERAL

S FHARG L HBR RS

D BERYE w WHRS

X X Hit A RS K HE RS

z Z e R \ RS

C C Mt A R E HAE

NC HARY BARB

F fAIRETT HE

ATHREFHREEANIE, BT YRERRER, WX 4-3 PR,

#4-3 PEEBEYLEE IR AR

Table 4-3 large-scale NC high-speed gear milling machine failure reason code table

R B P R A RS R 5 R REERAG  BEER
01 Hi 14 A3 27 puE >4
02 Z 15 ot % 28 Frig
03 £ 16 A BRANE 29 ik
04 722N 17 EARE 30 #3)
05 T 18 ITREAE 31 IRBRAE
06 B 19 HE 32 CNC ¥k
07 foxd 20 BER 33 JCERMEIR
08 Lo 21 EAAEE 34 FEMAHK
09 B{L 22 % 35 3 W NS
10 %45 23 i # 36 EHRARY
11 Zth 24 HE. S5 37 T
12 o g 25 AR 38 Fofth
13 2k 26 e

33



F4F ATTREGXDBIEENME LS

42 FEHEHBEERE T

BEERENYEEFESENE, ERM. BRAGEEEEERRE. =
EREEXEFRRNERER, A+ 2, EURENHRFRE. g
BR AR DAL AR AT, UARR R AR s B R L AR B SRR 9 AR,
HHEMERAD, KIREXB/NEE, BERRERITEXR.

—BBERT, RIHHE 0~0.8 MEMERE . SR SRR AL KRR
BERE . XGRSO AL, 0.8~0.9 MkBERE . s
HAChFEREER . FEREEARTE BRI, 0.9~1.0 KEFRRE. &
PR B A AR S R B R L IR AR Rk B R A

PG E VIR K ERIEN LT, BANPRERI| TR 4-4 F . HRE

R XA 4-1,

F4-4 ZRFIRGETREEAIR . PEK
Table 4-4 the NC high-speed gear milling machine of the frequency of failure, frequency table

s EAAE HLARFBAL B S
1 S FHRS 12 0.343
2 D BERS 6 0.171
3 X X e RS 5 0.143
4 z Z S R YL 3 0.086
5 C C HitE RSt 3 0.086
6 L NS 2 0.057
7 \ BIER S 2 0.057
8 Q BARPT 1 0.029
9 F AR & T 1 0.029

b J0d% 4 L5 L AR 0 1 A R A IR B T LU H R R B R AL T SR AR 1
KBTFRENTHAM. WERS. #LRE. KB TRARARREHEBIAEN
WAL, EAIMBRREILA & 82.9%, HPEMAAKEMEE R, & 34.3%;
BTFE_MKRBERLH 17.1%; BTEZAMAKNRE X HESRR, X 143%,
THRGERRESERAENRL, KEERTZRTHEBGRTRE, 2%
MBS TN EER R, 40, NEMARGHT RS RT,
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REHTHEMKTFRIZHENTRENITR, RETRANTEERBIRIE, 4
B LI AT S MK PR B R IB IR 5
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(34 e
El4-1 ZEBEE R B T R
Figure 4-1 The NC high-speed gear milling machine parts of primary and secondary fault map

mE

4.3 FEEBGHLRELLE LS
4.3.1 WEHLELBR

BIELLE LB RN e b, RIE FRAELLELD BRI
ERE. IRAMBELSH, —MERFENETEREGIER, NS TRE
MR SN BR RN T O BN KRR N RS E .

HENTRELERKRT 1N, RBRTRANKERCDSE 87, M
FAXTHERE, ZTRAELEHEENHERT . RZ, WRHKEHNT 1, U
BT RARESAEL EORRZT, HAHRMAEKFHRERR R,

ERESART >N RMETE, ERYERE K EAFNETRERT
B R B UK BN AT S £ 305 25

A M
=E__"9 = -
K ) ) Ag=rls 4-1)
AF: A — EFREMNBERLRE;

2, — ETREREERIEN
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4% AFTERGXVLEAIILREESOHM

M, — BETFREK MTBF $545;

M; — REFREH MTBF EfFE;

r— GRHBRET RGNS
S — GRS W,
K > 1 MR %T RN LG SRR T LT REMHEIRT, BRI
b, REST RANTIRNE, FERERRRRE, WL OHREIER.
FI K, #REHM SRR, T

Mio_to
z
My g0

RHF: My, —HHE MTBF #5175,

Arg=ryls (4-2)

M, —¥H.H MTBF EZRr1E;
Az —EENIRREER R ERRE;
Ao —ENBIHMERIER;

o IR R R L
B, EEHNGE TRERFORT, DRARE: K, <]

B &
'15 '15 _’1‘0 ’125

K=2& 20 .
/1’0 ﬂ'Z-E X’O A'Z

o (4-3)
Ao

r
- z
r,

0

A
fﬁiﬁ%ﬁ@ﬁ%ﬁ%%ﬁﬁﬁ&m;ﬁ—Mﬁﬁﬁﬁmﬁﬁ%ﬁﬁm
z

0

B, T REMBRER SRR R A L ER B3

® QE:_aQo:"o_ (4-4)
r Az0

z

RP: O HHBHIRE S, RAETRALRRERES S BHUKEREE
BIES: OABBETSL, RrETRANBERETEESEF 58
PLERRR K E 2t
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ARt FERX

AW N b= = 0 (4-5)
K==£.K,=C-K,
%
A C=%‘ — MRELLEL; (4-6)

B ERTH, ETFREANKEEL K RRERANSH. —REELERC,
C R g BTSRRI, AR SRR PR T SRR e =
RHEHLI R b . 2250 BB A AT A s i 4 R 3 O AT SR K X
BB AR R AR EBOr A AN, o, SRR ER CHT R
REgit 4 R, TEXEH R RCRE R, FLEF AR ER CHY R
B ERTTH

432 WEELLELE

BB SR HLA MTBF T4, 5472 KERK 800 IR
W EE —EEE. ATH—SHNBRAE, FTRERTEITERESES
ENENDREESFENATHEENR., SWERE. TEXE, £84HE. £
AR R TR ASEE, £6FES8 TEEERENE T RAENER
EPATIREN . MRS RS T, HETHRMRETA 1, XER

G5 EHMAGAALE, REWR 4-5 Fir.

#®4-5 AEMEEHERMRETFHER
Table 4-5 Factors Affecting the weighted reliability factor allocation table

7S EEWH  HSR# HE 46N RR TAeNE TEHER

¥ kl K2 Sk k4 % k6 AR
ARG (KD (HIK) k3 (EZ) kS €3) Moj(h)
FHARR 1 1 1 1 1 I 6635.48
BERZ 11375 0.8 1.05 1 1.2 0.75 7716.12
X #higtsh  0.8875 1.025 0.85 0.85 1.15 12 7315.82
Z s 0.8875 1.025 085 0.85 1.15 12 7315.82
C 4ty 0.8875 1.025 0.85 0.85 115 12 7315.82
HERE 1.55 0.7 1.1 L5 1 1 3706.45
BIERE 08875 0.85 0.85 0.6 12 0.9 15969.49
BARB 1.5 0.45 0.9 1.5 12 0.9 6742.35

fAREITT  0.7375 1.2 0.65 0.7 1.3 1 12675.77
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% 4% AT TERGXAHLBENKFLRSNM

BRI CHR A AR A R

STIA
Ji
My =S M i=1,2,0,6,7=1,2,-9 (4-7)

n Z-0°
Hkﬁ
i=1
K My, —HENLFHIE R R A
Mo, —5 JAF RGP HI MR AR A 1)

k, —&jATFRENEIMHEMNET:

B BRI E MBSV T REMTEEER IS R LK 4-5.

BETREEERIRER B TERMRHEHETFRAETRES RS
F) R R SR AR A B L i R R R A

A, =1/M,,=1/800=0.00125 (4-8)
Ay, =1/ M, ={0.000150 ,0.000129 ,0.000136 ,0.000136 ,0.000136,
0.000269 ,0.000062 ,0.000148 ,0.000078}

B AR AT IR 3 IR B AT AR B B LR 9 NBRE T REHBIRKE 4
R 4-6, WHAR 4-4 AR 4-6 HEHANFREMBEER T 4 ELRTHFE
ELLREK 4-6.

(4-9)

F®4-6 LBV ELLR
Table 4-6 large-scale NC high-speed gear milling machine than the proportion of fault table

MR AL BB RS REREOE HEHER

UK T R4

Qej A oj Qoj Cj
FHRG 34.286 0.000150 12.058 2.843
RERS 17.143 0.000129 10.370 1.653
X HfE R 14.286 0.000136 10.932 1.307
Z Hie R 8.571 0.000136 10.932 0.784
C #it% R 8.571 0.000136 10.932 0.784
HERE 5.714 0.000269 21.624 0.264
BIERS 5.714 0.000062 4.984 1.147
2ok 2.857 0.000148 11.897 0.240

A AR 27T 2.857 0.000078 6.270 0.456
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Fig. 4-2 large-scale NC high-speed gear milling machine than the proportion of fault figure

IR 4-6 MHFEHE A 4-2 7T LUE BB iU ST RE T, L
PR EEIMEZ MNEERKNTRES AN EHEAR. WERE. X H
HERGE. BRARR, EMWREREHRT |, XU FREE ST
g, RETRANSERLEERE DT 1, JARGEREAR &M M

4.4 FEEGEHLAA TS RATH

BB HLE P A R f BE R AT IR 45 R R L HE B LB TR 4-7.
R4A-T PEBLGHLEEH R LR

Table 4-7 Fault NC high-speed gear milling machine table

ST R Uk R Bk 45324 X2 A7
S R g3 HF
FHARS 0.343 1 2.843 1
BERS 0.171 2 1.653 2
X Bt R 0.143 3 1.307 3
ZHHR RS 0.086 4 0.784 5
C #iit s R4 0.086 5 0.784 6
HERE 0.057 6 0.264 8
BB RG 0.057 7 1.147 4
BARp B 0.029 8 0.240 9
fRIRREIT 0.029 9 0.456 7
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M ETE 4 BRI AT LB, BT TSR ERAR, 247
(45 B RAIR . 4% A T RAMA R AT S0 T oROE i S L B L )74 5)
BT, o5 S{% ERTR H R B R R B E R TR R

(1) Bt LI HR L B b B P SRR B, SRR EH
A%, WERZ. X #iE RATHAN=A, BRERERERRNTEL, 2
FMZE RSN TERN I ERR.

(2) BORSEGHLE T RAN KR E L EHF 5 HEARERHFHELE
RHE— ARy, HoBS RAZEMREE 4 R H PP UGS 7 60, HEE
SHH ST, AEMERBMTHAT SRS, EREGREEREXRATFT, &
BRAMBRELENL Y 1.147, HAES 4 6, LSRR STREETAEZRKX.
XU B R G BRI R A R, B R B TSRS RN SRS R
Zi—MRFMTENT MTBF f, RESRFHPIUURAET HKERE, HREHER
SHARETRERANEE, B— MBS 4 LER T TREEHFY. |
XEEFEHRFE, FEHZREEREHFRNEERE N EERETITHER
%, REREOTESE, FULARRENER.

(3) THARL. WERL. HAREFNHEERR, LhEERSREZ
WEEHA, Wit 1, ERMMTPHESRRAE, HHIE=, HEME
EXX AT RERNER, RETEE. LU FRENBELELEYNT 1,
P DA EAKRE T TRERIFER, BRI LUMIERSE, RS
RABT R A HEAAT LR, ERENEERE.

ASCIA N B LR ST 45 RBAT INAR R & 404, SRR IR (B £ 2
FRERETHRKE, MWEFERAEREEESEER.
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WSSH WY EF R ANEA, RBEEST K, BPREEFHTHR
T . KR REEASNGA SRR, ARHEE R . TREEK
RETXIFE MM T RERBET S M, St A RIS EM, & &%
R R GIE T TSR SE L, R SERIRE TR0 EH TR, Hik,
HRERTTERET &M RAANTEERTEFESRAENAE, Wit HP
FIBOAE M BO0 T B BB R AL & T B B A SS 5R T, RN B M ARAE B3
AFERL R RN, ArEd RN RERERE B0 T2,
RS T7 I BRAE, SREUHE R F s B S SR R T BE7E ) BTV BR, DUA BT
MK EH.

IR SKXC2000 Z¥i#% midE st ik ML IS MR IR #AT S0t S04, /i
SRR G TR BEFIT. A TREEIATERE, A5 &5
PSS AT IR AR O R R

51 BB AN RSO E E

5.1.1 REERLENBUEEE

(1) EHMBRR

EHE R ZEE AN T ESE M, BRTREENREEIN, K
PRIK 34.4%, HIELEHIE 2.84. M TERF, FHENKEIEFRET
K. EHIMRE. THERRE.

a. EHIAEIR T IS G

THATAIETREIRKNEERT =M —REHERERK. EEEA
GRS RESK. NRELZAANBEENER, BORS. UASERR
B, ikt LRE 20 BERAESITEREN RS BERE; —£FH
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NIPEASS, NAETZE E#TH. T EMETEXN BERETHALE, £EX
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DIV RR R ARG, BREXINEREKHATER, BEREmIMsFeE, X
PR AR E T BRI, BMAORE . FRHER A E5 PR, MK
MRS, BEEHTEE, MORS, RENIEE, BERS; Z2mkmi
ITHEESE, MIHEARRRTK, ETEERIERAKRE, ZORIRIESENE
AR, R rhd. REENREASETREAENEHE TS,
IR KERTHESHFENE, BREWAKERIESBEARNARME
B, FRERTEERENARITELR, WEXRERIAHNERMT.

b. FHAHIRIEHITE

THARMEIERH TEHBERANIRERS ., EHEREAE. TH
BINERFH B REHASE. EEHBERRANIERE D, —EEFRERR
BISHIERER, BAN THEEEIRER. EMEEHENREERANEE
FREREITRE, RIERENRR. REBRTHERMARNRE, @Y
HEER, S IRIEEHAREEATEEN, REEHHR.

c. EHAFR I HITE I

FHAABRSEXIEH T EHAMRERARENN, NEEEEET. &
W FRHENE AR E A — SR E R A, SEERERW ORREH
FARENEEW); BUBME; BEERHNEARS, BEREHAE, BT
L2 3

(2) BERS

BERERZEBHEHENNFERS, BRETEENEREZIHTZ—, &
BESMEIE 17.1%, HELLEHIE 1.65. HEEARUEHEMN TR, £#ER
LR LIFPBRBRETZHNA. Bl TR SEMER LEHEER, B’
EREEFRAIEPLE S I RPN S, FEERAAB BT EKRE
ZERBIEFTE. ZEEERENBEREREIEGTREE I ENEWE 4%
MBEETIE. WEMRHTZE. HEERETIAEREERKIER.

a. MERGE N EEIZHIHE

EZEERENERERERER T HRERRE . R ERSHIERE
RIBIEAAE NS EE, EH%RBRRGES e h s B EH R E,
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BUESRMAMER W T IR SRR T TR, WmABRT AEMAS,
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BEZEHAENN THEEERRTER, FRAEAmTHOAN RE; ZRE
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REVRE.
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(3) HHBERGE IR

HERRRGHLEERENN ZEEHITE, LRTEENBEHIRTZ
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