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Reliability Prediction for VDI Turret
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Recently, the reliability are applied for many industrial products, and many products are required to guarantee in quality

and in performance. The purpose of this paper is to present some of reliability- prediction methodologies using failure rate

database for machinery parts that are applicable to machine tools. VDI Turret, which is core component of the NC Lathe,

was chosen as the target of the reliability prediction. The results of reliability prediction has shown the failure rate,
MTBF(Mean Time Between Failure), and reliability of the VDI Turret. It is expected that proposed methodologies will be

applicable to prediction of reliability for other components of machine tools.

Keywords : Reliability, Reliability Prediction, Failure Rate Database, Reliability Block Diagram

I $E 4A Ze Azgo] Folu 27 8

o\_.
PR

=2
>
it

o o
ok
N
)
offt
o,
1o,
b1
i
N
off
(o

s 7Y F
ge walE Ao HAZ RE AQAES FAF:
i, old 7|H-g AREst] AME AFE

A g% dollA AHAY &4E FEATAL
3 FAVNAG 2L 7ANEY R TERES T
FEo 75l A2 dAFH AAY 7es &
He Aladoz, Al2vlg P45 7 BEY
Z AR ANz"e 224E AREA Bk 2
g U 71AZEE AR AS A 71 B]de
eHAs| AAHA Y AL AAE AU HAE
stelgte u|gsbEel Azle] uwlE Holgo]r] wEo|
A Adel] ot BEaA(Uncertainty) 2t S7Fg o) whebA
Atd AFo] s AAgACdA AFY 7EE EY
& Hrphyol AHEEo AEAN AATE FHEofok

=

Cla=d

£ dTelAE NC AdutelX gt Au=r} 713 =
& H(Turet) S tiAo Ay dZ7He H8&at0]
AFA N ARE AEstn Ha/Es e T3 A
FRE HstAth NI EAGdes AT HIAS
NC AwolN FTE n&oR AFuH F& FAE
A, o] FA7t Ze AdEe TheAE
< Fv 84 #FYolth VDI H

2
ofk

[}
A5 T AY DSl das we
EF(DIN 69880)3t8 Al=dgloz Xute]| Aol A}
7yskal ek

2. J|AIFEel A=Y o= JIY

A dze BAL AAT Aadd AndE ¥

ofghe] glol AFQ] Al wet HAD AL



50 O|5% - OI%7|

ARHE dAska, BAEE AA Aol 24 st
of AgelNe AFAAY 43} SwAIe] Be &
A2 vdo] gAske Roltk oA B4 B4 9l
A AN FAEe e A9 ARAS AR, A

=] o
"asth 44 dEe A% WHoRE REe 4
g 4 e WA GA%E 4 2% gHo] Axd A

WAE 243 4ne 3
Effect Analysis, Al 22 Hrt} duk
o] FAYNE ZA3 14SES 443+ Fault Tree
Analysis, A|2=go] izt 4= 9l Foto] A

8l Worst Case Analysis®} 2 &9 245 238 7]
To2 A2HY NEEE JFskes 2FE o]
2 488 L AS dolE A8E S
AREY AS nFRE= Fo Aot
A/S dlolE7t FAEE A& A3
o] golg uFE HolHHo]2E o]

e

3l Failure Mode
Hom Axd 14

ZPe Agag
AR AzRY A4 A3 e B AT
L <ag b3 2e A8 dF9T 58S 49 it

i

AL G A SEIEY | MIAERINSHA
SAREAZ  \/ A= s8N /

SESH Ut 2HANAE

\\\; . -

e System Tree 724}

Feedbacki

g 1 MEY oSS 21T it

AFDA BE A2, B4 Az A 5o
& ARE BN o) P FEE FETAE,
L}L

0% FzEAo] oFofxiy

A WA gAR sl sk A2"E H4so
7]
A

!

D
o, Il
olrl
o
I
oft
ut

FARES TREE opUg BE tholomyel A3
Aoz 7154 SudAe) Ba% Bast TEE
M3 g4 Bdel SYHH, o2 vgow FFW
23EL Ak 7 $ES 23E e ARG
B W TR SuA ngel U nRE 5
Axdel Amel Uz £89 el nPEH T4
£ J5As B Azg DA vlAE g 1
9¢ 9804e neiste] A gt

Sz AH8H
A BEo @ 3
o 71 $Ee A &
87, td cedzd g
2 s A4 Aue Yo B of
o NPRD9SE AM&3lgich o E
dhsl oF 20:3be} AR

D ZASERY RS PREE

bl
o —
i
tlo
am BN R
éol}l_,m#(ﬁ’ l u{ﬂlo
ook
l_;! —
1
iﬁn{m;\o‘,
o oy —
H oo g

A o

2

>~
==
oo
g}

L
K
ol
it
K
S
2
4
Al
H
h
=l
iy
ul
fir
]
&
?;
g
5
=
8
~3
<l
g

4

g
(Failure Rate)

HECEA
Wear Uutr

Baae
(Steady-State or
Us eful life)

LIPS j

<O 2> MR DYE Ozet AEIFE HOIES S

ENIY
(Infant mortality)

22
re X ox
-
fuj
uet
N

flo & 1> >

ut Mg He

= L
Hede A4 ¢ Jon JAREY A A9 ™
Aegoz BB & Ytk
22 Function Biock Diagram Reliability Graph

1800
e
2 i

o
| awge

g & g &
e e & B =
<8 3 M2Yg 25 oojoiae B
2 B2 dolojade] /B PR 7 $E @
AE E43te] AZoN c8FKoZ AZH EZ(HH)



VDI Turret® 22| ofF 51

S2 AEEA7L A LoloF a5, Aol HepAE A
299 7% Fe AHNS FHUOE EET 4 An
2z, Aedel Roue 2y, 724 9, oux, An
5% 53 2 AxY B RES 5S¢ XY
stol Alzdlel J15d LS BT 45T 5 3
th <Y 4>t 7AF REY Y BE vol1d

NEY BEYeldade HgoR NARE A
e A2RY ZE P5E 4%, 1% 5 a9
& A B, Aol AESE ARE RS ¥
Fo Ugsle 42 2, 207 FF $UL A8
© 2, 2 9ol7] A% A AFo Tas
£ A2Ag YRR Axdo] HEs) ds Baw
goz vehle A 3 A2y ol o v
APAME Azge] A5 ARE Fol Avste
AR FAYE Agde] 23 vholojade st
4sI=E At

NPRD9S 4E HolEWlolit LI AFRE
£ dgos A qeom, og oIg3tel dsio
YRAZOZRE A29e MIBEE Addth 999
2328 /8RN MBI mwm A
e

4
0(=)=(|

o = o

T3 4> M=y EECi0l0{I

3. VDI E{3le| ME|Y oIE7]Y HE
31 RXEM Y IHE HE AM

VDI Bl 72+ s Al BH v E](Head)
2 3 Hste] 3 A(Indexing) 2 ot FHAGR 7}
F2AAl B3-S uyA 8t 2 Y( Clamping/Unclamping)
2}l g s Clamping/ 2T, B3l 4 A& st
= FZ&/A]A|(Main Shaft/Support) £} ZE/AAN Seo] H

EL

Clamping/A! 21

Main Shaft/Supports*

<3 5> VDI 632l 2= ¥ 7Y

Servo Motor|

<2 6> VDI HA F2 #F A JIs

HIY F2 55 7)5e #¢ 92Ed de
THAYA ) aslo g2 FHAFAY §/EE AP
Oﬂ a4+ HEUEM ﬂ%ﬂ%ﬁé

f‘u-l

1

N
N

o
Job -‘i‘)’
FErL

2 ]%(Unclampmg) Qoq
5 7e] HES P24 A4S Bk <19
%8 £4% @ Aow Fo 74 RIS

N T T o o R
ot o

off M MU o L
to 0 2 rlo °
-



52

7l fa) <ad o o] TAEY Al A 2Ab)
o] 2o} L.
AAAH FAo 2+ KS D4301 3FHE, KS D3709

Ua a2 2ged 34 727 dzsigon,
AzxAtze A ARTE 718
ZA} k9

2%

% KS 74 58

Ag 7> A ME tYE MY E A

Part 16L125

Ledle]

Quahty l Environment l Failure Rate _[Miles] Data Source
.JMil-Spec ARW - Airborne Rotary Winged 280 ' 25199-000
___ Mil-Spec DOR - Dormant .. .0.0855 il- NPRD 109
__|MiSpec  GMw __6.589 .
__mi-spec GMW 81,9672 T NPRD 056
_mispec aMw 05297 r' NPRD 095
— Junknown GMw T 4.5933 . 7
—_|unknown A - Airborne 2,387 [ 14182-001
— Unknown ARW - Airborne Rotary Winged 9.247 1 ™ "14182- UL
. |unknown AUT - Airborne Uninhabited Tran 17, 6294 T 18459-000°
liUnknown i3F - Ground Froed .07 I 14182-001

[Unknown GM - Gmund Mobile 11 .2435

<38 8> IHE MH| HM(NPRDISI|E)
[Part : Seal, Sub_Part : O-Ring]

TAREA B IHE AEE el AFE uieg
ol Z|ARZFe W uFE HrE 7}11 ‘th

NPRD95 & AR&3ldiv). 1a&
&EF(Part Type) TES &
Types A43HH A& 24

$ . 0|7

)
fl

H 1FE Y2EdA EAVE, 84, A2
of AARTL AMES BEe] HAF uHE
ATl E F271EH AHE 84S vt
Adsdeh. 4 7182 gRe
F-8(Commercial) EE(Unknown)& 7|08 3ta
Mg 3732 A4 A( GF-Ground Fixed)S A =3}glo
4 A Aol e 0
(GM-Ground Mobile) $+7& Aty
<71¥ 8>2 O-Ring2] NPRDY5S DBE 7]—7r‘—°i IAE
A4 B4e e itk SANES A ARRE
of wls) A4 Aurt HEsn F40] Q7]
Mo HE EREIN B 2Eo glo
a7 Ab*%%%ﬂ&%%*%ﬁ#lv4ﬂﬁﬂ

He ALgatel AYREY

o |0 o i
L S}
-
. K rk:
o
o e &
o F[O o

ko

b

fu

ox ot o off L
£
) -
Do
o

Aol

rlo

3.2 AEjY oj5dn ME H B4

iz

VDI B39 AL dARS FF FHRE 7|52
2 dZ39S ) -E(Failure Rate) 84.7321 Failures/
ek A|7h, 3 F LA A ZHMTBF) 11,802417F, Alg %
(Reliability) 0.99052 &=t oJ7]oAe] AFe=
1,007+ wfe] 2 %=E yeldth Duty Cycle®
10002 dAstArt o]e Al2go] A HAS we
FefollAe] A EE vEhlE AoZ Eglo] 24471
A% ZAsde A& 7HAs

ARt og NC 4dwte] Ajx~e #do]re] MTBF:=
ok 7,000 ~ 7,500 AlZF A=YE 7ok W NC Auke)
A H-A]2~€9l VDI E3le] MTBFE HAF Aoz wg
2i=3

- sS3uAgs
MTBF : 93,326 A|2¢
FR : 10.7151 Failures/¥O Al 2}

A

MTBF : 11,801 Al2+
FR : 84.7321 Fallures/8OEAI2F

Clamping & + 2210 &

MTBF : 44,739 A|2t
FR : 22 3521 Failures/¥H{OHA| 2}

> Maln Shaft % + Support
MTBF : 25,811 Al 2}
FR : 38.7429 Failures/¥OHA[ 2}

Haw

MTBF : 77,387 A2t
FR : 129220 Faflures/®§0HA} 2}

<13 9> VDI B3 2 ME-A|ARYH MTBF @ DXIS

<I¥ 9> VDI HEle F4 A H-Alx 4 MTBF ¢}
LFEE ¥4 ASE Main Shaft? o] ua-go] 74



VDI Turret®! A2 OI= : 53

e Aoz Ut oe HEE FAde ul /A
ME-A 2R 5 n%o] 7 WA TAsE Ag ovdl
T ez <Oy 10>9] MTBF §4 Tz e) uhd] Zol
(A7 7 #@A #4= 3 Ao

B 05 Tt

0B wanwa

MW ClmprgaHTIGN
Main Srens Sagcenty

s

aZEol M w2

FEAANTY A HdAH
o3 fretol ZelE X-Ring27) AH8)e] agEo] 152060
Failures/ M9k A|7t0 8 #2 ZAo g2 BEMnQon FZ&/
AR AZES 100%2 7HAAE o 3925%] 13
S AA e Ao vEyh

ol¢} A F=2 B AF I nFLA W&
B2 Aoz BAHUY. EEY ZYH Hee B
Al Eol 127} EHBlol7] Wio] 12719 FFo] AHE
Hug A9 nFdES /N FFEIFEY o] AA
AlZ2ge] jo] HER o) EF teloafg 74
i 1270 & 1709 ARt ARRETa PAlEe AE 2
H3E Astad

Clamping/ A ) Foll & €A 34 %
& st 3274 AW AZY(TAE 9.0035)F
% 3l O-Ring(LF-E 7.3280)0] FHefREow
At F REF nFEC] Clamping/ A Hciy =
0% o3& AAXshe Aoz eyt A¥ AZ
7% 7)o} vl <3 W A (Backlash) S LA 3H=

Q

Agelog BAET ¢

L)

ik

ofr N
i

HooX ML O o
o Jx Hr M

ki lo lo ¥ o of

i)

£

< 12> ME-AILH-E F[of 2F 84

ME-AIAH 72 & 9 1=
X-Ring(Quad Shape) 15.2066
E¥Y Bolt(x12) 5.3580
A5 Clamper(x12) 5.0796
Oil Seal 1.4098
Curvic Coupling 9.0035
Clamping/ .
Az O-Ring 7.3280
Stud Bolt 3.1892
Limit Switch 11.7746
A
Servo Motor 1.7924
Timing Belt 9.9875
S EES)
Pulley 0.7276
MBEEESG A7|FFE2 FAH e dRRE 2
A §/FE 7HA8= EnE i%ﬂ(ﬂ%% 11.7749/2EA)
o pFEo] BHF-FA HE w2 Aoz yeyton, A
Aol 90% oldg EUE 29X9] o] A s A
o2 BAENY ol AA B3l AS A7 A
7 7ol go] BAsE REoR WAHAG Y
dg%e Ay ABYL A4 $9¢ Agske goly
WE(DHE 99875)7F Ao ke REom A
o}, o] HE o JI1&d AES A A REFA
ot AAHE} o]Fo] Aok & AHolrt
Refiablity over Time
1.0 1o
N
03 \\ﬁ\ :»‘:m'““‘” — bt 09
] [t
08 \ ——— a8
\ P—t
(%] \\\ 'Y
as \\ (13
g \ 2
245 os §
4 \ ES
o ~ VDI-Tumet ™~ 04
— EUIRY T~
03 -~ Clamping 5 +QBIC % 03
Main Shaftt+Suppons
02 - RAY 02
ot [ 43
9 A }
(] 1000 | 2m0 3000 4000 ' SOG ' enno 0 %00 008 o0 ' 11000 7 12000

<8 11> AlZiHE] e M2 e}

NEE Azbastel el waeA Hed <1
1> Amalzgel NHE WsE ved ol



54 ol

MTBF 11,802A17F 744 A we] WM3le F&/A]A|He}
Clamping/ 2 At} 9] AHZ7t o AME-Aj 25 v)s)
W) AtEE AR Ueldn. 53] oM dAFHd u}
o} o] &I Hl HIE A} 2E 29
2o REE 1V F kY RET A&dte 42; 5
E tolojad g FAIYEdHE AFE Ayl we
dojup= A 01 FEol 7bg Hofs §
p T (Shaft)} rlE 24
‘%‘—E A2 ﬂxlﬂﬂ EdEN %ﬂr Fds
} il

, B7tEolof & %717J° 4
(Long-Term Quahty)i/ﬂ AF7H4 FLE PR AFolz
= w7179 E=Z(Short-Term Quality)dE T2 7]&3
¢ 2730
E =RdAe EAdolgte MRE 7]%;‘4 8.7
371 4 H"1 NC AnkajzdofA] 4] FFolgtx
=], I E3E tges A=Y d5718ES 4
83t Zé%}'z—*.?l AE HEg kEsdch 7AF F
% A4 Auel FAME 2o
NPRD95 n& dlojElHo] 28 o] §3to] 7} FEH
o, olg o]&3 A&d AIe H3
AHAS st 7dkRlggo] 83 AWM

o

R

2 N BaE BHT 5 gom, AxglN 24T
F e : F Qgieh

AolA et 2 el
R IRER
7409 498 A=
959 dolHE FeaA Ave
24 2ejo] B

r—{m
4%
=2
rJ
o -
re
-4 9
>
™ )
ox.
ole
ofo 4z
r2
-
(R

ZA1E448HE], 3(1) < pp
[2] o]&F, Wl &f; “nH
#3 A, d=FAHAY

2001.
3] °)AI%, 1A, S&AFATE, AL 199%6.

o5& - o]

[5] o159, &9, 9 “FANAIA Unite] A4
Hr7IH 2 Fgo] #e A, gdE-Ess
2000 3% FA18te =53, Bugta, pp. 43-46,
2001.

(6] FF; “AHA dS 7he|=”, a$-Al 2002,
(7] H. Paul Barringer, David P. Weber; “Where is my
4th Interna-
tional Conference on Process Plant Reliability, 1995
[8] H. E. Blanton, R. M. Jacobs; “A Survey of Techni-
que for Analysis and Prediction of Equipment Reli-
ability”, Trans. IRE RQC, 18, 1961.

[9] Nonelectric Parts Reliability Document, Reliability An-
alysis Center, 1995.

[10] MIL-HDBK-217F N2, Department of Defence, 1995.

[11] Failure Mode/ Mechanical Distribution Document,
Reliability Analysis Center, 1997.

data for making reliability improvement”,



