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Abstract

The life prediction is to estimate the life while thaw initial size and critical size are
knows. On the contrary, the life control is to estienide flaw initial size at the predetermined
life. Nondestructive test would be used to detect the flatwsse sizes are bigger than the
allowable initial size estimated by the method, and spoeding repair or replacement of
parts or components would insure the reliability and safesgructure in its lifetime. Aiming
at this problem, the fixed amount relation between untedgarobability of flaw of in service
pressure vessel and the independence examination timedaidisbed in the base of
examination results before. The ability of nondestvectesting is availably increased, the
undetected probability of flaw of in service pressure \‘asseontrolled within the scope of
an enough low and safe level. dynamic state monit@aiszed.
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1 Introduction

Usually, the product's inspection period is assuranced angotal estimate life, but it
could be appointed according to effective demand in engineetsgally,that is, appointed
life in advance, realization life control.For examplor the sake of the easy to management,
pressure vessel, boiler, pressure piping, elevator, deplak, special kind equipmentses,
such as facilities and passenger transportation cablegtay.are inspected according to
department concerned in all countries of inspection gerfon the other words, their
inspection period isn't based on estimate life but isadvance appointed.Under the
circumstance that this kind of inspection period in advapminted, estimate life method
already can't assurance its structure safety.In additow the structure part close of,difficult
to open or dismantle, generally, inspection period requ&siger possibly on the
engineering.But for those easy to inspect, inspectiomgean be a little bit short. To this,
ducment! carried on a research and put forward a idea and methifd obntrol, makeing
life research from estimate to active control. Tlasv leaking to check is one of the main
reasons to pressure container, airplane and launchimeaectc. importance machine
occurrencing trouble of. Relevant investigate data entiojabecause of structure material
failing to result in of majior accident, caused by tlawflleaking to check above 80%.In the
last years, though the nondestructive test technique hastyabig development, but the
results still existence bigger difference when dissintylagxamination personnel carry on
examination to same crack, and can't examine out the digger than provision size in
structure material.The indetermination of this kind of exation result is subjected to
material, structure shape and size, examination equigmexamination environment, crack
position and tropism, examination personnel's technique deemental state appearance etc.
many factor of influence.The flaw inspection out probgbilthe nondestructive test

reliability had carried on research by docurfterit.On this foundation, aiming at the realm of
overall periodical examination in service pressure, howetect and combine the method



etc.to attain superior aspect, make further try, and pwafar a concept of dynamic state
monitor in this paper. Superior the overall periodical neiration in the future,being
conducted to the past periodical examination results, ntakesult that the possibility
declines to the lowest in because of leaking check élwelfigger than critical size appearance
to pressure container, attaining that safety life cacoiéroled.

2 LifeControl Square Pattern

2.1 Life control square pattern containing varieties hurt

To set up(D,,, Dy, L ,Dg,) as initial hurt, (D,,D,,L ,D,)as critical hurtt as the
product life, Their existence as follows relation.
t= f(D01’D02’L ’D(h; Dcl’DCZL 'Dn) ( 1)
When initial hurt(D,,, Dy,,L ,Dy,) and critical hur{D,,D,,L ,D,) known, to
request product life, is called life estimate. On thetr@oy, the life control is to estimate the
flaw initial size at the predetermined lig t
t0: f(DOl’DOZ’L 'Dm; Dcl’DCZL 'Dn) (2)
critical hurt (Dcl, D.,L ,Dm) as known, (2) pattern is called as life control squgyattern
containing varieties hurt, it separate thB,, DL ,Dy) into two parts asQ andQ ,

(Dyy, Dok D) OQ t<ty, while (Dy;, DL ,Dgy,)OQ ,t>t,. For the sake of assurance
product life t >t,, the methods of nondestructive test credibility havadopt to check out
product’s initial hurt (DOl, D,,.L ,Dm) belong to Q , and fixing or replacing
componentsin time, thus assurance the product is safdtg period of life appointedly.

2.2 Saplelife control square pattern

For the single hurt of circumstance, in addition tthwihe form of type(1), for example,
compound material’s rigidity decline formula and the $mi@ck a—t formula etc..The most
in common used on the engineering is still with the tdenof hurt velocity token.

dD

—=f(D,m,0,4 3
m ( ) (3)
In the formula D as hurtfactor, m as material factor o as load factor A as

environment factor.D can be a flaw sizea, rusty of pressure container’s wall etc..Carry on
integral calculus to the formula (3), a life estim@atenula can be get immediately
_ b dD

=[ (4)
5 f(D,m,0,A)
In the formula D, as initial hurt, while D, as critical hurt. If the product lifd,in

advance appointed will be substituted into the tdam(4),then the following life control
square pattern can be get
DC dD

t,=| ——m— 5

° Jo f(D,m,0,A) (3)
Initial hurt D, can be solved according to the formula (5),thea thethods of
nondestructive test credibility adopt to check pratduct’s  hurt bigger tharD,, and fixing

or replacing components in time, thus assuranceptbduct is safety in the period of life
appointedly. For example, to stress rusty life oant



Stress rusty flaw extend formulads

da
i f(K,) (6)
In the formula
C1+C2KI KISCC<KI<KIP
f(K) =G Kp =K, =Kg (7)
C4KIm KIR < KI < KIC

C.C,. C;. m andK ... K+ K as material and mediums system factor. If the ycbd
life t,in advance appointed,then the following stressyrlifst control square pattern can be
get

_ra da
ST ‘)

In the formula a, is critical flaw. initial flaw a,can be solved according to the formula

(8),then the methods of nondestructive test crigibadopt to check out product’s flaw
bigger thana,, and fixing or replacing components in time, tlassurance the product is

safety in the period of life appointedly.

3 POD Curve Function Theory

Base on the biggest similairity estimate princiglesrack geometry dimension &s, its
check rateP(@) can use logistic function to descrip, the POD euunction:
P@) = exp@+pina)

1+exp@+pIna)
In the formula , o, as logistic function factor.
When a crack geometry dimension is bigger ti@p its leak rate of one check can use
logistic function to descrip:

)

1
P (B0) =1-Plas) = ) (10)
Because the true valug,,(a, ¢an't be requested, so, on the engineering whadeas
the confidence ag of B, (a,) the once-sided confidence upper liRj(a, , that is
FP, (@) <Py (a)1 =y (12)
It can beproved that,td th dangerou part make use gtth kind examination equipment
to examine once, for the flaw bigger thag , its confidence ag/ the leak check rate

confidence upper limit is

_ _ eXp[yL (ao)]
P, (a,) =1-P_(a,) =1-
L () L (3) 1+exply, (a,)]

_ 1
1+exp@+pina, —tY\/Sa +2S,Ina, +S;In’a,)
In the formula , P_(a, ) showing its check rate lower limit

(12)

o and B estimation area. and B ,and the calculation of variancs, . S; and covariance
S, can refer documelt,

Y, (ay) :1+exp(&+[§Ina0 —tr\/Sa +2S,Ina, +S; In’a,),




t, = Hr ~ . M, can be obtained by défa
1 H
@-—)*-Z-
iy v

i
v = Zni -2 , n; shows the check times of the same scale flashpws one group’s
i=1

flaw numbers checking.
4 Least Independent Check Times Calculation

If through K times independent nondestructive test, the flawk lebheck all rate
Py (8,) can be requested by the following method of bigrvision size a,, namely

1
[1+exp(+BInag)]"
The confidence ays of P, (a,) the once-sided confidence upper link (a, , npmely
1
{1+exply, (a,)]}"
_ 1
[1+exq &+plna, —tY\/Sa +2S,Ina, +S;In’a, J“
In a siminar way, if adoptiong kinds dissimilar flaw detector to the same dangsro
part carrying on independent examination, the ftdnack all rate B, (a, ) of big in provision
size a, is

Pu (@) = (13)

Pu(a) =

(14)

d 1
P =1-P =
8 =R @)= i expe, +p, I ap)I®
The confidence ags of P, (a,) the once-sided confidence upper link (a, , npmely

: 1
P =
(%) ! {1+ exply, (a,)]}

d 1
= _ (16)
I= [1+exp(&’| +Bi In aO _ty\/sai +28a[3i In aO +SBi In2a0 )]Ki
It can be saw from above various formula, by insmeg independent examination times
K or K, the flaw leak check all rate can be reduced almslpto examination object.
For in advance provision of leak check all rd&te the flaw bigger than the size, on

the container, the independent nondestructive tiews K of its leak check all rate not
exceed P can from (16) formula’s conversion, namely
-In(1-P)

~ In{1+exply, (a,)]}

(15)

~In(1- P)

In[1+ exp(&+f3ln a, —tY\/Sa +2S,Ina, +S;In’a,)]

In a siminar way,if adoption kinds of dissimilaaW detector to check, the flaw bigger
than the sizea, on the container, the independent nondestructisetimes K of its leak
check all rate not excee® can from (16) formula’s conversion. At this timatisfy the
condition of K, , K, A , K, there are varieties dissimilar combination, on¢hein can be

toke according to concrete circumstance. If cateaaof value not integral, it can be toke
commendable big of minimum integral as the bestpathdent examination number of times.

(17)




5 The Best Examination Number of TimesAnalysis of theAir Tanks

The flaw leak check all rate as P of tanks in serieslenthen each bottle should be
controlled to leak check all rate Pi, under the circamst that each set add power factor sime
together(each bottle leak check all rate control equglrtance), there is a relation like

bellow in document!® :
1
MM
P=y/M (19)

Substitute the concrete numbers of bottle set cwmrtaand the integral blaw false
dismissal probability level needing to control, thése dismissal probability Pi of singal one
among them can be requested immediately.

Substitute the false dismissal probability Pi afgsil one needing to control requested
from diffrent flaws false dismissal probability doolled and the biggest initial crack under
diffrent life control, independence examination t@mof times need of can immediately get
to assurance the flaw false dismissal probabitiigtiol of bottles(set).

P= : 1 (20)

= 3
=1 {1+ exply,; (40)]}
Tab.1 Test schemefor high and mid-pressuretanks at predetermined period of 5 years () = 95% POD =99%)

P=LCLy =GRyt + L Chy +A + (D Clly (18)

Kind of the combination mode and independent times of nondestructise test
tanks X_ray uT MT

33 tanks 1 1 15

14 tanks / 2 2

3 tanks / 1 1

In fact, along with the increment of the crack gize harmfulness of the increment of its
length to safety increases more and more smalgBoerally, along with the increment of the
flaw size, no matter which of examination methdd,aheckable rate would be raised. But
actually, the length of flaw bigger, usually itseself height also bigger. Therefore, the check
indetermination degree of the flaw's checkable ratel itself size fixed amount check
should be controlled dialectically.
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Fig. 1 Theallowable curvefor 16Mn steel of mid-pressuretank at predetermined period of 5 years

6.Conclusion

1) The dynamic state monitoring method in the iservwpressure within period
examination had be put. Through checking the flaggdr than initial one of
enactment safety life adopting nondestructive tesability way, maintaining or
replacing to correspond spare parts in time, thesvthole structure in appointedly



life spanning the period is safety insurely.

2) Through the best independence examination numbenes ettle with nonstructive
test combination project usage, the nonstructive testyabdn be raised availably,
under the circumstance that not increasing examinatarkload, the false dismissal
probability of crack is able to control in a enoughly lowlfythe safety scope, to
insure with the life control period the bottles circ¢irlg safety.

3) Through the best independence examination numbenes settle with nonstructive
test combination project usage,it can provide science lzaxis power to the
examination craft draw of bottle, examination methodnége improvement, the
safety usage, management,maintain and replace, proviégsicecibasis and
instruction, and a dynamic state monitoring can be atain
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