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ON THE ACCELERATED LIFE TESTS OF PRESSURE GAUGES

PART I – THEORETICAL CONSIDERATIONS
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Abstract: Information concerning the reliability of products one may obtain by observing their behavior during the real working process and also with help of laboratory tests, on adequate stall.During  life tests one imposes the guarantee of real working conditions both on internal stress and on the environment conditions. Supposing that the system is tested after the running in period, meaning during the working life time, when the reliability function is exponential (( = const.), two aspects concern: () the estimation of the ( parameter or of mean time to failure, ( = (-1, with help of the experimental results; the tests performed in this purpose are the so-called determinative reliability tests; (()to establish the test which must be performed in order to compare an unknown value ( of the mean time to failure with a given value To*; this tests are called reliability checking tests.  
Keywords: Reliability, Test,Failure, Pressure.
1. CLASSIFICATION OF RELIABILITY TESTS
The main criteria for the classification of the reliability tests, are (figure 1):

· the scope;

· the test method;

· the working regime;

· the volume of products;

· the nature of products;
· the products structure.

2. ACCELERATED LIFE TESTS
The accelerated life tests of the elements, materials, ensembles, are used in order to obtain quickly information concerning the life time, the failure probability density function, the failure rate, the mean time to failure, the reliability function. The normal life cycle of the item concerned should be compressed into a much shorter time. It takes two main forms:

· tests done under normal use conditions, except that what would in practice be intermittent use becomes either continuous use or something approaching it;

· tests where the normal conditions of working are intensified.
In order to apply accelerated tests methods, one should follow some recommendations, such as:

· the units subjected to accelerated tests must be identical to those utilized at use stress level;

· all other stresses, except the stress of acceleration, should be kept constant;

· the accelerated test results should not be extrapolated to stress levels beyond the range of applicability of the used model;

· it should be ascertained that the accelerated test model used is applicable to the types of  units being tested, and stresses applied.
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Figure 1: Reliability tests classification.

3. ACCELERATED TEST MODELS

3.1. The Arrhenius model

This model is used when temperature is the accelerated stress. The mathematical expression of the Arrhenius model is:
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where: V = rate of process to failure; T* = absolute temperature [(K]; A = non-thermal constant factor, 
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where: EA = activation energy [eV]; K = Boltzman’s constant (8.623(10-5 eV/(K).

Assuming that life is inversely proportional to the rate of the process to failure, Eq. (1) can be rewritten as:
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(2)
where: LT = the equipment’s life; C = constant estimated from the life data.

The life at use temperature is given by:
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(3)
and the life at accelerated temperature is:
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(4)
Dividing Eq. (3) by Eq. (4) yields:
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(5)
The failure rate equation is obtained by recognizing that the failure rate is directly proportional to the rate of process to failure:
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(6)
The acceleration factor is given by:
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(7)
3.2. The inverse power law model

This model is adequate when the life of a system is an inverse power function of a nonthermal accelerating stress. The life distribution f(T; V) of the Inverse Power Law is the Weibull one, with a stress – dependent scale parameter, ((V), and a shape parameter (, which is constant:
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(8)
where V is a nonthermal accelerating stress.

The reliability function is:
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(9)
and the failure rate is given by the following expression:
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(10)
or
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(11)
When ( = 0, the scale parameter has the expression:
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(12)
where K and n are positive parameters. Eq.(12) represents the Inverse Power Law Model.

The scale parameter at accelerated stress is:
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(13)
and at use stress it is:
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(14)
Substituting Eq. (13) and (14) into Eq. (11), one obtain the failure rate at accelerated stress, and at use stress:
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(15)
respectively:
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(16)
The Weibull parameters at accelerated stress can be found using estimation methods, such as matching moments, maximum likelihood, probability plotting or least squares.
4. CASE STUDY REGARDING THE ESTIMATION OF THE METROLOGICAL RELIABILITY ON BASIS OF ACCELERATED LIFE TESTS
The accelerated life tests of the manometers are achieved with help of a hydraulic installation which was presented in the previous paper. This installation allows simultaneous testing by threes manometers, which have the measurement field 0 ( 25 bar and belong to 1,6 precision class. The frequencies of the accelerated pulsatory test are adopted depending on the number of rotations of the milling machine’s axle. Based on the pulsatory conditions, the life at accelerated stress is calculated:
(A1 = 106 oscillation/min. ( LA1 = 157 working hours;

(A2 = 180 oscillation/min. ( LA2 = 93 working hours;

(A3 = 240 oscillation/min. ( LA3 = 70 working hours.

The life at use stress was established LU = 1350 working hours.

The experimental data are graphic represented. One obtain a number of n points; one draw the closest curve to the experimental points. One estimates the shape of the adequate function of the tracing curve and then one choose the equation which fits to the empiric curve. One calculates the values of the curve’s parameters based on the Gauss – Legendre principle. One estimates the concordance degree between the experimental points and the empiric curve. Depending on the values of the concordance indicators one establish the adequate model.
EXPERIMENTAL DATA

	(A = x
	0
	106
	180
	240

	LA = y
	1350
	157
	93
	70


Model 1: 
Harris Model: y=1/(a+bx^c)




(17)
Coefficient Data: a = 0.00074065472; b = 7.4815122e-005; c = 0.93834714 Correlation Coefficient: ( = 0.9999676
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Figure 2: Graphic representation of Eq. (17).

Model 2:
Bleasdale Model: y=(a+bx)^(-1/c)



(18)
Coefficient Data: a = 0.001849971; b = 9.7481237e-005; c = 0.87301862 Correlation Coefficient: ( = 0.9999960
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Figure 3: Graphic representation of Eq. (18).

5. CONCLUSIONS

The reliability tests can be divided into reliability demonstration and acceptance tests and reliability measurements. The purpose of the first one is to show that the reliability of certain items is at least equal to, or probably better than a preset value.

The reliability measurements have the purpose to estimate some reliability parameters (the failure rate, MTBF or the constants of a Weibull distribution).

In addition to reliability proper, tests can be devised to check almost any aspect, such as: maintainability, operability, product quality etc.
Accelerated testing is achieved by subjecting the test units to application and operation stress levels that are more severe than normal or use stress levels, in order to shorten their lives or their times to failure. Such tests provide a saving in time and expense since for many products, components and materials, life under use conditions is so great that testing under those conditions is not time-wise and economically feasible.
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