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This is the first technical article that is being printed in Progress@TPM with an idea to spread the knowledge far and wide across many companies.  Intentionally, the contents have been limited to theoretical aspects so that this can be a global document and not just for a specific case.  Two topics are being discussed here  

i) Understanding Breakdown with respect to stress-strength relationship and

ii) Corrective maintenance to eliminate breakdowns.

i) Understanding breakdown with respect to stress-strength relationship

Breakdowns occur due to 5 reasons - insufficient basic conditions, wrong usage condition, neglected deterioration, wrong design and skill of the person.  This article covers how to eliminate breakdowns, due to insufficient basic conditions, neglected (forced) deterioration and natural deterioration by understanding the stress-strength relationship analysis.  Here stress implies the load acting on a particular machine part and strength implies the breaking load. 

Let us take an example of spring (machine part) undergoing cyclic loading pattern.  When the spring is in position there is a minimum load continuously acting on it.  Consider the value of applied load during different loading conditions and number of occurrences of each as in table 1 and the design strength of spring for no. of occurrence of each as in table 2.

Table 1: Load applied vs. no. of occurrences with respect to different loading conditions

	Loading condition
	Load applied on the spring (kg) (Stress)
	No. of occurrences

	No load

Normal load

Maximum load

Crash load
	150

350

550

900
	5000

10000

5000

1


Table 2: Design strength of spring for number of occurrences.

	Strength (kg)
	No. of Occurrences

	1000

1200

1400
	5000

10000

5000


Based on the above values, Figure A describes the situation usually in the best condition/situation.  As time goes by, if machine parts are not maintained or taken care of deterioration will set in and will lead to a breakdown.
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Figure A:  Best condition for no breakdowns

The different possibilities for breakdown to occur due to deterioration are discussed in the figure B.
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Figure B: Different possibilities for Breakdown to occur.

From the above figure, natural deterioration (due to continuous usage) and forced deterioration (due to abnormalities) will occur if the machine parts are not maintained or taken care of.  These will lead to increase in stress applied on the machine part and/or reduce the strength of the machine part.  Each of the possible variations is discussed below.

Case (A) Strength of the part reduces with stress remaining the same
After a specific period, the deterioration naturally takes place on usage of the machine part.  The strength keeps on decreasing (Fig C).
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Figure C:  indicates strength falling below the stress applied on the machine part

By doing time based replacement, before the strength becomes less than the stress applied, breakdown can be eliminated as the graph will change to as in figure A.

If no replacement is done, further deterioration will take place and the strength goes below the stress applied leading to breakdown.  Figure D indicates the area of breakdown.
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Figure D:  Breakdown occurs due to strength falling below the stress applied on the machine part due to natural deterioration
Case (B) Stress on the part increases with strength remaining same

Due to forced deterioration acting on the machine part (loose, bolt missing, vibration etc), the stress acting on the machine part will increase.  At some point in time the stress becomes more than the strength leading to breakdown (failure) of the machine part.  This type of breakdown can be eliminated through Jishu Hozen (Autonomous Maintenance) activities. This is represented in figure E.
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Figure E:  Breakdown occurs due to increase in stress applied on the machine part with the strength remaining the same

(To be concluded)


























































