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Mid-term Exam   INSY 7380-6    M2010      due on 06/29/2010    S.  Maghsoodloo
	1(30 Points).    A company manufactures devices whose failure rates are constant at  = 0.0005/hr.  (a)  Prove that the exponential pdf is the only underlying distribution in the universe that has a constant failure rate.  (b) Suppose the service life of the device is t = 500 hours.  Compute the unconditional reliability of the device at 500 hours to 7 decimals.  (c) The company decides to use Ebeling’s bathtub function, near the bottom of his page 31, to improve the outgoing reliability with a burn-in duration of T0 = 100 hours.  Given that Ebeling’s c0 = 0.001/hr and t0 = , obtain Ebeling’s hazard function h(t), H(t),  and  his RE function as given at the bottom of p. 31.  Compute the fraction of the devices that survive the burn-in period.  Then use the 2nd expression of Ebeling’s formula (at the bottom of p. 31) to compute the R(t) at 500 hours to 7 decimals.  Has his burn-in improved the device reliability?  (d)  If not, how might you refine his formula to account for the improvement in the survivor-function at 500 hours? 
If you decide that Ebeling’s formula needs minor refinement, recomputed the RE in (c ) to 7 decimals.  
          2(30 Points).   (a)  Consider an (m =3, n =2) High and Low-level parallel redundant system of 32 = 6 identical components each with a failure rate 0.0002/hour.  Compute R(500) and MTTF for both configuration.  (b) Repeat part (a)  for an (m=2, n=3) High and Low-level parallel redundant system.  As a designer, determine which configuration of the 4 would you construct?   Give at least 7-decimal accuracy in all computations.
         3(30 Points).   A 4-engine aircraft is on a 16-hour flight.  Each engine has a Weibull failure distribution with minimum life t0 =  = 5 hours, characteristic life  = 200 hrs, and shape β = 2.0.  The two left-wing engines are A & B, while the two right wing engines are C & D.  In case of emergency, the minimal Tie-sets are AC, AD, BC and BD.  (a) Draw the RE-Block-Diagram, given that the engine A is the keystone (or central) unit.  (b)  Specifically use only the decomposition method, using A as the central unit, to compute the system RE for the duration of t = 16 hours to exactly 10 decimal accuracy.

          4(30 Points).   (a)  Draw the TRD for a mixed-system with 2 identical units (A and B) in hot-parallel redundancy each with failure rate  , while unit C is in cold-standby with failure rate 3.  Assume that the  of the standby unit is practically zero and that only one operational unit is needed for system reliability.   The repair is done one-unit-at-time at identical rates r for all 3 units.  (b)  Obtain the steady-state solution vector , given that  = 0.005 and r = 0.025.  Use this last vector  to compute the average system availability,, and its unavailability (or outage-rate) U.  Use the value of U to compute the MRT (mean recurrence time) from the failed state to  the failed state.   (c) Compute the MTBF given that the system may start in X = 0 failed units, 1 failed, 2 or failed.
	       5(30 Points).    Suppose stress acting on a device has the U(100, 200 MPa) distribution 
and its strength is Weibull with minimum strength  = 180 MPa, characteristic strength  = 600 
MPa and shape  = 2.00.  Compute the device RE to exactly 8 decimal accuracy.  (b) Compute 

the central factor of safety to 5 decimals and use it to approximate  the mean factor of safety .
In part (a) you have the option to work the case for which X ~ U(100, 200), while Y ~ 
N(200 MPa, 100) in lieu of the given Weibull strength.  If you work both cases, it will be worth 
5 bonus points.

(7-Point Bonus Problem).    Work Exercise 7.10 on page 164 of Ebeling (2nd).
His answer is 0.4733, which I have not yet replicated.
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