
	Problem Statement
	An automated inspection system is utilized to perform automated quality control of a critical medical device. The automated conveyor system is controlled by Programmable Logical Controllers (PLCs), which control the conveyor, safety mechanism, the inspection system, and the sorting device. The high end diagram of the automated inspection system is presented in Figure 1.




Figure 1. Automated Inspection System

	The PLC subsystem requires at least one PLC to control each of the other sub-systems: the conveyor, safety, inspection, and sorting. Historical data of the failure times has been recorded and the failure distribution follows an exponential distribution. Each PLC has exactly the same failure distribution with a MTTF = 10,000 hours. 
	The mechanical conveyor sub-system consists of a motor that controls the conveyor, the electrical mechanism (embedded distributed I/O modules ) required to communicate with PLC and actuators, and the loading/unloading mechanism. The motor is a time dependent failure system according to a Weibull distribution with a characteristic life = 4500 hours and a shape parameter = 6.5. The electrical mechanism has a time dependent reliability function according to the lognormal distribution with parameters s = 1.5 and tmed = 250 weeks. The loading/unloading mechanism has a time dependent reliability function according to the gamma distribution with parameters  = 6 and  = 3500 hours. 
	The safety system consists of a break and an emergency push button mechanism, both having a reliability function according to a normal distribution with mean and standard deviations of (180, 25) and (200, 30) days respectively. 
	The inspection system consists of a series of three independent sensors; ultrasound proximity sensor, a metal detector system, and a toxicity sensor. Each sensor has a constant failure and MTTF of 15,000, 18,000, and 24,000 hours. Finally the sorting system could be considered as a compact unit with a time dependent failure mode according to the minimum extreme value distribution with  = 2.5 and  = 15 months.
	Deliverables:
	You will provide a one Excel file labeling each answer in a worksheet. Clearly show the templates, formulas, and step by step used to solve each task. Label each answer and intermediate steps clearly as you do in the assignments and exams. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]	Task 1 (10 points):
[bookmark: OLE_LINK5]	For each individual component define the reliability function (equation and graph as a function of time), hazard rate function, and calculate MTTF, median, mode, and the design life for a reliability of 0.90, 0.95, and 0.99. You are allowed to use the templates that we build and/or the ones provided with the book.
	Task 2 (20 points):
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]	Assuming that all components for each subsystem are in series, and only one component is used, calculate the reliability and MTTF for each subsystems and entrire system for t = 1, 3, and 6 months the following.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _GoBack]	Task 3 and 4 (20 points each) 
	Repeat task 2 for high-level (task 3) and low level (task 4) redundancy. You must provide the reliability block diagrams
	Task 5 (30 points)
	Design a complex structure in order to achieve in  t = 6 months (use the correct time units) an overall system’s reliability = 0.95, however each subsystem must achieve at least the following reliabilities: PLCs >= 0.99, conveyor >=0.90, safety >= 0.99, inspection >=0.95, sorting >= 0.90
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