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	x2
	
	 

	MTTF Tables
	
	x3
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	x2
	
	 

	Schematic of Functional Blocks (Appendix A)
	
	x2
	
	 

	FMECA Worksheet (Appendix B)
	
	x3
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	Spelling and Grammar
	
	x2
	
	 

	Formatting and Citations
	
	x1
	
	 

	Figures and Graphs
	
	x2
	
	 

	Technical Writing Style
	
	x3
	
	 

	Total Score
	 
	 



5: Excellent 	4: Good     3: Acceptable    2: Poor     1: Very Poor    0: Not attempted

Comments:


1.0 
Reliability Analysis
Components in this design selected to be most likely to fail are the R-78E3.3-0.5 DC to DC converter, STM32F091 Microcontroller, FMMTA06TA BJT, and the 16 bus Servo Driver. The R-78E3.3-0.5 DC to DC converter was selected because it runs hot and must be able to switch very rapidly to produce the 3.3V power supply with a 7.5 V input. The BJT was selected since transistors are known to age and wear out. The microcontroller was selected since it is a high complexity component and should be considered in such an analysis.

STM32F091: 
I used the model of digital CMOS IC microprocessor model for this microcontroller. 𝝀𝑷 = (C1 · πt + C2· πe) · πl · πq [1]. The MTTF and 𝝀𝑷 are in the expected range. A failure of this microcontroller would not directly cause harm to the users.

	Parameter name
	Description

	Value
	Comments  

	C1 
	Die complexity
	[bookmark: _heading=h.2b50ly3jkbgj]0.56
	32-bit CMOS

	πT
	Temperature factor
	[bookmark: _heading=h.f9c1qilkrgo]0.98
	CMOS, Tj = 25 C

	C2
	Package failure rate
	[bookmark: _heading=h.cgs99km4etw9]0.0398
	52-pin

	πE
	Environmental factor
	[bookmark: _heading=h.mfey4zsg9nc7]5.0
	Gm

	πQ
	Quality Factor
	[bookmark: _heading=h.b64iko3a4d95]2.0
	Class B-1

	πl
	Learning factor
	1.0
	>= 2years

	
	
	
	

	Entire design: 
	
	
	

	λp
	
	1.1374
	

	MTTF
	
	0.879
	


 
FMMTA06TA BJT: 
I used the model of digital CMOS IC microprocessor model for this microcontroller. 𝝀p = πb*πt*πr*πs* πq*πe [1]. The MTTF and 𝝀𝑷 are in the expected range. A failure of this component would not directly cause harm to the users.

	[bookmark: _heading=h.6nv78ju322ks]Parameter name
	Description
[bookmark: _heading=h.yx7x09mzlod2]
	[bookmark: _heading=h.qp0e1bxlf6ur]Value
	[bookmark: _heading=h.y2tsn79ttiq]Comments  regarding choice of parameter value, especially if you had to make assumptions.

	[bookmark: _heading=h.czgpd11s6j3r]λb
	[bookmark: _heading=h.adc24vqtxsd5]Base Rate Failure
	[bookmark: _heading=h.yols5s3lzhu8]0.18
	[bookmark: _heading=h.rrddz2hthk7l]Bipolar

	[bookmark: _heading=h.9rmppai2h69y]πT
	[bookmark: _heading=h.n6nikt3lwcuk]Temperature Factor
	[bookmark: _heading=h.4lhnw1c3db96]0.98
	[bookmark: _heading=h.41fxxceb3og8]Tj = 25 C

	[bookmark: _heading=h.dretgjm6gymv]πr
	[bookmark: _heading=h.3dxq6cbehb0s]Power Rating Factor
	[bookmark: _heading=h.g9ivg02y1ifs]0.55
	[bookmark: _heading=h.p90v3vcxq8xi]Pr = 0.2W

	[bookmark: _heading=h.qbo2q2ujjp8c]πQ
	[bookmark: _heading=h.m34lie2nbmh0]Quality Factor
	[bookmark: _heading=h.6jhwhgiv2uiy]5.0
	[bookmark: _heading=h.htw53ei91c5l]Lower

	[bookmark: _heading=h.bz8kuqwlzf95]πE
	[bookmark: _heading=h.vajr1lxsu3h2]Environmental Factor
	[bookmark: _heading=h.s004573e7y9r]5.0
	[bookmark: _heading=h.3zs7h79wt2ts]Gm

	[bookmark: _heading=h.g7hbpec22c5x]πs
	[bookmark: _heading=h.hl5zoyo94w6]Voltage Stress Factor
	[bookmark: _heading=h.c19elhy05a9s]1.0
	[bookmark: _heading=h.r9znhlq42jhf]Vs = VCE/VCEO = 1

	[bookmark: _heading=h.85zhp2ibn5iy]Entire design: 
	[bookmark: _heading=h.atw2y0nxi8af]
	[bookmark: _heading=h.lwlrc0x04lwk]
	[bookmark: _heading=h.fth1cmamxc9]

	[bookmark: _heading=h.n1xtduizxbe]λp
	[bookmark: _heading=h.wkcgauojqbkw]
	[bookmark: _heading=h.gu2qygonxi56]2.4255
	[bookmark: _heading=h.5xbemg6mvhxv]

	[bookmark: _heading=h.helj7l1t61mu]MTTF
	[bookmark: _heading=h.oo3fzhw1n916]
	[bookmark: _heading=h.7sp5frq9hfo]0.412
	[bookmark: _heading=h.chn258v2v76h]


Switching Regulator: 
The failure per 10^6 hours is calculated by 𝝀p = πb*πt*πs*πc* πq*πe [1]. The model of Voltage regulator is used. The MTTF and 𝜆𝑃 is in the expected range. A failure of this regulator would not directly cause harm to the users.

	[bookmark: _heading=h.23sf538963tc]Parameter name
	Description
[bookmark: _heading=h.o2xdlw5nbse7]
	[bookmark: _heading=h.n6t3gz21jlra]Value
	[bookmark: _heading=h.996dggprihph]Comments  regarding choice of parameter value, especially if you had to make assumptions.

	[bookmark: _heading=h.4cymei3os4g2]λb
	[bookmark: _heading=h.lyizfrgvjtmr]Base Rate Failure
	[bookmark: _heading=h.7tuui1b8l0i3]0.002
	[bookmark: _heading=h.izkgk2ix72gg]Voltage Regulator

	[bookmark: _heading=h.wpd0pmpgnh8y]πT
	[bookmark: _heading=h.mj5q41r8kvau]Temperature Factor
	[bookmark: _heading=h.vn3wl5z13emd]0.98
	[bookmark: _heading=h.cv8o6gml1i72]Tj = 25 C

	[bookmark: _heading=h.ymeuflbgyl3j]πs
	[bookmark: _heading=h.vnr54m7xa9ha]Stress Factor
	[bookmark: _heading=h.ytwkpj2115sg]1.0
	[bookmark: _heading=h.24bykll17480]Vs = 1.0

	[bookmark: _heading=h.zepmjkceif9b]πc
	[bookmark: _heading=h.b6ewbgm5s0h]Contact Construction
	[bookmark: _heading=h.mlrujnef2pu1]1.0
	[bookmark: _heading=h.3qtlmetrlbnp]Metallurgically bonded

	[bookmark: _heading=h.7vroh6qr4o0u]πe
	[bookmark: _heading=h.ffgnjis3viit]Environmental Factor
	[bookmark: _heading=h.cz294ch7tpvd]2.0
	[bookmark: _heading=h.bln6marstc71]Gm

	[bookmark: _heading=h.vwcbvtk9sfxs]πq
	[bookmark: _heading=h.pa9grrqghcpf]Quality Factor
	[bookmark: _heading=h.h0bfbipb9yi]8.0
	[bookmark: _heading=h.e3txpayvvkxl]plastic

	[bookmark: _heading=h.f0ms8uuxv8lm]Entire design: 
	[bookmark: _heading=h.k1caypwlg0qs]
	[bookmark: _heading=h.c331m22vh6na]
	[bookmark: _heading=h.sc1mpvogqqog]

	[bookmark: _heading=h.9npk5nxc2qan]λp
	[bookmark: _heading=h.dyfbacndd1qh]
	[bookmark: _heading=h.v6diwspg4t8t]0.0316
	[bookmark: _heading=h.p3exth8x9m5c]

	[bookmark: _heading=h.nygdpqegtp2b]MTTF
	[bookmark: _heading=h.5wkxeyosgaxo]
	[bookmark: _heading=h.fklmh0v3drjt]31.88776
	[bookmark: _heading=h.heb0k0umckio]


[bookmark: _heading=h.22wmmjvlc9mc]

2.0 Failure Mode, Effects, and Criticality Analysis (FMECA)  
	I labeled the following failure modes as low, medium, and high to indicate the level of severity of each failure. Low means that the system will shut down but the user is not harmed in any way. Medium means that there is a small probability of injury to the user. High means that the user could be severely injured by fire or toxic gas. As for observing these issues, it is mostly listed as “observation” since the failure will be blantant when the system is shut down or continually resetting. All it would take to notice all of these is a quick check of the robot arms position or the buzzer indicator on the board. 
 
3.0 Sources Cited:
[1] “Military Handbook Reliability Prediction of Electronic Equipment” Department of Defense. Washington DC. MIL-HDBK-217F, Dec. 2, 1991.
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Appendix A:  Schematic Functional Blocks 
 

[image: ][image: ]
			Figure 1						Figure 2

[image: ][image: ][image: ]
		Figure 3				Figure 4					Figure 5




Appendix B:  FMECA Worksheet

	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	[bookmark: _heading=h.mgqyk4wnlds8]1
	[bookmark: _heading=h.m70nhivj48o4]Voltage regulator falls short
	[bookmark: _heading=h.ncz5u3gl6lir]Overheat, damage to IC
	[bookmark: _heading=h.1f12ruviwh04]Damage of all IC and micro
	[bookmark: _heading=h.ue8dwj6sw6e6]Observation
	[bookmark: _heading=h.4023pxff798n]Med
	[bookmark: _heading=h.2e6sdr6vowaw]

	[bookmark: _heading=h.d7h2doj58srm]2
	[bookmark: _heading=h.wheya4ovz79u]Voltage Drop
	[bookmark: _heading=h.vkwxopg627ff]capacitor failure 
	[bookmark: _heading=h.aqteaalo1uhf]Error in computations
	[bookmark: _heading=h.ae0uj2oy15q6]Observe Robot angles
	[bookmark: _heading=h.4v2m3hf3wm1o]Low
	[bookmark: _heading=h.k3dvcyr3gr09]

	[bookmark: _heading=h.qu15ltvdu2ff]3
	[bookmark: _heading=h.fsskf58ed6ru]Voltage regulator output too high
	[bookmark: _heading=h.g3qf4acvounr]Damaged IC
	[bookmark: _heading=h.1ukcmez9rvfa]Damage all IC and micro
	[bookmark: _heading=h.otet2ebyu6gj]Observe (smoke)
	[bookmark: _heading=h.v4b0k0q867h9]Low
	[bookmark: _heading=h.yivj1hhvebds]

	[bookmark: _heading=h.2phfmgv6xqwu]4
	[bookmark: _heading=h.2q3zkj1l5vg]Buzzer output not audible 
	[bookmark: _heading=h.9w94djrvuf0t]Input voltage incorrect, BJT issues
	[bookmark: _heading=h.l4p3w6nm1mll]User is unaware that server discon.
	[bookmark: _heading=h.vuiuxbczyzpm]Observation
	[bookmark: _heading=h.u7r1701fbypf]Low
	[bookmark: _heading=h.223divtnq4c]

	[bookmark: _heading=h.tt2neoek0ywm]5
	[bookmark: _heading=h.4dgtciw6cpyz]Reset Signal is always high
	[bookmark: _heading=h.s2bf29pjp1f5]Damaged pushbutton
	[bookmark: _heading=h.sbq0ycx3nr35]Can’t restart the system
	[bookmark: _heading=h.sxz7hq17ej]Observation
	[bookmark: _heading=h.mldps312fnlg]Low
	[bookmark: _heading=h.6xwfo38dqecm]

	[bookmark: _heading=h.8wrou5q3vuol]6
	[bookmark: _heading=h.5p276ujtnvth]Reset signal is always low
	[bookmark: _heading=h.a499sscbnqps]Shorted capacitor 
	[bookmark: _heading=h.khfx3p4aeuyd]System keeps resetting
	[bookmark: _heading=h.mqlr5li1hoy5]Observation
	[bookmark: _heading=h.76a0zfa5olhx]Low
	[bookmark: _heading=h.84w5a75a7zxy]

	[bookmark: _heading=h.b322cg85vkrw]7
	[bookmark: _heading=h.2tao6ljwaae]Can’t receive data from the program header
	[bookmark: _heading=h.5ks03kbfcpxt]Damaged cable or RJ11 connector
	[bookmark: _heading=h.apl160k8naqu]Can’t program the micro
	[bookmark: _heading=h.n5psb78tvbca]Observation
	[bookmark: _heading=h.wo0r477lrhw1]Med
	[bookmark: _heading=h.10eaq7yzqzwx]

	[bookmark: _heading=h.psq8hdbrfc8i]8
	[bookmark: _heading=h.6itb3a35cap]The micro stops executing instructions
	[bookmark: _heading=h.mizxzslo8hkg]Software, resistor issues, input voltage incorrect
	[bookmark: _heading=h.b11uvujljsg8]Entire system is frozen
	[bookmark: _heading=h.s6gjrvn73cte]Observation
	[bookmark: _heading=h.kaowavrm6vw1]Low
	[bookmark: _heading=h.nikuuqg1copy]


[bookmark: _heading=h.z4s5n4wdwx46]
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