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CORRECTIVE
ACTION #3

wire clips to
physically secure wire

CORRECTIVE
ACTION #2

shorter wire to
accumulate less
momenfum

CORRECTIVE
ACTION #1

thicker gauge wire
to provide more
contact area with
motor terminal

CORRECTIVE

ACTION #4

socket & plug instead of

solder joint on circuit board
- which also mak-es

assermbly N\UCH easiev

CORRECTIVE
ACTION #5

visual inspection of motor
solder joints added to
supplier inspection checklist

CORRECTIVE
ACTION #6

surveillance automated
microscopic optical inspection
tor 10 % of incoming motors
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happen




... SO what is

RELIABILITY?




RELIABILITY

.. is the probability that an item will
not FAIL for a designated period
under specitied conditions.
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time to FAILURE (TTF)



.. reliability is a
measure of how often

FAILURE

OCCUTIS



... ano

FAILURE
is the product ot

CAUSALITY



FAILURE

.. is the event where a
system inherently ceases
to pertform a specitied

or required FUNCTION.



FUNCTION

... is a behavior, process
action or task.

... is what the item is

INTENDED to do



maintains flow vate

secuves

envivonment (purnping) b . (one thing to anothey ..) MA‘NTAINABILITU
contains a S I C calculates ctovaae
Custormey (fluids, fuels, ..) (p e r]( ormanc e) (fov contvol systems) g requlations
oY usey
tvansfovms laws safety
(speed, forque ) installation
inferface CUNCTION additional
(fit)
_|_

othev components
in the system

OR

otheyv
systems

AESTHETICS

INPUTS FORM

signal

data
EPSE

CON\FORT
OF USE WFOR

enevgy

voltage fovce

cuvvent



FAILURE

.. is the event where a
system inherently ceases
to pertform a specitied

or required FUNCTION.
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HUN\AN BEHAVIOR(s) OR DECISION(s)

(and not a physical phenorenon)

ROOT CAUSE

.. is the initiating cause of FAILURE

. is the

THING we can change

to mak-e suve ‘that' failuve havdly happens again



.. a lot of
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look like these ...
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ROOT CAUSE

is (in a way) always

YOUR FAULT!
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what DID WE DO WRONG?
- what DO WE NEED TO DO?
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NOT
what is rmy SYSTEM  DOING?

FUNCTION

to convert
6V /100 mA DC to

rotational kinetic energy

(torque & speed TBD)
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why DID THIS HAPPEN?

FUNCTION

to convert
6V /100 mA DC to

rotational kinetic energy

(torque & speed TBD) |
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shaft won't turn

\ shaft fracture

~—



why DID THIS HAPPEN?

2. HOW did it bveak-?
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why DID THIS HAPPEN? misaligned bearings/gears
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what DID WE DO WRONG?
. what DO WE NEED TO DO?



shaft won't turn

. due fo shatt fracture
. fvom tatigue cracking

. Caused by surface impertections

what DID WE DO WRONG?
. what DO WE NEED TO DO?




shaft won't turn

. due fo shatt fracture
. fvom tatigue cracking

. Caused by surface impertections

conduct a PROCESS FMEA 1o
ensuve that theve ave no suvface
cvack-s deeper than 0.05 nm




we call this a
ROOT CAUSE STATEMENT

shaft won't turn

.. due to shaft fracture

. fvom tatigue cracking

. Caused by surface impertections
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.. get the ROOT CAUSE
STATEMENT right and you
WILL tind the ROOT CAUSE
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to do a SHORTCUT
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why DID THIS HAPPEN?
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shatt turns
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why DID THIS HAPPEN?

2. HOW did it bveak-?

shatt turns
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why DID THIS HAPPEN?
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what DID WE DO WRONG?
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shaft turns too slowly

. due to reduced electrical contact conductivity

.. fvomm corrosion
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what DID WE DO WRONG?
. what DO WE NEED TO DO?




shaft turns too slowly
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... but it is SOMETIMES OK
to do an EVEN SHORTER
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why DID THIS HAPPEN?

FUNCTION

to convert
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rotational kinetic energy
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shatt turns
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what DID WE DO WRONG?
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shaft turns too slowly

. due to failed bearing
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what DID WE DO WRONG?
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... 0 how do we 'MEASURE'’
how good our root cause

TAXONOMY" is?



. thvough the
COVERAGE and
QUALITY of our

CORRECTIVE
ACTIONS
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e what is my SYSTEM  DOING?
4 J , ,
>, < y ?
J/}@%‘S 5}@0% y why DID THIS HAPPEN"
R Y. | what BROKE?
: 2. HOW did it break?
s 0 |
~, e 3. what STARTED it?

what DID WE DO WRONG?
. what DO WE NEED TO DO?



NOT . infevmittent

signal
what is y SYSTEM  DOING? ’
FUNCTIONAL FAILURE MODE is

.. pevformance of an - no (stvuctural) the functional consequence of a

unintended suppovt failure mechanism.
ov undesived function

. disengages .leak-age
inade Aua to too fast beyond a limnit
ov poov pevformance of a function . complete S“pS
docs ot fluid loss (does not hold full tovque)
1:2?;&2“ .. failuve to pevform a function _inteymittent

‘within limits’ pevformance of a function



.. oxidized

.. sticking .. defovmed

why DID THIS HAPPEN?

| what BROKE? PHYSICAL FAILURE MODE is

the physical consequence of
a failure mechanism.

.. loose .. cvack-ed

.. fvactuved



,
why DID THIS HAPPEN? L LURE MECHANISM is the

ohysical, chemical, electrical,
thermal or other process
which results in failure.

2. HOW did it bveak-?
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why DID THIS HAPPEN?
a FAULT is the

‘immediate’ cause of

3. what STARTED i? failure



STRESS CONCENTRATORS

_ dlso called ‘stvess vaisevs'

or ‘stvess visevs'

points of a component wheve
stvess is incveased, prinmavily
due to geormetwy.

usudlly the failuve site fov
fvactuve (both ovevstvess and
fatigue)



(avea defect)

DEFECTS

.. VACANCY
(point defect)

.. dislocation
(line defect)

.. substitutional
ATOM (point defect)



what DID WE DO WRONG? ROOT CAUSE



CORRECTIVE ACTION (CA)

or tix is an action that involves a change to a system

design, operation, maintenance procedures, or the

manutfacturing process of the item for the purpose of
improving its reliability.

- what DO WE NEED TO DO?



- the RELIABILITY
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