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Fishbone diagram

 This technique allow a team to focus
graphically on a solution.

« Causes are separated into 4 or 6 different
categories.

— 4 categories are Machinery/Equipment, People,
methods, Materials

— Depending on the the issue 2 additional that can
be included are Environment and measurements
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Data Collection

 Three initial techniques are generally used
to gather data for future placement on the
chart.

— Process tour/documentation
— Brainstorming Pre-meeting (email collection)
— From process data

 This is followed by a brainstorming session
placing items on the specific branches.
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Data Collection

» The brainstorming indicates the branch that
the data pertains to (materials, people ...)
and sub-ideas are as branches off of the
main branch.

— Brainstorming
* Round Robin
 VVocal Call Out

e This continues until no new i1deas or 1deas
become trivial.

March 2010



Data Collection

« Minitab has a very good program for presenting
the data and can be performed live in front of the
group allowing for the document to be
communicated/distributed immediately.

« More difficult is using Excel and requires a
template ahead of time, with difficult sub-idea
display. Shaded examples are from Minitab while
unshaded are Excel.
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Data Collection

 Voting/multivoting techniques are used to select
the likely problem causes.

 |n excel/minitab a merging/prioritization using the
RPN type analysis from FMEA/FMECA can be
applied.

« Those calculations usually indicate

Probability x Severity x detection = RPN and
some also include probability of success resolving
the issue.

Results of this is seen in the numbers preceding
the item on the Minitab version.
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Probability of Fallure

Probability of Failure Possible Failure Rates Ranking
Very High: Failure is almost inevitable =>=1in 2 10
1in 3 4
High: Repeated failures 1in 8 &
1in 20 !
Moderate: Occasional failures 1in 80 b
1in 400 5
1in 2,000 4
Low: Relatively few failures 1in 15,000 3
1in 150,000 2
Remote: Failure is unlikely. ==1in 1,500,000 1

http://www.fmea-fmeca.com/images/saej1739-occurrence.jpg
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Severity of Failure

Effect Criteria: Severity of the Effect Ranking|

Hazardous - without wamning |Very high severity ranking when a potential failure mode
affects safe vehicle operation and/or involves 10
noncompliance with government regulation without
waring.

Hazardous - with warning Very high severty ranking when a potential failure mode
affects safe vehicle operation and/or involves 9
noncompliance with government regulation with waming

Very High Vehicle /item inoperable, with loss of primary function 8

High Vehicle /item operable, but at reduced level of 7
performance. Customer dissatisfied.

Moderate Vehicle / item operable, but Comfort/Convenience
item(s) inoperable. Customer experiences discomfort 6

Low Vehicle /item operable, but Comfort/Convenience
item(s) operable at reduced level of performance 5
Customer experiences some dissatisfaction.

Very Low Fit & Finish/Squeak & Rattle tem does not conform 4
Defect noticed by most customers.

Minor Fit & Finish/Squeak & Rattle tem does not conform 3
Defect noticed by average customer

Very Minor Fit & Finish/Squeak & Rattle tem does not conform. 2
Defect noticed by discriminating customer

None No Effect 1

http://www.fmea-fmeca.com/images/saej1739-severities.jpg
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Detection of Fallure

Detection Criteria: Likelihood of Detection by Design Control | Ranking

Absolute Uncertainty Design Control will not and/or can not detect a potential cause/mechanism and subsequent 10
faiure mode; or there is no Design Control

Very Remote Very remote chance the Design Control will detect a potential cause/mechanism and 9
subsequent failure mode

Remote Remote chance the Design Control will detect a potential cause/mechanism and 8
subsequent failure mode

Very Low Very low chance the Design Control will detect a potential cause/mechanism and ;
subsequent failure mode

Low Low chance the Design Control will detect a potential cause/mechanism and subsequent
falure mode _

Moderate Moderate chance the Design Control will detect a potental cause/mechanism and 5
subsequent failure mode.

Moderately High Moderately high chance the Design Control will detect a potential cause/mechanism and 4
subsequent failure mode

High High chance the Design Control will detect a potential cause/mechanism and subsequent 3
fadure mode

Very High Very high chance the Design Control will detect a potental cause/mechanism and 2
subsequent failure mode

Almost Certain Design Control will almost certainly detect a potential cause/mechanism and subsequent

falure mode
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Probability of Resolving Issue
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FMEA/FMECA resource
standards

e SAE J1739,
e AIAG FMEA-3
e and MIL-STD-1629A
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Excel version
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1
2 Measurements Material Personnel
3
4 16 RO printing paint formulations
5 36 winder =splices on winder causing wariation
& 45 pre-glue RO only glue properties werification
ri 48 RO printing aging of paint buckets
] BE incoming incoming material contamination light filkering
b ] 24 pre-glue RO only glue quality
10 30 RO printing printing raw material variation/contamination
11 105 winder cure rate not consistent especially koo slow
12 112 triplexer splices [front, center and back vane] 48 humidity box handling into humidity box
13 7 inspection inspection creating defects 112 slitting contamination 24 winder Uneven remowal of balt from winder
14 128 incoming incoming material contamination room darkening 120 RO printing experience
15 32 humidity bow timetermphumidy cerldcalfwerifiy 210 pre-glue RO only glue viscosity control 160 final inspection improper recording of information
16 48 triplexer testingdwerification of q wheel For front and back. B2 winder consistency inincoming Fabric dimensions 175 triplexer experience
17 T0 pre-glue RO only pick-off issues 2458 triplexer operator atkentionfzontrol
18 128 Hat inspection wisual assessment when Flat errors 280 triplexer Foam control 294 pre-glue RO only operator attentiondcontrol
18 BE winder operator ability to see defect 288 tripleser G wheel build up 441 RO printing operator attentionfcontrol
20 392 winder calibration/PR 294 =litting particulate generation 448 winder operator attentiondcontrol
21 4432 winder glue flow system cleanlines=s DELAMINATION
22
23
24 3 handling storage condition 32 final inspection Unload at hanging of Fabric For inspection 14 winder ultrasonic cutting of strip
25 E incoming material storage temperaturethumidity 36 humidity box wind-up prior to humidity box influence 48 winder automatic control for bonds?
26 14 RO printing time in humidity and temperature 42 RO printing contamination from printing process BE pre-glue RO only machine speed
27 24 storage storage conditions after litting LF & RO printing instructions 75 RO printing owerspray of paint
28 32 storage storage conditions after slicting RO EO triplexer instructions 30 RO printing wariations due to startfstop
29 32 handling handling prior ko storage 75 final inspection does computer grid match? 40 winder winder conszistency in adhesiondpres=sure laydown
30 32 storage storage for winder 103 triplerer wariations in set-ups for differing Fabricsdchemicals. 180 RO printing within machine
n 32 RO printing cooler storage 180 final inspection damage re-rolling of the Fabric 210 triplexer within machine
32 2 pre-glue RO only aging of glued items= 320 old data older lots contaminating new lot damage 245 pre-glue RO only glue machine maintenance
33 45 incoming material storage dirk 324 final inspection small defects not discernable enlarge later 280 triplexer wariations due to startfstop
34 48 RO printing =storage of materials pre-printing 343 pre-glue RO only glue machine set-up 294 winder winder control circuitryfresponse to deviation
35 162 RO printing storage post-printing outside of cooler 384 traceability lack of rraceability o ariginal grid sheer. 315 triplerer G wheel maintenance
36 442 RO printing amount of time in cooler 4386 final inspection inability ko front and back efficiently. 320 triplexer @ wheel consistency
37 BET winder glue tip maintenance 392 pre-glue RO only cleanliness of glue Flow system
38 441 triplexer machine to machine
38 Environment Methods Machines
40
41
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Initial 34 Issues

Sheer Horizontal Process analysis

Measure Material

ments

210 winder winder glue consistency in

210 pre-glue RD only glue viscosity

256 winder operator ability to iy przels el [rdemess of

see defect 252 winder consistency in incorming Fabric

270 pre-glue RD only pick-off issues
230 triplexer Foam control
392 winder calibration/PH 288 triplexer Q wheel build up

294 slitkting particulate generation

448 winder aglue flow syskem cleanliness

Personnel

175 triplexer experience

245 triplexer operator
atkentionfcantral

294 pre-glue RD only operator
atkention/conkral

441 RD printing operakor
attentioncontrol

448 winder operator
atkentionconkraol

567 winder glue tip mainkenance

436 final inspection inability to dosely see
all of Fabric on large bolk Fronk

354 traceability lack of traceability to
ariginal grid sheet,

343 pre-glue RD only glue machine set-up

448 RD prinking amounk of time
in cooler

324 final inspection small defects not
discernable during inspection that progr

320 old data older loks contaminating new
lot damage

150 final inspection damage re-roling of
the Fabric

Methods

168 RD printing skorage of
riakerials posk-prinking outside of
cooler

Environm
ent

== [elamination

441 triplexer machine to machine
392 pre-glue RD only cleanliness of
320 triplexer Q wheel consistency
315 triplexer O wheel maintenance
294 winder winder control

280 triplexer wariations due ko

245 pre-glue RD only glue machine

210 triplesxer within machine

150 RD printing within machine

Machines



Reduced to 22 potential causes (eliminate causes Factor<253)

Sheer Horizontal Process analysis

Measurements Material Personnel

270 pre-glue RO anly
pick-off issues

294 pre-glue RD only operator

atkention contraol

256 winder operator ability to 280 triplexer foam conkrol

see defect

238 triplexer Q wheel build up 441 RD printing operator

atkentioncontral

392 winder calibration/PH 294 slitkting particulate

L=l el 445 winder operator

448 winder glue flow syskem e e ol

cleanliness

== [Delamination

567 winder glue tip

’ 441 triplexer machine to machine
mainktenance

486 final inspection inahility ko
closely see all of Fabric an

354 traceability lack of
kraceability ko ariginal arid

392 pre-glue RD only cleanliness
aof glue Flow system

443 RD printing amount of 320 kriplexer Q wheel consistency

time in coler 343 pre-glue RD only glue

machine set-up
315 triplexer O wheel maintenance
324 final inspection small

defects not discernable during

320 old data older loks
contaminating new lok damage

294 winder winder conkral
circuitryfresponse ko deviakion

Environment Methods Machines
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