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Introduction

Welcome to the FMEA Worksheet

This spreadsheet can be used to

1. Identify potential failure modes and their impact on product reliability.
2. Rank the potential defects to establish priority - The highest RPN value items deserve the most attention.
3. Capture owners, action plans, and status on high RPN items.

Note, FMEA's are living documents and this may be updated periodically.

Organization of Spreadsheet:

Descriptions - explains the spreadsheet cells

FMEA - the actual sheet used to enter data

Severity/Likelihood/Detectability - guidelines for the 1-10 rankins in these categories
Example - a partial exmample of an FMEA document

Sheet Protection:

Some sheets are protected. There is no password. Released for review: 31-Jul-98
A. Dembski rev1



Descriptions

System FMEA Number
Subsystem Prepared By
Component S FMEA Date
Design Lead Key Date Revision Date
Core Team Page of
Action Results
Potential Lo > 1 o « 4
@
. Potential Fallure |Potential Effect(s) Cause(s)/ Current Design R Recommended Respons;bmty& . 1818 %c
tem / Function . X P ) Target Completion | Actions Taken zlz1lz2
Mode(s) of Failure Mechanism(s) of Controls N Action(s) Date 218l 3 g
Failure Zlz|= Z
[Coolant Crack/break. Leak Qver pressure 8 |Burst, validation B64liTest included in J.P. Aguire
containment. Burst. Side wall rototype and 11/1/95 E. Eglin
Hose connection. flex. Bad seal. roduction 8/1/96
Coolant fill. M Poor hose rete alidation testing.
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System Design Verification Process Potential FMEA Number Project 11l
Subsystem Failure Mode and Effects Analysis Prepared By Houston Mayer
Component (Design FMEA) FMEADate  10/22/1999
Design Lead Houston Mayer Key Date Revision Date 8/21/2000
Core Team See Project Ill R1 Report Page 1 of 6

Action Results

. cpars > 3] " -4
Item / Function Potential Failure Potential E flect(s) P;Le:t:::nig:::)efniy Current Design ? Reconfmended T‘:regs:tog:::g:giﬁn Actions Taken (2 § § &
Mode(s) of Failure . Controls Action(s) 213158 3
Failure N Date zi2lz] 2
Customer sends |System, Customer needs Human error Design Use Closed
in a quote Software, not fully met by configuration configuration 10/21/99
request for Integration and |delivered tool. tool when
product. Shipping system. available.
requirements
overlooked by
customer
Requirement Data entry error |System ‘Order verified by Continue order {Closed
entered and compatability a configuration verification by - 110/21/99
verified by requirements tool. configuration
Inside Sales in not evaluated by tool.
config. tool. config. tool.
assurance in Ist
Axticle nrocess
OPEN 8/21/00
Houston Mayer
Six Sigma Blackbeit
August 21, 2000 3




Inside sales
submits Sales

Data entry error

Order
Processing Delay

Continue
current

Closed 1/25/00

Completed
design

Design
verification

realized.

Order
Processing Delay

Prcess Failure

Continue
current pracices.

Order practices.
Authorization
request to
TECenter.
TECenter Requirements  |Customer's full Continue Closed
Engineer reviews|overlooked by expectations current 10/25/99
the design to Engineer may not be practices.
determain if realized.
additional data .
is required.
Appropriate Appropriate Order {Process Failure Continue Closed 1/25/00
individuals are |individuals not |Processing Delay current
contacted to available. practices.
resolve issues.
Design Review is |Requirements Customer's. full 1|Continue Closed 1/25/00
completed. may not be expectations current pracices.
complete may not be

"[Closed 1/25/00

verification is misrouted
sent to
anpronriate
Requirements |Requirements |Customer's full Process Failure Continue Closed 1/25/00
are defined and |may be missed |expectations current pracices.
capability to or capibilty to may not be
meet/ accept meet realized.
rec@ﬁfﬁfﬂ@r@?.yer overestamated
ix Sigma BlacKbelt

RU'QU'ST 1, 2UUU

b




instructions.

processing of thy
order,

Inside Sales Wrong price and [Customer's full Process Failure Price provided to 3|Continue Closed 1/25/00
quotes price and javailability lexpectations customer current pracices.
availability provided to may not be
customer realized.
Customer sends {Order misrouted {Order ocess Failure Reprocess Order 1iContinue Closed 1/27/00
in purchase Processing Dela; current pracices.
cdax
Inside sales Data Entry Error |{Order Human Error Reprocess Order 3{Continue Closed 1/27/00
places order on Processing Dela current pracices.
system.
Order approved |Approval not Order Process Failure Expidite Process 1|Continue Closed 1/27/00
Tby Asset timely Processing Dela current pracices.
Management.
Order approved [Approval not Order Process Failure Expidite Process 1{Continue Closed 1/27/00
by credit. tmely Processing Dela current pracices.
Determaination |All product (1) Product Needed ‘Assure product 15|Continue Closed
made that required for the |delivery date components are availability current 10/25/99
product is order may not |requirements not available at before the order practices.
available for be available at |may not be met. the time of need. commitment is
buiid. the start-of the | (2) Workspace given to
build. occupied for an customer,
order awaiting
Product is not
available for
integration of
other orders.
Inside sales Shipdates may [Customer's full Needed Expidite Process 1{Continue Closed 1/27/00
expedites with  |not be accurate |expectations components are current
Asset to provide may not be not available at practices.
ship date. realized. the time of need
Order approved le-mail may be  JOrder Process Failure Expidite Process 1|Continue Closed 1/27/00
by Asset Mgmt. |misrouted Processing Dela, current
and e-mail sent practices.
to Integration.
Project Manager jOrder Customer and Processing Project Manager 3|Continue Closed
reviews order for |processing processing requirements rder review. current 10/25/99
special or requirements needs not overlooked practices.
internal may be identified could
overlooked prevent timely

Houston Mayer

Six Sigma Blackbelt

August 21, 2000




Stock
availability is
checked and
delivery dates
are aquired for

ai-stack.itemms

stock availability
and dates may

be inaccurate

Order is
forwarded to
Production

Engineer for

Build document
is reviewed and
verified.

Order may be
misrouted

Requirements
may be
overlooked

Project
management
notifies sales
with status of

Sales may not
receive order
status

Asset
management
places order for
non stock items.

Items may not
be ordered

Order is
scheduled for
production.

Order may not
be entered in
schedule

‘Whse Operator
reviews parts to
S0A & SCN.

Houston Mayer
Six Sigma Blackbelt
August 21, 2000

Parts may not
match
requirement

Customer's full Closed 1/27/00

expectations

Expidite Process

components are
ot available at
the time of need

Process Failure Expidite Process

Processing Delay}

Customer's 11 Individus are

expectations

Requirements

resolve issues,

Requirements Individuals are

Processing Dela;

resolve issues.

Expidite Process Closed 1/27/00

Processing Dela components are
not available at

the time of need

Requirements Individuals are Closed 1/27/00

Processing Dela

Requirements Closed 1/27/00

Processing Dela;




‘Techs. Check

Parts may not

Order

product against
SOW and build
instructions.

Houston Mayer
Six Sigma Blackbelt
August 21, 2000

match
requirement

Processing Delay

All components

are not available }

at the time of
need.

Individuals are
contacted to
resolve issues.

Continue
current
practices.

Closed 1/27/00




Product serial
numbers
scanned into

' Numbers may
be incorrect

Order
Processing Delay

Requirements
Overlooked.

Individuals are

1contacted to

HContinue

current

Closed 1/27/00

Design Process
reinitiates

Control of
requirements

Order

Processing Delay

Process Failure

dividuals are

contacted to

|resolve issues. practices.
Change made  [Control of Order Requirements jIndividuals are Continue Closed 1/27/00
after batch requirements Processing Delay Overlooked. fcontacted to current
release may be lost resolve issues. practices.

Continue
current

Closed 1/27 /00

Houston Mayer
Six Sigma Blackbelt
August 21, 2000

not addressed.

may not be esolve issues. practices.
Whse. invoices |[Wrong Shipping {On time delivery Process Failure lIndividuals are Continue Clesed 1/27 /00
and ships order {method may be |and integraty of ontacted to current
pericustomer's  jused the product may resolve issues. practices.
shipping be compramised
method. if this issue is




Product ships to

Products

On time delivery

[Needed

|Continue

Closed 1/27/00

closes project &
files quality
records.

customer. misshipped and integraty of components are current
the product may not available at resolve issues. practices.
be compramised the time of need
if this issue is
not addressed.
Coordinator Documents not |Documents may Documents may Continue Closed 1/25/00

filed correctly

not be
retrievable

not be
retrievable

resolve issues.

current pracices.

Houston Mayer
Six Sigma Blackbelt
August 21, 2000




Severity

o <

ITY of Effect
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Probability

1ing0

1in 400

Page 11
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Detectability

Detection Likelihood of DETECTION by Design Control | Rankmg

Maderate chance the des;gn ccmtmi wﬂi cieteci poient;al .
cause/mechanism and subsequent failure mode
Moderately High chance the design control will detect
‘otentzai cause/mechamsm and subse uent failure mode

Page 12



System

NASA 5 Ton Crane

Failure Mode and Ei...ts Analysis

FMEA Number

Subsystem Prepared By Jared Rea
Component 5 Ton TRDG Crane FMEA Date 8/12/2003
Design Lead Jared Rea Key Date Revision Date
Core Team Page ! of 20
Aection Results
S | Potential Cause(s) P R Responsibility & g1 sis]| %
. . Potential Failure Potential Effect(s) - . r Recommended . . @ ior/ &
ftem Item / Function o [ Mechanism(s) of Current Controls P . Target Completion Actions Taken Y o B N
Mode(s) of Failure . 0 Action(s) L7 IR B H
v Failure b N Date z ez |2z z
Mechanical Failure A Hook (Not . Planning, Known
) ) . Loss of human life & L
1 JA.Hoist B, wolley  |including Lifting or flight hardware 10 [Overload Loads, Design SF, 1 |50
- flight hardware
C. Bridge looling) = Hooks Labeled
Operator Training,
2 10 {Improper Setup Safety Pin, Design SF, 12 {60
Hooks Labled
Operator Training,
Operator
3 10 {Improper Use Awareness/Daily 2 120
Checklist, Annual
NDT, Hooks Labeled
Operator
Awareness/Daily
4 10 |Fatigue Checklist, Design SF, |1 110
Annual NDT, PM
(Visual)
Known loads, hoist
) . Create load charts,
| ol life & overload device, vendor joad test 1oad |Plant fions N
. L0858 of human life & e L oad test overloa ant operations Nov
5 A) Wire rope . 10 JOverload certification, rigging 1 |10 K L p
or flight hardware plan device, write rigging {2003
plan
Load test, Inspection
6 10 Incorrect after rope change m Maintenance
reeving/setup training
Operator Training,
Planning, Operator
10 {1 56 ’ .
/ mproper Use Awareness/Daily 2 |60
Checklist

Page 1 of 20




Operator Tron T,
Operator

Crane Inspector

8 10 Wear Awareness/Daily 10 Training
Checklist, PM
9 10 Imprf)p@T PM 10 Cr@eA Inspector
Lubrication Training
10 10 |Spooling Error Operator Training 200  [Operator training
Operator
1 10 Wear/Failed Awareness/Daily 10 Crane Inspector
Grooves Checklist, PM, Design Training
SF
ator Traini
8‘%;2:2: ramng, Additional Operator
12 10 [Rope Damage P . 60 Training, Crane
Awareness/Daily Inspector Training
Checklist, PM P £
i Loss of human life & , Planning, Known
A) Sheaves o
13 ) Sheaves or flight hardware 10Overload Loads, Design SF 10
L.oad Test,
Maintenance Maintenance
14 10 jmproper Setup Training/Manuals, 10 Training
Keeper Plate
Operator Training,
Operator
5 1 S .
{ 0 {Improper Use Awareness/Daily 20
Checklist
Maintenance Maintenanc
16 10 [Misalignment Training/Manual, T g ance
Vendor Certification raming
. Improper Crane Inspector
17 10 o PM 90 et
Lubrication Iraining
Operator
rane Inspe
18 10 |Failed Locknut Awareness/Daily 10 glr:ne nspector
Checklist, PM mng
Operator
- Awareness/Daily Crane Inspector
19 10 {Wear/Fatig R .
carftatigue Checklist, PM (Wear), 10 Training
Design SF
20 A) Lower Block, or [Loss of human life & 10 loverload Planning, Known 10

Upper Block

or tlight hardware

Loads, Design SF

Page 2 of 20




1

<

Failed Bearings

Redundant wis Lneave
Pin, Deign SF, PM
(Noise)

30

Crane Inspector
Training

Failed Bolts

Saftey Pin, Design SF,
Annual Torque Check
with Load Test, PM

E=N

40

Crane Inspector
Training

Failed Sheave Pin

Operator
Awareness/Daily
Checklist, PM, Design
SF

40

Crane Inspector
Training

24

Failed Saftey Pin

Operator
Awareness/Daily
Checklist, PM, Bolt
Torque

20

Crane Inspector
Training

[
A

Block Structure
Failure

Operator
Awareness/Daily
Checklist, Design Sf,
Load Test, Known
Loads, Weigh System,
Planning, PM

10

Crane Inspector
Training

26

10

Two Blocking

Operator Training,
Operator
Awareness/Daily
Checkdist, Power Limit
Switch and Geared
Limit Switches

50

Ay Drum

Loss of human life &
or flight hardware

Overload

Overload Control in
VFD, Planning, Known
Loads, Design SF

10

28

Improper Setup

Load Test, Vendor
Certification

10

29

Improper Use

Operator Training,
Operator
Awareness/Daily
Checklist, Planning

10

30

Failed Bearings

Redundant with Saddle,
Design SF, PM

60

Page 3 of 20




Load Test, Design SF,

Failed D §
31 0 |Failed Drum Shaft Vendor Certification 80
Loss of human life & Overload Control in
32 A) Hoist Gear box or flight hardware 0 |Overload VFD, Planning, Knownj! {10
st haTtware Loads, Design SF
Load Test, Vendor
33 0 |Improper Setup 1 Certification 10
Operator Training,
34 Improper Use/Shock | Operator 10 Additional Operator
- Loads Awareness/Daily Training
Checklist, Planning
- . L rane | ct
35 Contamination PM 60 o ane nspector
Training
Operator
Awareness/Daily Crane Inspector
36 Failed Bearings Checklist (Leaks), 30 frainin {
Annual Oil Sample, g
Design SF, PM
“rane |
37 Wear Design SF, PM 30 |Crane Inspector
Training
. . . Crane Ins’“pedor
3 e a
38 Misalignment PM, inspection 40 Training
Operator
Improper Awarencss/Daily Crane Inspector
39 s Checklist (Leaks), PM (2 f60 | "¢ "
-ubracat Annual Oil Sample, ! g
Heating System (Main)
None-Difficulty
Failed Set . Outweighs Benefit,
S i
40 Screw/Key plined shafts 80 and Adequate
Redundancy
Operator Training,
. Loss of human life & Operator
I; g - -
4 A} Hoist Motor or {light hardware U {tmproper Use Awareness/Daily 10

Checklist, Planning

Page 4 of 20




Crane Inspector

42 10 {Failed Bearings 3 [Operator Training 30 Training
Vendor Certification, Additional
43 10 |Misalignment 3 |Maintenance 30 Maintenance
Training/Manuals Training
. . PM, Vendor Crane Inspector
44 10 [Housing Fatigue 1 Certification 10 Training
Improper Paint PM, Vendor Crane Inspector
45 10 J(Over Thick) or 2 Ccn)iﬁcation 40 T/rainin o
Under Lubrication ’ &
" .. Design SF, Vendor
46 10 {Failed Set Scre/Key |3 Certification, Load Test 4 120
Shaft Redundant with
. e Holding Brake, Drive »
. Loss of human life & Additional Operat
47 A) Hoist o8 07 AUmAn HIE S 160 o verload I |Train Redundancy, 10 d.x‘xona perator
or flight hardware . Training
Planning, Known
Loads, Design SF
Shaft Redundant with
Holding Brake, Drive
48 10 |Improper Setup 1 |Train Redundancy, 10
Planning, Known
Loads, Design SF
Shaft Redundant with
Holding Brake, Drive
Train Redundancy, -
L Add 1 Operator
49 10 Himproper Use 1 |Operator Training, 10 Additional Operator
. raining
Operator
Awareness/Daily
Checklist, Planning
Shaft Redundant with
Holding Brake, Dri .
v Recimdaner. Additions
50 10 [Misalignment 3 Vendor Certification, 30 f;‘dizlvnthe}nance
Maintenance raming
Training/Manuals

Page 5 of 20




10

Improper
Lubrication

Shaft Redundant with
Holding Brake, Drive
Train Redundancy, PM

30

Crane Inspector
Training

52

Bad Factory Setup

Shaft Redundant with
Holding Brake, Drive
Train Redundancy,
Vendor Certification,
Load Test

10

Failed Set
Screw/Key

Shaft Redundant with
Holding Brake, Drive
Train Redundancy,
Design SF, Vendor
Certification, Load Test

80

None-Difficulty
Outweighs Benefit,
and Adequate
Redundancy

B. Trolley
C. Bridge

Sertous Injury, Flight
Hardware Damage

Overload Trolley

Overload control in
VFD, Planning, Known
Loads, Weight Test
(B), Design SF

20

—
<

Overload Bridge

Overload control in
VFD, Planning, Known
Loads, Weight Test
(B), Design SF

10

<

Improper Setup

Overload control in
VFD, Planning, Known
Loads, Design SF

b

16

57

Improper Use

Operator Training,
Operator awareness,
Planning

10

58

10

Wear, Buirs

Operator Awareness,
Design SF, PM

™~

80

Crane Inspector
Training

59

Failed Disk

Redundant with Other
Disks, Design SF, PM,
Operator Awareness

N

60

Crane Inspector
Training

Page 6 of 20




Design SF, PM

Crane Inspector

60 10 |Failed Springs “ ]Operator Awareness 40 Training
Crane Inspector
I h
Redundant with Eddy [raining, No Other
Current Brake. PM Recommendation,
61 10 {Loose Set Screw 14 ]~ . 80 Difficulty Outweighs
Operator Awareness,
Weight Test Benefit, and
Adequete
Redundancy
Design SF,PM, Crane Inspector
62 10 {Failed Shaft [ |Operator Awareness, 1 |10 o P
. Training
Load Test
Loss of human life & Redundant with MLB,
63 A. Hoist (;r ﬂbi “ht hardware 10 {Overload I |Planning, Known 1|10
SHEHardware Loads, Design SF
Redundant with MLLB,
Operator
Awareness/Daily Additional
) Checklist, PM, maintenance
roper 3 . I .
04 10 Jlmproper Setup Maintenance 30 Training, Crane
Training/Manuals, Inspector Training
Inspection After
Modification
R ant with
edundant with MLB, Additional
Operator Awareness, Maintenance
65 10 [Failed Spring 3 |PM, Load Test, Design 2 [60 |0 can
. Training, Crane
SF, Maintenance Inspector Trainin
Training/Manuals pe fning
Add to PM-Measure
Redundant with MLB, Setting of Torque
Operator Awareness Brake Bolt, Crane
606 10 {Misadjustment 4 P . ’ 80 Inspector Training,
PM , Maintenance ..
S Additional
Training/Manuals .
Maintenance
Training

Page 7 of 20




67

I

<

Overheating

Redundant with MLB,
Operator awareness,
Design Sf, Operator
Training, Known
Loads, Planning

20

68

A BC
Bearings

Loss of human life &
or thight hardware

Overload

Bearings Redundant
With Other Bearings
(A), Overload control
in VFD, Planning,
Known Loads, Design
SF

10

69

Improper Setup

Bearings Redundant
With Other Bearings
(A), Maintenance
Training/Manuals,
Vendor Certification

40

Additional
Maintenance
Training

70

1

el

Improper Use

Bearings Redundant
with other Bearings
(A), Operator Training,
Operator
Awareness/Daily
Checklist, Planning

1

Misalignment

39}

Bearings Redundant
with Other Bearings
(A), Maintenance
Training/Manuals,
Vendor Certification

20

Additional
Maintenance
Training

10

Improper
Lubrication

Bearings Redundant
with Other Bearings
(A), PM

120

Add Use Meter,
Crane Inspector
Training

73

Wear

Bearings Redundant
with Other Bearings
(A), Operator
Awareness, PM Vendor]
Certification

160

New Vibration

Analysis Equipment,

Annual Vibration
Analysis, Crane
Inspector Training

74

Fatigue

Design SF, PM

20

Crane Inspector
Traing

Page 8 of 20




AB.C.

Loss of human life &

Planning, Known

s 1 . 10
75 Coupling or flight hardware 10Overload (A), (B) Loads, Design SF
Operator
. Crane Inspecto
76 10 Himproper Setup 2 jAwareness/Daily 1 {20 ldne napector
Checklist, PM Training
Operator Training,
Operator
er 2 . 2
77 10 {Improper Use Awareness/Daily 0
Checklist, Planning
Crane Inspector
- Maintenance Training, Training, Additional
2 Q-
78 10 [Misalignment 3 Apm 3 190 Maintenance
Training
. Improper Crane Inspector
9 0 . 3 {PM 1 130 L
79 ! Lubrication Training
PM, EV‘S“;‘";Z“V“?_S Additional
80 10 | Wear g [orereaseontioon or i g Maintenance
evidence of e
. Training
misalignment)
PM (visual-shavings or -
grease on the floor, or Additional
evidence of Maintenance
Structural Fai 2 . 2 |4 P ..
81 10| Structural Failure mialignment), Operator 0 Training, Additional
Training (Shock Operator Training
Loading)
B C Loss of human life & Vendor operation test, Additional
82 [};gt,. ) ): nbx xm‘)t)r;nva.? 110 {Improper Setu[p 3 IMaintenance Training, |1 30 Maintenance
estoot or tlight hardware PM Training
Change PM-Monthly
. Check of Free
83 10 gf”%d ?olley 3 |Design SF, PM 4 {120 [Moving Bearings,
carng Crane Inspector
Training
Verify Lockwire,
Self Locking Nuts
3 ) o S P 4 . ’
84 10 {Loose Bolts 4 |PM 160 Locktight, Crane
Inspector Training

Page 9 of 20




ABC

Loss of human life &

Planning, Known

Lockwire, Self

5 - - 20 Locking Nuts, or
85 Nuts and Bolts or flight hardware 10 {Overload Loads, Design SF o¢ @g uts, of
Locktight
Lockwire, Self
Locking Nuts, or
ight, Rand
— Vendor Certification, :‘oici:i:e)ck‘;nduo:;
86 1o | mproper Maintenance Training, {3 190 4 g
Setup/Torque PM PM, Crane Inspector
Training, Additional
Maintenance
Training
; ire, Self
Design Sf, PM (Loose . OCkW]m ©
T Locking Nuts, or
87 10 | Vibration /Broken Nuts and 3 {150 )
Locktight, Crane
Bolts) .
Inspector Training
Q o . Crane Inspector
88 10 |Fatigue Design SF, PM 1 |20 .
Training
2 . Crane Inspector
89 10 1Wear Design SF, PM 1 J20 .
Training
B C Severe Injury, Failed Crane In; e;tnr
90 St Damage Flight o frared Design SF, PM 1 10 -rane hsp
Bumper Stops Rubber/Spring Training
Hardware
Operator Training,
. Operator Increase Operator
S 3 . 3 0 L.
1 10{Abuse Awareness/DailyCheck ’ Training
list, Planning, PM
Limit Switch
A Redundant with Crane Inspector
92 Limit Switch l,usg of human life & 10 | improper Setup Welghted Limit Switch, > lso Tra?nlng, Additional
(Geared) or flight hardware Design SF, Maintenance
e Maintenance Trainign, Training
PM
93 10 {Loose Screw Set unaar 120 |Setscrew to PM,

Weighted Limit Switch,|”

Design SF, PM

Whip End Dip

Page 10 of 20




Limit Switch

Redundant with Crane Inspector
g 2 . o . 2 .
94 10 Wear Weighted Limit Switch] 0 Training
Design Sf, PM
Limit Switch None-prﬁctllty -
Redundant with Qutweighs Benefit,
95 10 |Failed Roll Pin/Key |4 | counean with 80  |and Adequete
Weighted Limit Switch,
Desien SF. PM Redundancy, Cannot
esign ot Be Checked
. . b I tor
96 10 [Failed Coupling 3 |pMm t {30 Crave' nspector
Training
e . Switch Redundant .
A. Limit Swite Loss of : e L T 3
97 / imit Switch ’0«.3 QI human life & 10 | Failed Actuator 2 | With Geared Limit 1 2o ’Lla?e' Inspector
(Power) or flight hardware . Training
Switch, Pm
Switch Redundant Crane Inspect
With Geared Limit R
98 10 {Improper Setup 2 |Switch, Vendor Test, {1 (20 iming, Additiona
. P Maintenance
Maintenance Training Trainin
Manuals, PM nng
Switch Redundant Add Chéék on
99 10 {Loose Set Screw 4 1With Geared Limit 3 1120 Setscrew to PM,
Switch, PM Design SF Whip End Dip
Switch Redundant Crane Inspect
100 10 | Wear 2 |With Geared Limit 1 [20 | PPECIOr
Switch, PM ramimng
A Redundant With
101 Pillow Blocks L,ossvot human life & 10 |overioad | Saddlf:, Weight System, e
(Mounted) or flight hardware Planning, Known
’ Loads, Design SF
Redundant With ”
Improper Setup, S; dclll;:: T/qen d;r Additional
102 10 JAlignment, or 2 o 1§20 Maintenance
) Certification, P
Torque Training

Maintenance Training

Page 11 of 20




Redundant With

Crane Inspector

103 10 {Failed Bolt ! |Saddle, Design SF, PM |1 |10 e
e Training
Vendor Certification
Redundant With Crane Inspector
y ‘ol 5 12 .
104 10 |Broken Weld 2 Saddle, PM 0 Training
Crane Inspector
- B C Loss of human life & . Redundant With Training, Operator
) g . i L
105 Rail Stops or fhight hardware 10 [Frailed Welds 2 Building walls 20 training, add travel
limit switches
- . Crane Inspector
106 10 {Failed Bolts 1 [pM 2 20 .
Training
. Operational Test
107 10 {Improper Design {1 D}e)seirgnlon € 1 10
. Operational Test
108 10 {Improper Setup 1 Design 10
. ator Traini
F09 10 {Abuse 3 Opera' or framning, 2 160
Planning
. " Crane Inspector
B¢ Loss o nan life & . BN
) s oss of human life &1 e o welds 2 IPM Design SF 1 120 |Training, consider
Rail Sweep or flight hardware .
tethering sweep
Crane Inspector
111 10 {Failed Bolts 1 |PM Design SF 2 {20 Training, consider
tethering sweep
B.C. Loss of human life & . . Design SF, PM Crane Inspector
2 . Fail 35 ; -
H Wheels or flight hardware 10 [Failed Bearings 2 Operator Awareness 3 |60 Training
Re-align/Survey
'y 5
S Operator Awareness, Runway Every
Misalignment PM Vendor Years, Crane
113 10 {Wheels 3 . 3190 Inspector Training,
o Certification, .
Rail (O) . . Additional
Maintenance Training .
Maintenance
Training

Page 12 of 20




Misuse

Operator Trati.ag,
Operator
Awareness/Daily
Checklist, Planning

10

115

1

o)

Mismatching Wheels|

Operational test will
identify

10

1C

Improper Design

Vendor Certification,
Operator
Awareness/Daily
Checklist PM (Wear
Detection), operational
test

10

Strutural Failure: B.

[

Beams, Trucks  C.

Girders

Loss of human life &
or fhight hardware

Failed Welds

[ae)

Load test verification,
Vendor Certification,
Design SF, PM

b~

40

Crane Inspector
Training

118

Failed Bolts

Load test verification,
Vendor Certification,
Design SF, PM

20

Crane Inspector
Training

10

<

Improper Design

Load Test Verification,
Material Test Reports,
Vendor Certification,
Design SF, PM
(Detection)

10

120

Improper Installation

Load Test Verification,
Vendor Certification,
Design SF

20

Rust

Vendor Certification,
Design SF, PM,
controlled atmosphere

60

Crane Inspector
Training

Overload

Redundant With

Overwad Device,
Planning, Known
Loads, Design SF

ot

10
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Operator Traniug,
operator

: isus . 10
123 Misuse Awareness/Daily
Checklist, Planning
ELECTRICAL .
I Control Switch is Crane Inspector
. Loss of human life ) "Dead Man", Operator o .
124 WA, Motor 055 o1 human e & Failed Connections cad van , Lperator 40 Training, Consider
or flight hardware Awareness/Daily Megger Test
Checklist, PM g8
Motor Redundant With
Control Switches
125 Broken Wire (Operatm" Control), £ ’Crafle' Inspector
Megger Test Operator raining
Awareness/Daily
Checklist
Control Switch is
126 Electrical Overload "Dead Man", Fuses, 2 160
Heater
Improer Control Switch is Crane Inspect
127 IYL{M i)litiun "Dead Man”, Megger |2 e T:railf n e
- 14 1
¢ Test, PM &
Control Switch is Crane Inspecto
128 Partial Power "Dead Man", Megger |2 |40 'I:I‘an‘ pector
Test, PM e
Control Switch is
i B.C. Loss of human life & . . "Dead Man", Operator Crane Inspector
8 2P ™ st ’
129 Brake Disk or light hardware Failed Connections Awareness/Daily 40 Traing
Checklist, PM
Control Switch is
130 Broken Wire "Dead Man", Qperat01‘ 40 Cra?e' Inspector
Awareness/Daily Training
Checklist, Pm
Control Switch is
' ' " an”, ator . .
131 0 |Failed Solenoid ead Man", Operator £ Crane Inspector

Awareness/Daily
Checklist, PM

Training
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A. Brake Shoe

L.oss of human life &
or flight hardware

Failed Connections

Shoe Redundant With
With MLB, Operator
Awareness/Daily
Checklist, PM

[av]

40

Broken Wire

Shoe Redundant With
MLB, Operator
Awareness/Daily
Checklist (C), PM,
Vendor Certification

40

Crane Inspector
Training

Failed Solenoid

Shoe Redundant With
MLB, Operator
Awareness/Daily
Checklist, PM

[

40

Crane Inspector
Training

A. Limit Switch
(Geared)

Loss of human life &
or flight hardware

Failed Contacts

Limit Switch
Redundant With Power
Limit Switch, Operator
Awareness/Daily
Checklist, PM

.y

20

Crane Inspector
Training

136

Failed Connections

N

Limit Switch
Redundant With Power
Limit Switch, Operator
Awareness/Daily
Checklist, PM

.

20

Crane Inspector
Training

137

Broken Wire

Limit Switch
Redundant With Power
Limit Switch, Operator
Awareness/Daily
Checklist, PM, Vendor
Certification

20

Crane Inspector
Training

138

Improper
Adjustment

Limit Switch
Redundant With Power
Limit Switch,
Maintenance
Training/Manuals

60

Additional
Maintenance
Training

A. Lumit Switch
(Power)

Loss of human life &
or flight hardware

Failed Contacts

Switch Redundant
With Geared Limit
Switch, Operator
awareness/Daily
Checklist, PM

40

Crane Inspector
Training

Page 15 of 20




Switch Reduti.at
With Geared Limit

Crane Inspector

140 10 [Failed Connections |2 |Switch, Operator 1 |20 .
, Training
awareness/Daily
Checklist, PM
Switch Redundant
With Geared Limit Crane Inspector
141 10 | Broken Wire 2 |Switch, Operator 1 {20 rane s
. Training
awareness/Daily
Checklist, PM
Switch Redundant
Imbroner With Geared Limit Additional
142 10 Acl" gtp ot 1 |Switch, Maintenance {1 {10 Maintenance
Justmen Trainig/Manuals, Training
Vendor Certification
ABC Operat
A . o perator .
. Hard Wire Controls {Loss of human lif .. . 3
e e © Checklist, PM, Heater ramning
Contactors)
Operator Crane Inspector
144 10 |Failed Connections |2 |Awareness/Daily 3 160 ,I:aA . P
Checklist, PM ramng
Operator
- . Awareness/Daily Crane Inspector
b 10 {Broken W 2 . .
145 roken Tvire Checklist, PM, Vendor 60 Training
Certification
Maintenance Additional
146 10 jimproper Setup [ 10 Maintenance
Training/Manuals .
Training
Operator Awareness, Crane Inspector
. . PM Training, Additional
147 10 |Switch Fe ? ’
4 witch Failure 3 Maintenance/Train. 60 Maintenance
Manuals Training
Overload Protecti .
148 10 | - Veroad FIOCiON 1y 1prakes Set At Failure |1 |20

Frailure
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149 10 |'Transformer Failure |2 |Brakes Set At Failure |1 120
- . C Inspect
150 10 |Heater Failure 2 |pM 1 |20 rane inspector
Training
A.B.C Loss of human life & Operator Crane Inspector
151 L\R/virt':‘v;' );_ ;T 1t hardsware 10 |Failed Connections |2 {Awareness/Daily 3 160 "fx'ailxinr P
® orte ’ Checklist, Pm g
- Inspect
152 10 |Current Overload |2 |Fuses Circuit Breakers {1 |20 Crafxe' nspector
Training
..I 1
153 10 |Age 2 |pM 3 [0 [CrancInspector
Training
Vendor Certification, Crane Inspecto
154 10 {Vibration 2 IPM (Loose 1 120 rane spector
. Training
Connections)
155 10 JAbuse I [Operator Training 2 {20
. . - Operator
AB.C Loss of human life & . , , Y :
156 Festoon Runwa <):);lbi(7)1'1t‘llllz‘::(;[\:/'ill‘: 10 |Failed Connections |2 {Awareness/Daily 3 o0 graagéinspectm
; A R ‘ Checklist, PM raming
Fuses, Circuit Breakers, Crane I tor
157 10 }Current Overload |2 |Vendor Certification, |1 |20 - rane nspector
Training
PM
I {
158 10 |Age 2 |PM | |20 |CraneInspector
Training
. ) PM (L X
159 10 |Vibration 2 (Loose 1 {20 |Loctite
Connections)
. Crane Inspecor
. Maintenance
ment/Kinke aini iti
160 10 Movement/Kinked I |Training/Manuals, Pm, {3 130 Tla.mmg, Additional
Cable . . Maintenance
Vendor Certification .
[raining
lol 10 {Contaminatioin 2 |pMm 3 160 Crane Inspector

Training
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Surge Protection, Operator
. . . Lightning Protection, Maintenance
. ACB.C Loss § > & . L.
162 ;’UWCX‘(S ke 0?:} ?‘luh;“:?‘;&iﬁ & 10 {Lightning 4 [Proper Grounding, Do {1 140 Training, Add Surge
k P & Not Operate in Protection in
Lightning Storm Building
Surge Protection, .
- L . tall Isolat
163 10 |Power Company 14 |Lightning Protection, {2 {80 Insta sotation
; Transformer
Proper Grounding
Failed Operator
164 AB.C. Power jLoss of human life & 10 | Connections 2 Awareness/Daily 40 Crane Inspector
Supply (3 Phase) or flight hardware Checklist, PM, Limited Training
Backup Power
Operator
. . Awareness/Daily Crane Inspector
5 0 1Broke : 2 . 4 o
162 10Broken Wire Checklist, PM Vendor 0 Training
Certification
Limited Backup Power,
166 10 |Power Source 2 IComputerized 2 |40
Monitoring
Eddy Current Brake, Crane Inépector
167 10 |Stuck Contactor 3 |Operator Training, Pm {2 {60 Trainin P
(Audible) £
Operator Training,
i . i ABC Operator
Elect failure | . ~ 9 ,
168 ectronic Failure Radio Transmitter t01Abuse Awarebess/Daily 270
Checklist
. Low B: LED,L
169 10 |Failed Battery g | 0w battery M3 |270  |Heated Storage
Signal Dropout
Operator
Awareness/Daily Electronic
170 10 |Failed Connections |5 [Checklist, Electronic {2 1100  |Maintenance
PM, Bad Signal Training
Dropout
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Operator

Awareness/Daily Electronic
171 10 {Failed Switches 4 |Checklist, Electronic 80 Maintenance
PM, Bad Signal Training
Dropout
Operator
Awareness/Daily Electronic
172 10 |Failed Components |3 {Checklist, Electronic 60 Maintenance
PM, Bad Signal Training
Dropout
Recetver Band Width,
A B C Loss of human life & Y Bad Signal Dropout,
173 Radio Receiver or flight hardware 10Stray Signal ! Coordination of 10
Frequency
Design SF, Electronic Electronic
174 10 {Broken Antenna 1 |PM, Low Signal 20 Maintenance
Dropout Training
Operator
Awareness/Daily Electronic
175 10 [Failed Components {2 [Checklist, Operator 40 Maintenance
Training, Electronic Training
PM
Electronic
176 10 {Overheat 2 |Fan, Electronic PM 20 Maintenance -
Training
Operator .
Electronic
Failed Transfer A /Dail
177 10 \‘“%Ld ransict 2 Warevess. ay 40 Maintenance
Switch Checklist, Electronic Trainine
PM ning
Maintenance
Training/Manuals, ,
Improper Operator Electronic
178 10 . i
Setup/Adjustment 3 Awareness/Daily 60 ;\;Ir?;:t,:llance
Checklist, Electronic g
PM
Operaty
A\!i:is;s/Dail Electronic
179 10 [Failed Connections |2 esyary 40 Maintenance
Checklist, Electronic ..
Training

PM
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180

<

Broken Wire

Operator
Awareness/Daily
Checklist, Electronic
PM, Vendor
Certification

20

Electronic
Maintenance
Training

Legend:

PM = Preventative Maintenance
S¥E
NDT = Non Destructive Test (eg Dye Penetrant, mag. Particle)
VFD = Variable Frequency Drive

Safety Factor

TRDG = Top Running Double Girder
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