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INTRODUCTION 

This analysis is based on the subject equipment being properly assembled 
and in the correct configuration to perform the work, set up according to 
manufacturer's specification including level state, proper cribbing, 
lubrication, fluids levels, and adjustments. 

Because the specification for this analysis did not describe the crane 
configuration, the weight, radius, or height of the lift, several options will be 
analyzed. 

Some illustrations will not be an exact match; however, they will contain the 
same components as described by the manufacturer. 
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SYSTEM DESCRIPTION 

HOOK BLOCK 

Hook blocks are used to increase hoisting efficiency on crane and hoisting 
systems by means of increasing the number of running wire ropes through 
encased sheaves. Attached to the encasement or block are single or multiple 
barb hooks. The hook provides a means to attach loads usually using 
suspension gear such as slings. 

This crane comes with a variety of hook options that can be used based on 
the weight of the loads to be hoisted and the hoisting speeds desired. The 
description given for the analysis and inspection will apply to all hook block 
options. The difference being the number of sheave and possibly a double 
hook verses a single hook. 

The hook block will have a wedge socket connect located either on top or to 
one side of the block for the purpose of securing or dead ending the wire on 
the block when odd numbers of parts are required. 
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INSPECTION AND ANALYSIS - BEARINGS, 
SPACERS AND SHEAVES 

(SINGLE POINT FAILURE) 

Hoist Block Sheaves operate within the block and boom point with the 
assistance of spacers. Spacers separate the sheaves in order to provide a 
necessary even load on the boom head. The hook block maintains a like 
distance to allow for eccentric reeving to prevent twisting in the boom head. 
Twisting could cause the boom to fail with loss of load. 

Bearings allow sheaves to rotate with a minimum of friction or lateral 
movement or wobble. Defective sheave bearings may cause the sheaves to 
freeze causing eventual failure of the wire rope causing loss of load. 

A visual inspection should be conducted by the crane operator, lift 
coordinator, or designated N.S.I. staff during the pre-lift meeting on the job 
site. 

The inspection should consist of insuring that all sheaves are operating 
properly and no damage or excessive wear is present. Sheaves shall support 
the wire rope from 135 to 150 degrees of the wire rope circumference. 
Sheave grooves shall be smooth, flanges shall not be broken and sheave 
guards shall be in place and undamaged. 
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INSPECTION AND ANALYSIS - TRUNNION 

(SINGLE POINT FAILURE) 

Trunnion failure would cause the upper portion of the hook block 
(containing the sheaves and through shaft) to separate from the lower portion 
of the hook block. 

Complete failure of the trunnion will result in total loss of load. 

The trunnion should undergo a visual inspection by the crane operator, lift 
coordinator, or other designated personnel at the lift site. Wear areas are 
difficult to visually inspect. Look for signs of looseness, freezing, sticking, 
or wear. It is recommended to have the block disassembled for a NDT prior 

I to the lift if it has not been done within the past 12 months. This item should 
be deemed passive before the lift is made. 
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INSPECTION AND ANALYSIS - WEDGES, 
MECHANICAL SOCKETS & DEAD END 

(SINGLE POINT FAILURE) 

The wedge connection point on the hook block is used to attach the wire 
rope when odd numbers of parts are needed. The connection point enables 
the wedge socket or mechanical wedged socket (pressed end) to be pinned to 
the block. A similar attachment will be on the boom point. Should the 
attachment point fail, the load would free fall as the wire rope renders or 
unreeves. 

,( The wedge connection point should be inspected by the crane operator, lift 
I coordinator and designated persons during the pre lift meeting for any 

II 
distortions, cracks, more than 10% wear at any location, evidence of heat 
damage such as welding or burning, or unapproved modification. 

Failure due to incorrect installation of the wedge or the pressed end sockets 
would allow the load to free fall as the wire rope unreeves. 

The operator, lift coordinator and designated N.S.I. staff should inspect the 
socket during the pre-lift meeting for any signs of slippage, worn or 
damaged pins, cotter keys, more than 10% wear, proper installation of the 
wire rope, distorted pressed fittings or sockets, proper length preparation of 
dead end on wedge sockets, on pressed end sockets check socket connector 
on rope for any signs of slippage; if applicable check the mushroom grip, 
flap, and sleeve for proper operation or damage. 

These items must be deemed passive before proceeding with the lift. 
Inspection does not require disassembly_ 
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INSPECTION AND ANALYSIS - THROUGH SHAFT 

(SINGLE POINT FAILURE) 

Hook block sheaves are held in place by a shaft that passes through the 
sheaves and attaches to the inner plates of the block housing. If the through 
shaft breaks the sheaves and the wire rope may fail or detach resulting in 
loss of load. 

~
In the absence of a recent NDT report or certification the hook block should 

I,be inspected visually by the operator, mechanic, lift coordinator or 

ldesignated N.S.I. staff. The hook block inspection should consist of looking 
j Jor excessive sheave wobble, binding or bearing failure. 
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INSPECTION AND ANALYSIS - SHANK NUT 

(SINGLE POINT FAILURE) 

The shank nut holds the hook in the block assembly. Should the shank nut 
completely fail, the hook would separate from the hook block, resulting in 
loss of load. 

A visual inspection of the shank nut shall be performed during the pre-lift 
meeting by the operator, mechanic, lift coordinator or designated N.S.I. 
staff. Inspection should insure there is no distortion or cracks on the nut, 
and proper tightness to still allow rotation of the hook. This item shall be 
deemed passive before the lift is made. 
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INSPECTION AND ANALYSIS - HOOK 

(SINGLE POINT FAILURE) 

The hook is the load bearing point of the hook block. Structural failure of 
the hook will result in loss of load. 

A visual inspection of the hook shall be performed during the pre-lift 
meeting by the operator, lift coordinator or designated N.S.I. staff. The 
inspection can be performed on site and does not require disassembly. 

The hook inspection should consist of looking for hairline cracks, spreading 
of the hook by more than 15% of the original throat opening, loss of 10% or 
more of the original hook material, twisting, and evidence of heat damage 
such as welding. A recent NDT certification of the hook, nut, and block 
should be presented to the N.S.I. staff. 
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ILLUSTRATION HOOK 1.0 
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ILLUSTRATION HOOK 2.0 

Because FIotatim AesistaRt Ropes can be dIffIruIt to 
properly identify by sight. It Is ~ !hat all 
FIotatim AesistaRtRopesbellghllyseizedwill wire, strand 
ar tape; ar welded befare ~. It Is important !hat all 
FIotatim Resistant •. Ropes be ~ from ~ 
when cut ~ et~. GeneI'IlI gutdaIIRes 
far seift1g and weIdif1g are shown in 1M!iletaII below. 
E~ 35lS and o,tarm-34L.R sI:1ouId bave welded 
ends and not seized ends. 

FIotatim ResistaRt Ropes are special ropes and are pre
dtlceI:JwIIIspeciaI~tectmiques to·meetallof 
1M~~~oflM¥OpeS. Top:wevent 
eonftlsioA as to wIWI!i are prefomleEl, fJ8!'IIa1Iy prefomleEl 
and noo-prelOrmed, Bridoo AmeAc:an a&IaGhes a waming 
tag. on all FIotatim AesistaRt Ropes to indIeate !hat lMy 
sI:1ouId ".be properly seized when cut. 

OOTll::T_seizitlgsarerecommendedfar~ 
rope and _ seift1g far prelOrmed rope. Eaoh seimg 
sI:1ouIdbe at leaslooo rope diameter in length. 

welDED lENDS 

A welded rope ami can facilitate 1M insta1IaIion of a 
fiIOtalioAResistaRtRcpEtinawedgesooket. Aweldedrope 
amI~wlllatail·of __ lMn20 ropedlametefscan 
cause rope distarIloo. 111M proper tail length Is used. a 
wetdetfamlls ~. 

BRYDON AMERICAN 

HANOLINGIINSTAlLAl'ION 

J!Iotalion AesistaRt Ropes ITWst bave properly seized, ar 
welded ends. TheylTWstbelnstalledwlU1wt~twIst 
ar tum. They must not be kinkeG, and lMy lTWst!:!ave 1M 
proper tail length at 1M wedge sooket. 

WEOOE SOCKETS 

AI FIotatim AesistaRt Ropes can be used wllllItaAI!Ian:I 
wedge soc:kets. Certain precautions ITWst be taken. AI 
FIotatim AesistaRt Ropes sI:1ouId be lIghIIy seized will:l 
wire. strand ar tape; ar welded to prevent loss of rope lay 
atllle dead ami. Loss of rope lay wIlIshange 1M operatifIg 
char~oflMropesandcan.cause"strartdsand 
rope distarIlon. 
The dead and sI:1ouId be a I'IlInitnum length of 26 rope 
diameters faralll'lotalion AesistaRt Ropes. Awlre ropecllp 
may be ~tolM dead end. 

BAC'1I reeommendatIonls !hat 19 x 7. 13 x 7 Fe. 8 x 19 
~. ~t3 and ~t8 HSIJ1! sI:1ouId not be 
dead ended into a swivel. The IllIlIIIpIe strand l'lotaIion 
Resistant Ropes sadl as o,tarm.34LR end Endu_ 
35lS may Iileused will a swivel in MY appIIeatIoo. 
The reason far INs ~ is !hat 1M IItaAI!Ian:I 
FIotatimAesistaRtRopes and 1M Speaal RatelkmRests· 
tant Ropes will mtak> UI1I'i!Ir food. Excessive rotation will 
catI!Se imtlaIance and a radoolion in sIJeflgIh. lIAder a 
shod< lead or overload c:anditioa, 1M ~ of Ihese 
ropes can be redIaeed as mucI:l as rook. 
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ILLUSTRATION HOOK 3.0 

END ATTINGS FOR WIRE ROPE 
ANDSTRUcrURALSTRAND 

Open Strand and.Wire Rope Sockets 
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ILLUSTRATION HOOK 4.0 
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ILLUSTRATION HOOK 5.0 

1- I:: 1= I::;: 
1 18'81 8111 ea SEIIJl(ll£-.o_ 
• 745UHea _e1f.2R&DlNf12S 

1- I 
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ILLUSTRATION HOOK 6.0 

As a rope is run tI1f0ugh a groove, boIIll:Jeoome smaller. A used 
groove can be 100 small far a new fope; IIIus ~rope 
wear. A compromise ~II rope life and macI!iRI!Ig 
frequency liIust be made. 

,-----------, er_sMutdhave 
all are ofOOlltad wllh 
the wire rope~ 
135 and 150 __ . 

1heysMutdbe 
IapeFed to fi*t'nlt the 
rope 10 IIII1ar and 
leave the groove 
smaothIy. FiekI 
IIlSflElOIiOn !Il'
guages are made 10 
the I'IOIIIIOaf <llameter 
of the rope.plus 'It of 
the alllowable rope 
oversize tofer_. 
When tile f!ekl 
iIlspooIlOII !IlJII99 fits 
perfectly, the groove 
is at lIIe milllmum 
permisslble oontour. 

Calculating Drum Capacity 

TIle Ie!IgIh 01 rope !hat can be WIIIlI'KI 00 
II drum or reel may be ea/ooIatad as 
fIIIlows. L = the length of rope 11I1eat. All 
lither dimenslorts are ill i!Iches. 

L = (A + I3)xAxlhK 

K- Consfatlt ob!aiI:Iea by dMrJil'lfl.2618 by 
IIIe square of the adttaI rope diamatar. 

ValuesofK 

~ [K ~ K 

1/4" 3.29 1118" .191 

5f18" 2.21 11/4" .152 

3/8" 1.58 13/8" .127 
7'/16" 1.1:9 1112" • tQ:7' I 
112" .925 15/8" .0086 
9118" .741 1314" .Q:710 

5/8" .001 17'18" .Q:fil7'5 
314" .426 2" .0!l07' 
7'18" .3Q:fil 2118" .0:532 

I" .239 21/4" .Q4i'6 

A - !!:Q - IJe:aiI'ed ~ In i!Iches. 
2 

B = 1_ II> incbes. 

o = Batr. ~ II> i!Iches. 
H = Flange ~ in i!Iches. 

L = Reps Ie!liJIII illleat. 
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WIRE ROPE GROUP 
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ITEM DESCRIPTION 

WIRE ROPE 

The load line on this crane is designed specifically to be used as running 
wire rope. This means the rope is designed to travel through and around 
sheaves located within the hook block and the boom-point head to the hoist 
drums located on the superstructure. 

The wire rope is designed to perform to the necessary bending, wear, and 
fatigue factors common in hoisting operations. It is made up of three 
components; wires, strands, and a core rope usually IWRC. In order to meet 
U.S. standards the ropes may only be loaded to a fraction of the breaking 
strength or ultimate strength. Six and eight strand ropes shall work with a 
factor of safety of no less than 3.5: 1. Rotation resistant rope shall work with 
no less than a factor of safety of 5: 1. 
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INSPECTION AND ANALYSIS - WIRE ROPE 
(SINGLE POINT FAILURE) 

Inspection and maintenance of the load cable is an ongoing process. 

The load cable (wire rope) is constantly monitored for signs of fatigue, wear, 
broken wires, valley wire breaks, flat spots, kinks, broken strands, and bird 
cagmg. 

The inspection minimum standard for wear is based on the diameter of the 
rope. For example, a one inch wire rope must be removed from service when 
it has lost 3/16 of its diameter. It must also be removed when it has loss 1/3 
of the diameter of the outside strand wires. 

Six and eight strand ropes must be removed when six randomly broken 
wires are present in one rope lay or three broken wires in one strand in a 
rope lay. A rope lay is the distance it takes for one rope strand to travel 360 
degrees around the rope. 

Rotation resistant rope must be removed when two broken wires are present 
within six rope diameters and four broken wires are present within 30 rope 
diameters. 

Failure of the load cable will result in loss of load. 

A visual inspection of the wire rope shall be performed during the pre-lift 
meeting by the operator, lift coordinator or designated N.S.L staff. 
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TYPES 

MANUFACTURER: 

UNKNOWN 

TYPE: ONE OF THE FOLLOWING: 

6 X 19 IWRC FS 3.5:1 
6 X 25 IWRC FS 3.5:1 
8 X 25 IWRC FS 3.5:1 
8 X 19 IWRC FS 3.5:1 
DYFORM-18-HSLR FS 5:1 

SPECIFICATIONS: 

DIAMETER: 23MM 

WEIGHT: 

BREAKING STRENGTH UNKNOWN 
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ILLUSTRATION WIRE ROPE 1.0 

WlRBCO 

WlRBROPB. 

WIRE RQPJB CORpORATION OF AMERIOA. INO •• ST. JOSIllPH. IKO. REPORT NQ. 10r 

WIRE ROPE INSPECTION 
Permdm !n&peIlti\;HtJI of wire ropes in 
use are _ssary for ooe very impor
tant reason: Wire ~ope is a "_d" 
item. It is literally "used up" as it is 
used, IIIId 1!I'1idually to!leS strength dur
ing its useful life. 
The ~ of l1li !n&peIltion, then, is 
simply to _rtain insofar as may be 
posslbie - whether a wire rope retains 
sufficient sapability to perform the 
work tobe I10ne bef0l'e the next sdted
wed inspection. 
That regtdar inspeetions are rectuired 
by certain governmental Feguiations is, 
in a _. of secondary Import:llru:e -
aince .the need to porm sudt inspeo= 
tiona would exist an)!'~. 
But the gover_Ill ~s r~ ma
chine owners artd/Of users Ie comioot 
regular, preper inspeetinns, aftd te 
keep mitten re_tis of such inspec
ti\;HtJI • • • and the 1mrdee of this. re
<tuirement is ttpOD the fY'Imerfuser. 
PffSbably tim primary rule to fottow in 
condooting a wire rope inspection on 
any typical machine 01' pie¢e of equip
ment is that each wire repe _sf be 
coo1lidered indMdllalty. 
This individual treatment is partictdar
Iy Important wiren inspecting so-called 
"standing" rape$ th0!Ie wiridt are 
.primari!y supporHng, or strnetrnal. 
members. For example, the pendants 
whidt support long crane booms are 
frect_tly made up of _rat secIions. 
each of which is an indlvWual r-ope and 
must be eXlllllinei iRd.ividua1ly. 
Because different inspeetion criteria 
fr-eqooutly apply, so-caIied "HaRmg" 
ropes sboold be !n&peIlted seplifately 
from the "mnning", or operating, 
ropes 011 the same machine or insta1la
tinn. Practicalities may dictate that 
parts of both running and standlng 
ropes be !n&peIlted on tim same trip to 
_ hlsh or inconvenimt location 011 

an installstioll but _-the-less, 
each f&pe _st be givan indi\<Wua1 
a.ttentioll, ani the pertinent ioforma
tinn 011 each rope must be recorded 
separatety. 
It should not be ~ to point 
out, 1mt it must be em~ that a 
proper inspection cannot be msde 
when a wife repe is supporting a lead 
or is in motion. A rope shotdd be 
"reiaxed and at rest" duriag the in
speetien. An exceptioll migHt be 
ceFtain types of conveyor and tranrway 
ropes. 

Several tools are useful in inspections. 
These ineinde: 

An awi and a marlin spike. 
'A caliper. 
A steel tape. 
Two l!I'oove gauges. 
Chalk. 
Wiping ctoths. 
Pcftcll, paper alld ilar1mn paper. ; 

The manufacturers hIIIItflbook or Oper
ator's Manual for tim machine involved, 
and copies of pertinent governmantal 
and_other inspection criteria and speo
ifinatinns are also usefld. 

A Pl'optrr i»spectfo-n requires Ike preper t_1s, tlte 
ptrrlment criteria. for evalw/ing the rope, tmJI -an 
atifl:qua:te fWIn fer recOFtiing the findings to provltifl: 
a pefmaMnt rectH!fi. • 
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End Attachments 
All and attaciunents lurve 000 clw'ae
terlstk in common: all restde!, to 
some degree, the fre!! __ nl "f 
~ at the and "r the fl>pe. T:his 1m
paimlent I>f the ability of wires to 
adjust and _ 'at the and can ulti
mately rasult in b~ of wires at 
the point where reatrlction occurs. 
Thus, !>roMa wires are'j! prlmary COIl

cern when lnspectitlg eIld atta.:bmeats 
. on a rope. A slnSIe brok!en wire is 
usually _ 16 q!!estton continued 
use "f the ll>pe. and more thea one is 
usually suffrcieat cause for rejectina. 
Brokea wires may be more dlffNruit to 
locate at eIld fJttlngs thea in other 
_titlm of rope. An awl used to pl£k: 

and probe at tbe point where strands 
eater the end attachment can oflea 
expose broken wires not otberwise 
visi1lle. 
Aaotber problem frequlllltly _B
tered at end fittlnp is corrosion or 
rust. SUCh corrosion can easily COil

ooal brok!en wires, aad if left to accu
mulate can erode the surfaee of Wirea 
to weaken them, or can r~t normal 
wire movement. 
Inspection of rope onlle should also 
include the condititla of the actual 
attaehmetit' - worn eyes, missing thim
bles, bent or "opened" heeks, worn 
clevis pins, and so on. 

Measuring Diameter 

Every perio<lle inspectioa must include 
diuneter measurement at ctitlcal 
points - and recording of measure
ments for fltture eompamons. 
Most inspeatton staadards are specifIC 
Of! p~bIe I'CdUctitlm in dJame.ter, 
and the criteriA for the installstitln aud 
illdltltry invulved should be known by 
the inspec16r before starting to take 
mea_ements. 
Measti.rements are proper. ouly when 
made _ the "crowns" of rope 
strands, so that the tr1te dJame.ter is the 
wldeat diameter at any given point oa 
the rope. Always fotate the caliper on 

the rope - or the rope inside the 
caliper - to take a measurement. 
Redtu:titlm in dinmeter are _d by 
several fllGtors, inclnditlg: 
Initial "N-Dt;>wa" All ropes are 
manufacll1ifed Jerger thea nominal di
ameter. \l!Iren Wlaced in operation the . 
rust time, strande of anew, unused, 
rope wIll "seat in", aud the dlametsr· 
wIll be "pulled <lown" frolll its orlginaI 
ttiameter. T:hemore. the first measure:. 
IlIeIits shOfIId be made and recorded 

Measuring Rope Lay 
On!! rope lay ill the leagth along the 
~ which a sintle strand requhes te 
make one complete spiral, or "turn", 
aroond the cere. It is an engineering 
facter in the design of a rope, and is 
carefl<Hy coatrelled during IlIeIiIi" 
facture. 
Since there is often some "adjuatment" 
In rope lay during the initial "bres.It-in" 

stages of It rope's WllI!l6, it is recom
mended that rope lay me_eats 
shOfIId be made after the iIlitialloacf.. 
in;lI. for compa~a purpous at 
SlleCeeditl& perindlc itlspectiollS. 
~ for measuring rope lay is 
with ordlreuy oarbon paper, bIar!k 
white paper and a peru:iI. Finlily luIld 
the peper and _bon Of! tbe rope and 

suspected when a suddeli or signif~ 
diameter reductioa is notcid, and If 
possible, an internal rope exarulnatlun 
should be made. 

Lang Lay 

T1IiI pictun nmttlatet 6>:25 tw /Ikm-. 
.rtrwction wire FefJt!I with -f«i:e _IV 
(tm1y) 0/1/3 the tmUT wire tlitmtetl!l'. 
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How O~eD to Inspect 
Quite abviway, tile greater tile _III' 
a rQpe I'IlClIives, the more often irupeo
tiells woltld be indicated. Typical 
OeGI!pational Safety and Health Ailt 
(OOf1A) regulations state: 

"A thorough lnSpootion of all 
rQpeS shall be made ai.least once 
a month and a full wrRten, dated, 
and signed report of fQpe condl
lien kept 00 flIe where readily 
available." 

00f1A Specifroalien 1926.602 refers 
tn Power Cr_ and Exeavator Stand
ards f9£ material handling equipment 
as fqj[ows, regarding willi rope irupeo-

'Critical' Points 
There are certain points ~ any 
gMm rope whlch shoold receive more 
attention than others, slnee some areas 
will ~ be su&j:eeted tn greater 
lItternal stI'e88ea, or *0 greater external 
forces and hazards. 
Carefally seleet tile most crith:al polItta 

~ . for dose inspection -: polItts where 
failure wooW be most likely to O«IIr. 
The same critieal pol!tta en eaeh In.. 
stallatlltn should be ~ st eaeh 
suceeeding insplIctJnn. 
CtitJeal pol!tta whicl\ shoold be consld
ered far caroM inspection on most In.. 
riallations wouldlnclade tile following: 
I'ic:k~inta - These are sections of 
rope ~ are repeatedly placed l<ader I 

meSli when the initlaI road of eaeh tift 
is appllad - SI1Ch lIS those sectl6ns in 
contact with sh_ 
BOO. AU~enta - At eaehend of !be 
rQpe, two tIlinp most be inspected: 
tile fUllng thst is attadied to tile ~ 
or to whicl\ tile rope is aftadied ••• 
and the conGitinn of tile rope itself, 
where it enters tile attachment. 
~Shea_ - The sectiOli ofa 
~ is in contaet with and 
adjacent to such sheaves, as on boom 
hoist lines, should receive careful in. 
spectinn. 
Dmn:rs - The pmeral oonditinn of !be 
drum, and eonditiOll of lVooves if !be 
drum is grooved, shoold receive earefat 
inspestinn as should !be manner in 
whil:h!be rope "spooti' onto the drum. 
~ Bvety sheave lit the rope 
system mtmt be inspected and chec:l!ied 
with a 111'- gauge. 

tinns(3.2.1.2): 
"A:ll wire rQpes in active seMee 
should be vIswtIIy iMpeeted once 
eaeb working day. A thorough 
inspeetiOll of such rQpeS shoold 
be IJIaIIiI at least _ a month 
and dated records kept as to rope 
conditiOlls. " 

The OSf1A reguistlltns fur overhead 
arid gantt}' er_ states: 

"InspectiOll procedltre for 11£_ 
in regular seMee is divided iftto 
two pneral cIasalI'lCatiOlls based 
upon the intervals a t which 
inspeetinn shoold be perfon:n. 

Heat flxpo_ - Be espeeiaIIy watch
!'iii tor signs ilia! II rope has been sub
jected to extrente hasl, or to repetitive 
heat ellipoo!l!'ll. 
Abnse Points - Preqttently fQpeS are 
su&j:eeted to 'abnomla!. seuffmg and 
soraping, such as eootacf with etoSll

members of a boom.. Loot for "bright" 
spots. 

cd • • • desipted as 'fleqUflnt' 
and 'perMIW with respective 
intervalsbstween inspeetions ••• 
(a) Frequent in~ - daily 
to monthly lIttervals. (b) Periodic 
inspectiOll - I to ll-rnooth 
intervals. .. 

The foregoing woold _ to umlat
score tile wisdom of many maebIne _8 wile insist on a daily or work
shift, vtsual inspeetinn of all !be ele
ments in a wire rope system. The 
00f1A Replatinns, however, are spe
cific with reference to written and 
~ reports 011 thmollgh, perindie 
inspeelinns. 

It must be kept in mind thst miOIIr -
and freqllently majGr diff __ 
exist betweeo insraIintiOlls, _n on 
machines of a similar desiga. Therefore, 
points 00 eaeh rope selected for close 
elllllllinatiOll will_iIy requlre !be 
best judpment of !be inspector. 



FAILURE MODES EFFECT ANALYSIS 
November 3, 2008 
Page 24 of65 

ILLUSTRATION WIRE ROPE 4.0 

MakjD~ an Internal Rope Examination 
Anytime intlnior d_ •• brok1!ll wlte$ 
Or core failnre may be suspected, a 
_Hoo of rope should be opelled for 
intefIUII examination. 'This may be 
acoom,Ushed \ritmmt destroylnf! the 
rope's future use£uiallss.if due carll 11I 
exerc!sOO an<i wi_are 1101 kinked or 
lIOIehed. 
A rope call be 0J?CIIe4 for intefIUIIlfl.. 
spec!ion oaly wIJea oomp!etely fIdu.-
00. Using due care, "work" a marlin 
spike beneath two at_ds and rotate 
the spike to expose the core 11114 
"WIder" side of stnmas. Use lII1aw! to 

To open a rope, I_r( _I,n 
spike benettfh _ stnmm IU14 
rotete to 11ft #Ff1nm and prt>.ide 
.itw 0/ int"""'. 

[IfObe for broken wires and examine 
!Mer mrf_s. 
If the rope has an independent wire 
rope oore, faok for broken wires on 
the "under" sides of strands where the 
stnmds eontact the lWl«:. Look for 
6X<less'ive "nfeks" or broken wlte$ in 
the stran<is caused by eolltent betweell 
a.cent strands or with l'IVRC. J:!xam.. 
me the IftC for hrok\U1 wfres also. 
III the case of fiber core r.., examine 
the core fer excessi:ve breakage ef 
fibers. If sIlort p!eoes liff fiber - fess 
than 1/4 inch loog - sift oot of the 

core, it is breaking up. Such short, 
broken fiben _times II1dlcate the 
repe is being over-leaded, pinched 111 
tigbt sheaves, or ~oted to other 
abuse. 
If a rope has been opened properlr and 
oaretUlIy - an4 lnII1f1U11 oooditll1n d&es 
IlOl shew ealiSe fur rIlfnO\tal - strands 
CIII1 be mturaedto their or!gimIl work
ing pesitll1na widlGut distGrting the 
rope or impiliring fll1llre liSeM_ 

Broken wires ill the lWltC _ II(}( 

tliScernttlAe from ""terililr "ilCam/netioll 
of the TOpe. 

Inspecting Sheaves A llhe!rIe lJatfly CQ~t"tl l1y the 
rope" "print~ tlC81Ul.tioIIwitWJit cWild 
serililtllly ~ the wire repe. 

Almost every rope II1l1ta11atloll has one 
or more sheaves - WIf!ing from travel
ing blucks with compliGated reeving 
pattemll to equalizing sheaves wltere 
oaly mII1lmel rope __ nt is IIOf.ioo.. 

able. Haeh sheave ~ rooeiNe an 
buitvid~&l examln3tlefl at perilGdic 
inspectiofls. 
Bsch shesve is to be examined for the 
fc!lowing: 

- Groove ifeptlt, wItttll an<i COl!-

tour. 
- Groove SOtOOlhness. 
- Broken or ~d flmlges. 
- Craoks 111 hobs, spokes, etc. 

- Sign" of rope COn tlle t with 
guards. 
SlIoove bearings and shsft. 

- Ottt-of..-wed condltmn. 
AIlgnment with other sheaves. 

Assessing the geJterlll physical _di
tion liff a sheave - groove _thness, 
freedem from cracks and "knfeks", ex
~noe of wear Oft guards, etc. - Is a 
matter of careful, knowledgeable 
obsemttlon. 
Properly p!r,ing and evaluating the 
wfdth, ifepth and eontour of grooves 
with a groove gauge requires keen 
observation as wei as kmllriedge of 
gange demgn and !l.Se. 
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"strake" with the side of the pencil, 
se the rope's "prl1l't" is mado on the 
paper. 
By drawing a line throu311 one strand 
of the "pmt", counting off the IIWII
her of strands in the .epe and then 
drawing another lma on the print 
at the p!aee wIIere P,le same strand 
appears again, a _~nt is estab
~d. 
Many Inspeetod have foond tltat a 
cmyan or marking stWc and a roll of 
adding maenma tape are idHl Cor mak
Ing a "punt" at leaat three repe lays 
long - se that an avera. lay length 
ClIft be determined. 
Cll. ... in Ieqtll of lay are usually 

gradlHll thrw3ll0ll t the working life of 
a rope. It is Important to compare 
current lay _re_au with pre
vious inspeI:tion r-':u to aote any 
~ eIlanges - for an abrupt change 
in tlte pattern can be tlte sIpaI. of an 
Impeadinr; problem. 

As a rule. Ifteqtltenlng of lay is not4ld 
WITH ioss of lope diamltter, intemal 
brcak-up or core deatnlet1en sltOllld he 
suspected. 

When IeqtIlenIng of lay is aoted 
WITIfOUT less of rope diameter. tlte 
rope is probably "unlayior;" for _ 
reason, andfllrtl1er examinatJnn sltOllld 
he made for the cause. 

Findin8 Broken Wires 
Probably the most eommon sir;!!. of 
rope deterioration and approaeblllg 
failure Is braken wires, and inspeetlon 
cr.t4lGa are specific as to the nwnber of 
broken wires aliowable onder var:i9llS 

circumstances. 
It is normaIfor a properly desir;ned and 
nsed "running", Of eperllt!or;, rope to 
ellhibit broken wires as it approaches 
tlte end of its useful life. Under ideal 
conditions, the tim wires to break 
WGIIld be the outside wires at the 
crowns of tlte strands where surface 
wear is expected to occur. On "atand
ing" ropes, wire brcakar;e may not be 
se easily observed. 

It is Important tltat a dPir;ent _eIt be 
made for brokel1 wires, partlcularly in 
cfitlcaI areas suelt as "pick-up peints" 
wIIere stresses are c_trated. 
The flfst step in tooking for broken 
wires is to make sure the surface is 
clean enough that breaks can he seel1. 
Wipe with It elntl1. If necessary. scoor 
witlt a wire brush ttl cleal1 "ease tram 
the valleys between ruands. 
A thoroo311 searclt for brokel1 wires 
canAOt be made when It rope is in 
tension or is supportinr; a load. Relax 
the rope, move "pick-up points" off 
sheaves, and flex the rope as much as 
pessible. 

Number of broke1l wire. lf6rmittBtl per smmti 111 011£ rone 
u." it IfHClfIBtI in inrpectin1l criteria for !'lICit U1ftlge. 

UnleyillC _times results from epe1'" 
alinr; a rope without having boflt ends 
_red to prevent rotation. An end 
swivel attachment perrults such rola
tion snd unlll)'lng. 
Another c_ cause of onIayinr; is 
worn sIleIIves. 'lVben the bottom of It 
sheave 8I'oove wears. it ClIft restrict 
normal _nt as tlte repe enters 
snd leaves the groove; the result can he 
a buIId-up of twist which cau chllnr;e 
the IeqtIl of lity. 
Whatever the cause, ul1layior; is an 
abnormality, and sIt9IIId be noted for 
larue reference if the innnediste cause 
ClIftI10t be determined. 

Witlt a sItarp awl, pick snd probe 
hetween wires and strands, lifting any 
wires which appear loose or move 
excessively. 
If you fmd a nurober of broken wires 
approacltlllg the maximtlDl allowable 
pel'fl1itted per strand or per rope lay, 
extend tlte search to otIter sections of 
the rope, and also take diametor and 
lay measurements in the area. If inter
nal wire breaks or core damage are 
sUspected. an internal examination 
sItouid be made, if possible. 

lJ1Ider ideal i11UI. 1Iomuzl CtJndltW1II', wi,,,,, shuulrl Nl!4k first on tile 
""0_ <If _ ...... 118 in thilr 
elt1I8ic ",.:tZlt/pie of a wern out mpe. 
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'!'here are two lypes of wire rope 
groove fII11IeS: 

1. 'Tho$ use4 by _lIfacture" of 
sheaves and drn!m, which make 
aHowllnee feu the mu.imltm 
aJmwalMe ovel'llize for wire rope, 
and are used te determine the 
proper cenWlir fO!' NEW IIfGO«eS. 

2. TItose used H' . the field", which 
are mm to 'a; ~mat d\am. 

ete! of the rope PLUS one-Iwdf 
tbe allowable rope oversize. 
These are used to detecmine the 
MlNIMtlM condition for WOliN 
grooves. ' 

Ia II f'mld ~ when the gaLlge 
for worn 1If.00- fila perfootly. the 
lIfoove is at the mioimLIm pemlilist'bJe 
contoor. AnytlUng narrower is tIIISWt
lIb1e for ute. 
It is a good rule to keep in mind tbJtt, 
under IlQfIIIIIl oper'ling comIitions, III 
II 1If- wean it tends to became 
~ and narrOwer. lixces$ive wellf 
in an over-wlifth manner frequently 
indicates some operating abuormali:ly 
sueh III allprue!lt. 
Sheave inspectino sIlotdd aiao inel:ude 
the cofllfitino of bearinga and aIm£t. 
With the rope "relaxed", the sheave 
should be rotated by hand to deter
mine the "fit" of the· bearing and 
eff~ of its lulmeatino •.• 
whether the sheave mas true, without 
"wobbling" OIl ib shaft • • • whether 
the bottem of the. groove Is still can
centric, or "round» in relutino to the 
shsft ••• and whethec the sheave and 
its shsf't are in proper ~nt with 
othec sheaves or oompoueut. of tbe 
system. 

Raeh .Mtive in " multiple block u to 
H ex4llfiluld indWiduaily at each perl
otlic inspection. 

Evaluaiinc Drums 

'siren thmtP Ire", ti_ ~ fJl'6peFl) folkl.w ~ CORtotm, when 
wed lide-ey...idiJ tkey indicate 1fT'0000e. IilTe too dOle. TWo gtlugel whieh 

. overil:lp in this ma_ Te'IIeaI that Iif11'tlpl of,_ wI1lse:rub when o:pooiing 
on to 01 off the drum. 

. A prep.r jltting sheave groove shof4id 
support th. Fope 0""1' 135-158 degr.", 
of rope circumf_nce, 

Oblerve the groove 10 that it mil)I H 
clearly leen whether th contour of 
th grJUfpI matches the eontO"T of the 
bottom of the groove. 

hu,e.:tloll criteda for drams wUi 
usually speoII'y the ftnlowing: 

IlfiniImuII wmber of dead wraps 
to remain 00 the drum. 

- Cooditioo of drum lItOOveB, if a 
~ drum, and the surface of 
a SIIlQQtb dtum. 

- Couditien of ftanges at the ends 
of the drum. 

- Rope eull at~nt. 
- Spooling t:ilara.:te!1stica of the 

ropr. 
- Ilope condition, partic!<laRy at 

"pick-up points" 00 .the ropr. 
There is wide lICCeptatlce of the feliow
inti pidelines for che£Idna drums aM 
drum openticn. 
GROOvas should be of PC.' een
lOLlI, and ~ with a aroove gaege 
if normal t~ apply. Jik>ttoms 
of 1If6€Wc& sheuld be smt><:Jtb.; drums 
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that ooeome imprmted with tOO rope's 
"wad", or exeenively rOllghened, 
sl'l&ldd b"c corrected or replaced. 
Grooves sh0lIkt 00 sp_d so one wrap 
of rope does not "SCClIb" tOO next 
wrap as It spools onto fue drum. 
SPOOLING is tOOt cl'laracteristiG of a 
rope whiih affeets how it wraps onto 
and off a if<lIm. ~ing Is affected 
by the care and ¢ilf wifu wbich tOO 

rnst layer of wraps is applied on drlIms 
with two or m&re layers. Wraps sI'IOliId 
00 tight, and a loose cOfldruon "1lIIIIt 00 
oorreeted. It is inlportant to examine 
a rope for kinIc:s or other dal:nase when 
loose or irregylar spooling baa ooen 
observed. 
[)RUM CI!UJ~HtNG ia a rope oondition 
somethnes observed which !ndicam 
deteriwatlOli of tOO rope. Sometimes 

How to Use Inspection Forms 

These forms were prepered te serve 
as a gUide for makIng thorough 
perIodic examinatioos of single wire 
ropes and serve as a ~t roeord 
of tOO inspection. One form sI'IolIld 
be liSed for each rope at each such 
ill1lpeCttell. 
BlIfore beginning an examination of an 
installatlOfl, flU in tOO blank spaces at 

tOO top of fue form. These identify tOO 
~ or instalIation,lts owner;looa
lion, dete, etc. 
"Rope AppHcatlon" refers to the 
apeeiflc uage of' the rope •.. sud! as 
"Main Hoist", or "Boom Pendent", or 
"Boom Hoist". 
After ''Rope Deacription", flU In the 
djameter, construction, type, etc •••• 

crusItlng Is inevitable on a given drum 
wmdil!g, as is def0rmation of tOO wires 
in tOO rope, lISU8lIy descrihed as peen
ing. CrlIsI'Iing and peening affect rope 
performance insofar as these _<Ii
tlons impair adimtment of wires in tOO 
rope and danrage tOO wires themselves. 
Whenobservel!, either eondition sl'loold 
be noted and careful evainatinn of 
rope made. 

sud! as IIn.tix2S FWPRF RLL XII> 
tWltC. 
After "Manlifaeterer's Ideal. No. ", In
sert data which will ~ly identify 
thia rope • • • preferably the mlIll. 
facterer's "reel number" whiih Iden~i
rml tOO reel from whiih fue rope WllS 

takefl. The ma~'s original pur
chaae invulee or the shipping reel tag 
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-ny t:mie$ this ntIlltIm-. 
The .. AppIiIIaIJle Stamfard:," refer to 
that set oJ inspection criteria applica
ble to this instaItatlon whitk can be 
f_d in llta!tdIlrdi and ~tinns ••• 
$\Ilih as ANSI B39.2 for Overhead &. 
Gantry Cta_ or Fedem RegubtiollS 
such as OSllA. 
It is the inst;Iector'. responsibility to 
obtsin the proper.inspeetion criteria 
for the applieatWn ~ be imlpeet~. 
At the column headillllS to the right of 
the words "Cnleria' for . Removal", 
space Is provided for the inspector to 
(ill in speeifle criteria pertaining to 
each commn. Two of these headings 
_ fdied in with criteria appliesble to 
~ wire rope instaliatinllS - "1/3 of 
oatside wire diameter" Is the maximum 
wear per!llissibte. One (1) broken wire 
Is the _1mlHn nllSl1ber permissillle 
at ene attlillhments. Fill the other 
blank spaces with dita taken from the 
proper set of criteria for the madtine 
involved. 
A blank column Is pro¥ided f"Of in
spect{)f's use if it Is desirsble to cheek 
lilly other fmor whitk Is not Iistod 
011 tills form.. 
At the time of each inspeetinn of an 
installation, refer back: to preVious in
spection records to detornUne loca
tioIIS on each rope whitk sIIould be 
inspected. If the iostallatkm bas not 
pr~ had a thorough'inspeetion, 
soond judgement sIwuId be used in 
selecting these l"Oeations. "Critical 
Points" shoald be given fIrSt oonsiti
eration. 

The same locatiollS on each rope 
should be examined _efoIIy at each 
_~g imlpeetinn 110 that rope 
diameter, lay, etc., may be eomparcd 
to previous _ts in order to 
detect chanze ia the rope GOIlditinn. 
Sudden OOanzes in condition may indi
cate deterinration. 
At each inspection It>eatlon on a rope, 
eiosn the rope sut'fil:ilen.tIy to be able 
to fwi broken wires &ad to toke pre
cise measarlHnenh. To be useful. 
__ ts must be accura·te. 

For each inst;Iectkm laeation selected 
on each rope, describe 011 tbe Inspee
tinn Report the mw;t Iocatinn such 
as "'Boom point sheave at piIlk-up". 
Then, in the order in whitk colunu!s 
are establlsbed on the Report form, 
make the indieatod observatiollS and 
write dawn the lnformatinn: 

1. Measttrll diameter. 
2. Examine for broken wires, (a) in 

one rope lay, and (b) in one 
straad of one rope lay. Wilen a 
broken wire is found, look care
fllUy for others. Record the 
rwmber of breaD in that· rope 
lay where the most breaks are 
found. 

3. At this same I_tioll, inspect 
for exCessive_. 

4. If the ewninetion is being made 
at It rope dead.end. cheek for 
broken wires, oorrosinn &ad c0n
dition of the frttIng. 

5. A lay measurement siteald also 
be taken at the It>eatinn selected 
for imlpeetion. 

6. Examine the entire rope ooG-to
end for eridence of extelinal 
Wurutge or abuse. Wilere datnage 
or abuse Is noted, proeeetl to 
make all the same obsemltiollS 
for this location as at any "res
." inspectinn point. Try to 
detoanine the _t cause of' 
any external Wurutge so that 
"rec_ing" Wurutge may be pre
vented. 

7. Every sheave sbeuld receive a 
thorough examirtlttion and the 
OOI1ditinn recorded. When the 
rope "plck-llp point" is being 
examined at It sh_. the dats 
on the sh_ can be recorded at 
that space on the form.. 

8. Examine &ad record the drum 
conditinn. In a proper inspectinn, 
the drum shnald be observed 
both in operation &ad at rest. in 
order to observe "spooling". 

To provide space for ~ these measuw
ments, fwe horizontal spaces are pro
vided on each J:nspeGtinn Report form. 
Should' these not be snff'lClent for 
extmnely inng ropes, or for any other 
reason. these speoes may be divided 
with horizontal Uncs - or a _d 
form used. 
Wilen all inspection is ~letot1 - or 
bas proceeded far enongk for the 
inspector to decide that rejllctinn Is in 
Older - the form should be SIgned by 
the inspector. eo-nts may also be 
written at the bottt>m, If desired. 
Pederal regubtinllS fequjre that signed 
inspectinn reports most be maintained 
on flIe for aU ropes in active servino. 
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ITEM DESCRIPTION 

The hoist mechanism consists of a drum, hydraulic motor, and load breaking 
system to slow or stop the movement of the load. The hydraulic motor 
rotates the drum either raising or lowering the load with the installed wire 
rope and hook block assembly. 
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HOIST MOTOR COMPONENTS 

The hoist motor provides the means of moving the drum in order to raise and 
lower loads. 

This motor has restricted flow valves and internal planetary gears to control 
lowering and hoisting. There are no single failures in this system. 

Both the hydraulic and electrical systems have circuit breakers and check 
valves that will prevent accidental loss of load if electric or hydraulic 
pressure is lost. 

The component illustrations in this report, while not exact, are similar in 
their makeup and have been submitted to clarify how the hoist motor 
functions. 
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DETAILED DESCRIPTION OF BRAKING SYSTEM 

LIEBHERR HOISTING SYSTEMS 

Liebherr cranes utilize a hydraulically controlled hoist system. Failure of 
anyone single internal component cannot cause loss of load. Power to the 
winch is supplied by an attached hydraulic motor. A combination of 
hydraulic and electrical power must be present or the load will remain 
stationary. The winch uses a disc-type brake that is pressure released. 

The winch engages a sprag clutch to cause a planetary gear system to 
operate the winch in the up or down direction. The sprag clutch cannot 
engage in the absence of pressure. If engine, pump, piping, valve, or 
electrical failure occurs, the sprag clutch will not be engaged, the brake will 
not release, and the hoist and or load will be held stationary. 

The planetary gear system consists of a single gear (sun gear) that powers 
the hoist and drum in the upward direction. In order to lower the load, the 
sprag clutch is engaged to hold a series of free floating or rotating gears 
(planetary gears) in a stationary position. This causes the planetary gears to 
drive the winch drum in the down direction. 

Should the disc-brake fail the load will not move due to the above system. 
The brake provides a holding function and is not intended to provide a 
controlling function. Load control and speed is provided by control valves 
that regulate pressure and flow of the hydraulic fluid. In the event of brake 
failure (while holding the load stationary) the load could not move without 
also having a control valve failure. Due to restricted flow ports or detents, 
the load would lower slowly. While in motion the load is controlled by 
hydraulic pressure in both the up and down positions and the load will 
remain stationary when the operator returns the control lever to the neutral 
position closing the control valve. 

If electrical failure should occur the system will not operate due to the cranes 
load moment indicator. The LMI controls all crane actions and will not 
allow electrically operated pilot valves to open. 
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DETAILED DESCRIPTION OF BRAKING SYSTEM 
LIEBHERR HOISTING SYSTEMS (CONTINUED) 

Should hydraulic lines, piping or pumps fail the loss of pressure and flow 
will render the hoist inoperative. 

Modem hydraulic mobile cranes do not have redundant braking systems 
such as those found on overhead traveling cranes or gantry cranes. The 
design of hydraulic hoist makes them unnecessary. 
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INSPECTION AND ANALYSIS - DRUM & WINCH 
(HOIST) GROUP 

(SINGLE POINT FAILURE) 

Each hoist located on the rear upper superstructure is secured by high 
strength screw caps. Not a single point failure but a visual inspection of the 
screw caps should be done by the crane operator or some other qualified 
person on the lift team during the pre-lift meeting. 
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DRUMS & WINCH (HOIST) ILLUSTRATION 1.0 
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DRUMS & WINCH (HOIST) ILLUSTRATION 2.0 
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BOOM NOSE GROUP 
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ITEM DESCRIPTION 

BOOM NOSE 

The Boom Nose is located at the outer most end of the telescopic boom. The 
standard boom point contains 7 sheaves that can be used for up to 15 parts of 
line. 

The boom nose is also equipped to accept a lattice boom extension. 



FAILURE MODES EFFECT ANALYSIS 
November 3, 2008 
Page 39 of65 

SPECIFICATIONS 

MANUF ACTURER: 

LIEBHERR 

TYPE: 

FIXED 

MULTIPART 

LATTICE EXTENSION COMPATABLE 

CAPACITY: 

250 METRIC TONS 

TWO HOIST LINES 

15 PARTS 
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INSPECTION AND ANALYSIS - UPPER SHAFT 

The upper shaft holds the upper sheave assembly in the boom nose. Failure 
of this shaft will not cause loss of load but will allow the load to drop one to 
two feet. 

This shaft should be visibly inspected by the crane operator, lift coordinator 
and designated person on the N.S.I. staff. 

The inspection should include examination of all guards and pins, checking 
sheaves for vibration or wobble, insuring no unauthorized repair has been 
conducted. Disassembly is not required for this inspection. 
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INSPECTION AND ANALYSIS - LOWER SHAFT 

The lower shaft holds the lower (main) sheave assembly in the Boom Nose. 
Lifts involving multiple "falls" with up to 15 parts can be used with the 
sheave assembly mounted on the lower shaft. Failure of the lower shaft will 
cause loss of load by allowing the lower sheaves to escape the Boom Nose 
and the load cable to unreeve itself. 

The inspection of this shaft should insure that all pins and cable guides are in 
place. Sheaves should tum freely and not exhibit vibration or wobble. The 
boom nose should be free from distortions and not exhibit signs of welding 
modifications or unauthorized repairs. 

A visual inspection of the lower shaft shall be performed during the pre-lift 
meeting by the operator, lift coordinator or designated N.S.I. staff. 
Disassembly is not required. 
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ILLUSTRATION BOOM GROUP 1.0 
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ILLUSTRATION BOOM GROUP 2.0 
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ILLUSTRATION BOOM GROUP 3.0 
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BOOM LIFT GROUP 
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ITEM DESCRIPTION 

BOOM 

The hydraulic boom component of a mobile hydraulic truck crane serves 
several purposes. The boom is cantilever type which consists of several 
telescoping boom sections. The sections are moved inward and outward in a 
designated sequence by means of hydraulic linear actuators (cylinders). The 
boom provides the means to support the load line and hook block over the 
load to be lifted. It also allows the tip height and working radius to be 
adjusted as desired. 
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SPECIFICATIONS 

MANUFACTURER: 

LIEBHERR 

TYPE: 

FIXED 

MULTIPART 

LATTICE EXTENSION COMPATABLE 

CAPACITY: 

250 METRIC TONS 

TWO HOIST LINES 

15 PARTS 
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INSPECTION AND ANALYSIS - BOOM LIFT 
CYLINDER ASSEMBLY 

(MAIN BOOM ASSEMBLY) 

(SINGLE POINT FAILURE) 

The boom lift cylinder assembly is a two way double acting hydraulic ram 
that enables the crane boom to be raised and lowered to a desired angle. 

Should mechanical failure occur in the boom lift cylinder, the boom function 
would stop. Should structural failure occur and the cylinder burst or breaks, 
one section could separate from the other, the boom could fail causing loss 
of load. Should the booms heel pins seize the boom could twist causing 
failure and loss of load. 

A visual inspection of the boom lift cylinder assembly shall be performed 
during the pre-lift meeting by the operator, lift coordinator or designated 
N.S.I. staff. 

Inspection should require a visual examination of the main boom heel pin 
that attaches the boom to the superstructure. The heel pins should not be 
rotating with movement of the boom. Any physical damage visible on the 
outer skin of the boom sections should be compared to manufacturers 
allowed tolerances. 
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INSPECTION AND ANALYSIS - TELESCOPING 
SECTION 

(SINGLE POINT FAILURE) 

This Crane has multiple telescoping sections for the purpose of extending or 
retracting the boom. Structural failure of any boom section will cause loss of 
load. The boom is extended hydraulically and should the hydraulic system 
fail the boom would remain unchanged, except for the unlikely event of a 
hydraulic cylinder structural failure. 

A visual inspection of the boom telescoping section shall be performed 
during the pre-lift meeting by the operator, lift coordinator or designated 
N.S.I. staff. 

The inspection should consist of visually checking to insure all sections are 
telescoping in the manufacturers required sequence, there is no physical 
deterioration to the sections. The boom is straight when deployed at working 
length with no twisting, or leaning of the boom. 
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ILLUSTRATION BOOM LIFT 2.0 
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OUTRIGGER GROUP 
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ITEM DESCRIPTION 

OUTRIGGERS 

The outrigger system uses two stage horizontal beams and vertical jacks to 
level the crane and stabilize the crane by increasing the tipping axis for all 
quadrant of operation. The outrigger system also provides a means to limit 
the ground pressure at each tipping axis. 

The outrigger system on this crane is hydraulically powered. 



FAILURE MODES EFFECT ANALYSIS 
November 3, 2008 
Page 55 of65 

INSPECTION AND ANALYSIS - CYLINDER 
ASSEMBLY 

The cylinder assembly is the vertical jacking portion of the Outrigger 
System. It provides the operator with the means to level and therefore 
stabilize the crane. 

If there is a total structural failure of the cylinder assembly, loss of load 
would occur. 

The inspection should consist of a visual examination of the vertical jacking 
cylinders for defects such as leak down. Outriggers employ a holding valve 
to prevent the jacks from leaking, however if the valve should become 
contaminated the valve could slowly leak down possibly causing a tipping 
condition and loss of load. Jacks should be centered and pin to the outrigger 
pads. Insure that all pads are supported over 100 % of the pad area or span 
loading could occur causing the pads to fail at 50% capacity. 

A visual inspection of the cylinder assembly shall be performed during the 
pre-lift meeting by the operator, lift coordinator or designated N.S.I. staff. 
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INSPECTION AND ANALYSIS - OUTRIGGER 
BEAM ASSEMBLY 

The beam assembly is hydraulically powered and extends out away from the 
crane carrier. This provides greater stability while lifting loads. 

If there is a total failure in the beam assembly loss of load will occur. 

The inspection should consist of insuring that there are no structural defects 
to the beams such as cracked welds, bending, or twisting of the beams. Close 
attention should be paid to the beam housing for diagonal cracks due to 
structural overloading. 

A visual inspection of the outrigger beam assembly shall be performed 
during the pre-lift meeting by the operator, lift coordinator or designated 
N.S.I. staff. 
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ILLUSTRATION OUTRIGGER 1.0 
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ILLUSTRATION OUTRIGGER 2.0 
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ILLUSTRATION OUTRIGGER 3.0 
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ITEM DESCRIPTION 

ENGINE 

Hydraulic Pressure and Electrical Power are provided through hydraulic 
pumps and electrical generators which are driven by the cranes diesel 
engme. 

Should total engine failure occur all action will be stopped and the load will 
remain stationary until engine power is restored? 

No loss of load will occur should engine power be lost. 
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SPECIFICATIONS 

MANUF ACTURER: 

WERKNR 

TYPE: 

DIESEL 

INTERNAL COMBUSTION 
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ILLUSTRATION ENGINE 001 
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ITEM DESCRIPTION 

ELECTRICAL SYSTEM 

The Electrical System of the crane works in conjunction with the hydraulic 
system. Each action requires both hydraulic and electrical activation. No 
single item will cause loss of load. 

If a particular electrical component should fail, that particular function 
would stop. 


