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HH
F REPEAT STEPS "A' THRU "E' WITH YOKE POSITIONED 90° FROM
THE ORIGINAL POSITION HH
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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.

Ty M Fe
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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

% 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.

M-S 46 e
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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
coordinator and designated persons during the pre lift meeting for any
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.

NS R
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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
be inspected visually by the operator, mechanic, lift coordinator or
designated N.S.I. staff. The hook block inspection should consist of looking
I for excessive sheave wobble, binding or bearing failure.

oy § Ny F w72/
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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.

wéwzgi 1- %0
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ILLUSTRATION HOOK 1.0

BECKET-WEDGE OR
SOCKET CONNECT POINT

THROUGH SHAFT

SHANK NUT
TRUNNION
HOOK
| Avtiel Haiige Berslchaung
1 252008 7 SEHRCLLEKPL. ROPE PULLEY COMPL.
~> 314004 925203408
R...TIR5NR % SELROMEANSTRKB PAG SPERR2IIAA .. eeec e ROPERUILEY.,
3 esoNets 7 WAELZAGER Woktse - ROLLER BEARING
4 R0 4 KLAPPSTECKER B2 LINCHPN
5. S A o i BOPEQLAD
6 E7T17 16408 2 SELBCHITZRAL ROPE GUARD
1 SIS0 2 SICHERUNGSFALLE BAFETY-LATCH
8. SL19ARR. 2 SEITENBLEGH, PLMTE
3 571905108 i ACHSE AXLE

4028
914401608
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ILLUSTRATION HOOK 2.0

SEIZING AND CUTTING

Because Rotation Resistant Ropes can be difficult to
WMWMR%WM that all

FotationResistant Ropesbe tightly seizedwithwire, strand
artape orwetéedbeimeaﬂang utsmmﬂamma

fctseiziﬁgandwd'wgwesmn m&mdetaﬂbem
Endurance 35L.8 and Dyform-34LR should have welded

EFORMED

Rotation Resistant Ropes are special ropes and are pro-
duced with speciat manufaciuring techniques to meet allof
therequired operalting parameters of the ropes. Toprevent
confusion as to which are preformed, partially preformed
and non-preformed, Bridon American attaches a warning
tag on all Rotation Resistant Ropes to indicate that they
ol vy be properly selzed wieh cut.

mmmmmmmmm

WELDED ENDS

A welded rope end can facilitate the installation of a
RotationyResistant Rope inawedge socket. Awsldedrope
endcombined with atail ofless than 20 rope diameters.can
cwmempeeﬁstefm ammmm&m a
welded end is acceptabie

BRIDON AMERICAN

TALLATION

Rotation Resistant Ropes must have properly seized, or
welded ends. They mustbeinstaliedwithoutinducing twist
ortum. They mustnotbe kinked, and they must have the
proper tail length at the wedge socket.

All Rotation Resistant Flopes can be used with standard
wedge sockets. Certain precautions must be taken. All
Rotation Resistant Ropes should be tightly seized with
wire, strand or tape; or welded to-prevent iossofmpelay
atthedeadend. Lossof rope lay willchange the operating

mmmmmmmmh@hwmm
rope distortion,

The dead end should be a minimum length of 20 rope
diameters for alf Rotation Resistant Ropes. Awire roepe clip
may be attached to the dead-end.

mmzammtsmwmm
dead ended into a swivel. The mulliple strand Rotation
Rmmﬁw%asmm%mmsn&m
35LS may be used with a swivel in any applicall
mmmmmhmmm
cause imbalance and a reduction in strength. Under a
shock load or overload condition, the strength of these
ropes can be reduced as much as 50%.
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ILLUSTRATION HOOK 3.0

END FITTINGS FOR WIRE ROPE
AND STRUCTURAL STRAND
Sockets

Table of Dimensions

Strand P
oiamete |oumees | A |8 |8 | R E LR TR A & || 8 |

Ve Yeh% | 3 2% | 1% 6% | 2w | 1% | th | 1% Yig | 2% | 1% 3.8
Y &% % 3% | 3 e | el 2% | W2 | W | 1% % 2% | 1% 6.0
Wk Y% | % 4 3% | 1% 9% 3% | u | 1% 134 % 3% | 1% 0.0
e &% 1 4% | 4 | 2% | %] 3% | 2 1% % | 3% |2 150
bt 1% | 5 4 | e | WY 4 | 2% | 2 1 4% | 2% 230
WeB 14| 1h81%| 5% | 5 | 2| 18% | 4% | 2% | 2% % 4% | 2% | 320
e ki%| 1% 8 6 | 3% | 15% | 5w |3 2% e | 5% | 2% 47.0
ek ! 1% 6% | 6% | 3% | 18% |3 s | 5% | 3 56.0
8 1% &% | TR | 7 | 3w | 8% 3% | 3% he | 6% | 3% 85.0

Y‘%g 7 3% 125.0
2% T% | 4% 165.0

5%
T8 1% 282% | 8% | 9 | 4 2% | 7% | 4% | 3%
T &1l | 2V &2% | 8 | 10 | 4 | 23% | B% | 4% | 4

5% | 9% | % | 4%

°|=l32 2|2 2" (| g 2l

1e2% [ 2% 82% | 9% | 10% | 5 | 2% 8% | 4% 2520
2%e2Ue | 2% &2% | 1 1 5% | 27% | 10% | 4% | 4% 2% 9 5 315.0
2% 8&2% | 3&3% | 12 1% | 5% | 29 i | 5% | 5% 3 9 | 5% 380:0
2V &2%% | I &3% | 13 1% | 6% | 30% | 12% | 5% | 5% 3% | 10 5% 434.0
383% |3%&3% | 14 12% | 6% | 33w | 13 6 | 6% 3% | 10% | 6 563.0
3%3% | 3%4 | 15 13% | 7% | 96% | 14% | 7 T 3% [ 12w | 7 783.0
3%-4 . 16 15 7% | 3% | 5% | 8% | 7% 3% | 14 7% | 1018.0
443 17 5% | 8% | 41% | 16% | 9 8% 4 | 15% | 8w | 11860

*Larger sizes avalfuble onrequost,
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ILLUSTRATION HOOK 4.0

Artike! Buwichnung
os.  |ltem Guamllly | Bescrighion Serte
1 Trassme0s 1 SERAOLE ROPE PULLEY
2 TAE500608 1 WAELZUAGER 160X210%80 BOLLER BEARING
2. 808 2 SRHERUNGSEING 20 IN.ATY FOCKNG RS

3104004
925203408
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ILLUSTRATION HOOK 5.0

A ™ 5 -
- Pos. Hemy Caanilly  Deseription

1 288180108 1 SEILROCLE RDS0OXE0 PASG FOPE PULLEY

2 TA5L49808 2 RILENKUGELLAGER 8216-2R8 DIN 625 GROOVED BALL BEARNG

3553002

=}
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ILLUSTRATION HOOK 6.0

As a rope is run through a groove, both become smaller, A used
groove can be too smallfor a new rope; thus accelerating rope
wear. A compromiise betweeri rope Hife and machining
frequency must be made.

tmproper

Calculating Drum Capacity
A
1 ,,

]

The length of rope that can be wound on
a drum o reel may be calculated as
follows. L = the length-of ropein feet. All
other dimensions are in.inches.
L=(A+DxAxBxK

K= Constant obtained by dividing .2618 by

the square of the actual rope diameter.
Values of K
T | ok | B o«
14 3.29 1118 Aot
516" | 2.21 117147 152
s 1.58 18187 427
me" | 1.19 112" 107
e 928 15/8" 0886
a6 741 134" 0770
5i8" 807 178" 0875
34" 428 2 0597
7B 308 2 18" 0632
1" .238 2 14" 0478
A= H-D_ pesiredel ininch
2

B = Taverse ininches.
D = Barrsl Diameter in inches,
H = Flange Diameter ininches,
L = Repelength infest.
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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
caging.

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.I. staff.

\!\BMZS), H-08 - f:;fi'/(
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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 IWRCFS 3.5:1
8 X 19 IWRCFS 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

[wn-mco

wwel |

WIRE ROPE CORPORATION OF AMERICA, INC., ST. JOSEPH, MO.

REPORT NO. 107

Periodic inspections of wire ropes in
use are necessary for one very impor-
tant reason: Wire rope is a “consumed”
item, It is literally “used up” as it is
used, and gradually loses strength dur-
inig its useful life.

‘Fhe purpose of an inspection, then, is
simply to ascertain — insofar as may be
possible — whether a wire rope retains
sufficient capability to perform the
work to'be dene before the next sched-
uled inspecti

That regular inspections are required
by certain governmental regulations is,
in a sense, of secondary importance —
since the need to perform such iﬁ@
tions would exist anyway.

But the government does require ma-
chine owners andfor users to conduct
regular, proper inspections, and to
keep written records of such inspec-
tions . . . and the burden of this. re-
quirement is upon the ownerfuser,
Probably the primary rule to follow in
conducting a wire rope inspection on
any typical machine or piece of equip-
ment is that each wire rope must be
considered individually.

This individual treatment is particular-
ly important when inspecting so-called
“standing” ropes — those which are
primarily supporting, or structrual,
members. For example, the pendants
which support long crane booms are
frequently made up of several sections,
each of which is an individual rope and
must be examined individually,
Because different inspection eriteria
frequently apply, so-called “standing”
ropes should be inspected separately
from the “munning”, or operating,
ropes on the same machine or installa-
tion. Practicalities may dictate that
parts of both running and standing
ropes be inspected on the same trip to
some high or inconvenient location on

ROPE INSPECTION

an installation — but never-the-less,
each rope mwust be given individual
attention, and the pertinent informa-
tion on each rope must be recorded
separately. )

it should not be necessary to point
out, but it nust be emphasized, that 2
proper inspection cannot be made
when a wire rope is supporting a Joad
or is in motion. A rope should be
“relaxed and at rest” during the in
spection. An exception might be
certain types of conveyor and tramway
ropes.

A p . "

the ,,7 3

a permanent record.,

( pec q r tools, the
rtinent eriteria for evaluating the rope, and. an
adequate form for recording the findings to provide

Several tools are useful in inspections,
These include:
An awl and a marlin spike.
*A caliper.
A steel tape.
Two groove gauges.
Chatk.

Wiping cloths,

Pencil, paper and carbon paper,
The manufacturer’s handbook or Oper-
ator’s Manual for the machine involved,
and copies of pertinent governmental
and, other inspection criteria and spec-
ifications are also useful,
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ILLUSTRATION WIRE ROPE 2.0

End Attachments

All end attachments have one charac-
teristic in common: all restrct, to
some degree, the free movement of
wires at the end of the rope, This im-
panm&ntofﬂumbﬂ;ty of wires to
adjust and move 4t the end can ulti-
mately result in breakage of wires at
the point where restriction oceurs,
Thus, broken wires are a primary con-
cern when inspecting end attachments
.on a rope, A single broken wire is
usually reason to question centinued
use of the rope, and more than one is
usually sufficient cause for rejection,
Broken wires may be more difficult to
locate at end fittings than in other
sections of rope, An awl used to pick

and probe at the point whese strands
enter the end attachment can often
expose broken wires not otherwise
visibile,

Another problem frequently encoun-
tered at end fittings is corrosion or
rust. Such corrosion can easily cone
ceal broken wires, and if left to accu-
mulate can erode the surface of wires
to weaken them, or can restrict normal
wire movement,

Inspection of rope ends should also
include the condition of the actual
attachment — wom eyes, missing thim-
bles, bent or “epened” hooks, worn
clevis pins, and so on,

Measuring Diameter

Every periodic inspection must include
diameter measurement at critical
points — and recording of measure
ments for future comparsions.

Most inspection standards are specific
on permissable reductions in diameter,
and the criteria for the installation and
industry invelved should be known by
the inspector before starting to take
measursments,

Meanirements are proper only when
made across the “crowns” of rope
strands, so that the true diameter is the
widest diameter at any given point on
the rope. Always rotate the calipsr on

the rope — or the rope inside the
caliper — to take a measurement,
Reductions in diameter are caused by
soveral factors, including:

Initial “Pull-Down” — All ropes are
manufactured larger than nominal di-

ameter. When placed in operation the’

first time, strands of a new, unused,

rope will “seat in”, and the diameter-

will be “pulied ém” from its original
diameter. Thetefore, the first measure.
ments should be made and recorded
for future reference xﬁm the time of

ribal | nal usage, the
outer wkes, partxcn}aﬁyon the crowns
of strands, will exhibit wear. Various
inspection standards are specific as to
" the amount of such metal loss per-
missible.

Internal R D ige ~ When the core
of a wite r R to deleriorate,

diameter teénctm is often the ﬁfst
detectable outward sign, Impending
internal breakdown should always be

Measuring Rope Lay

One rope lay is the length & @g
rope which a single strand wqams to
make one complete spiral; or “tum”,
around the core. It is an engineering
factor in the design of a repe, and i
carefully controiled during manu-
facture,

Sincethere is often some “adjustment”
in rope lay during the initial “break-in”

stages of a rope’s usage, it is reconmy
mended that repe lay measurements
should be made after the initial load-
ing, for comparison purposesat

ding periodic inspections,
a%mrmm&mgmpehyk

thcpagcrmdwbmoadmmfmand

suspected when a sudden or significant
diameter reduction is noted, and if
possible, an internal rope examination
should be made.

Lang Lay
Thiz plenire simulates 6325 fw cone
struction wire ropes with surface wear
foniy} of 1]3 the outer wire diameter,
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How Often to Inspect

Quite obviously, the greater the usage
a rope receives, the more often inspéc-
tions would be indicated. Typical
Oceupational Safety and Health Act
(OSHA) regulations state:
“A thorough mspacﬁaa of all
ropes shall be made it Jeast once
a-month and afull written, dated,
and signed report of rope condi-
tion kept on file where readily
available,”
OSHA Specification 1926.602 refers
to Power Crane and Excavator Stand-
ards for material handling equipment
as follows, regarding wire rope inspec-

‘Critical’ Points

There are certain points along any
given rope which should receive more
attention than others, since some aress
will usually be subjected to greater
internal stresses, or to gréater external
forces and hazards,
Carefully select the most critical points
" for close inspection — points where
failure would be most likely to oceur,
The same critical points on each in-
stallation should be compared at each
Critical points which should be consid-
ered for careful inspection on most in-
stallations would include the following:
Pick-up Points — These are sections of
rope which are repeatedly placed under
stress when the initial load of esch lift
is applied ~ such as those sections in
contact with sheaves.
End Attachments — At each end of the
rope, two things must be inspected:
the fitting that is attached to the rope,
or to which the rope is attached . ..
and the condition of the rope itself,
mreﬁeﬁterstimaﬁmm
zing Sheaves — The section of a
mge ich is in contact with and
adjacent to such sheaves, as on boom
hoist lnes, should receive careful in-

spection.

Drums — The general condition of the
dtim, and condition of grooves if the
drum-is grooved, should receive careful
inspection — as should the manner in
which the rope “spools” onto the draa.
Sheaves — Every sheave in the rope
system must be inspected and checked
with a groove gauge,

tions (8.2.1.2):
“All wire ropes in active service
should be visually inspected once
each working day. A thorough
inspection of such ropes should
be made at least once a month
and dated recordskept as to rope
conditions.”

The OSHA regulations for overhead

and gantry cranes states:
“Inspection procedure for cranes
in regular service is divided into
two general classifications based
upon the intervals at which
inspection should be perform-

ed . . . designated as ‘frequent’
and ‘perodic’ with respective
intervals between inspections . ,
(a) Frequent inspection — d’aﬂy
to monthly intervals, (b) Periodic
inspection — 1 to 2amonth
intervals,”
The foregoing would seem to under-
score the wisdom of many machine
users who insist on a daily or work-
shift, visual inspection of all the ele-
ments in a wire tope system. The
OSHA Regulations, however, are spe~
cific with reference to written and
signed reports on thorough, periodic
inspections.

Heat Exposure — Be especially watch-
ul for signs that a rope has been sub-
jected to extreme heat, or to sepetitive
heat exposure,

Abuse Points — Prequently ropes are
subjected to abnormal scuffing and
scraping, such as contact with cross-
members-of a boom. Look for “bright”
spots.

1t must be kept in mind that minor —
and frequently major — differences
exist between installations, even on
machinesof a similar design, Therefore,
points on each rope selected for close
examination will necessarily require the
best judgement of the inspector.
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Making an Internal Rope Examination

Anytime interior damage, broken wxrcs
or core failure may be
section of rope should be opened fer
internal examination. This may be
accmnglmed without destroying the
rope’s Fature uscfu&aau if due care is
exercised and wircs.are zwt kinked or
notched,
Ampembeopmedform&ma&m
spection only when completely relax-
ed, Using due care, “work”™ a marlin
spike beneath two strands and rotate
the spike to expose the core and
“under” side of strands, Use anawl to

To open a rope, insert marlin
spike. beneath two strands and
rotate to lift strands and provide
view of interlor,

Inspecting Sheaves

Almost every rope installation has one
or mote sheaves - ranging from travel
g blocks with complicated reeving
pattemns to equalizing sheaves where
_ only minimal rope movement is notice-
able. Each sheave should receive an
individual examination at periodic
inspections,
Bach sheave is to be examined for the
following:
~ Groove depth, width and con-
tour,
— Groove smoothness,

~ Broken or chipped flanges.
~ Cracks in hubs, spokes, etc.

probe for broken wires and examine
inner surfaces,

If the rope has an independent wire
rope core, look for broken wires on
the “under” sides of strands where the
strands contact the IWRC. Look for
excessive “nicks” or broken wires in
the strand: d by contact &
a@acent strands or with IWRC, Exam-
ine the IWRC for broken wires also,
Iuthecaseafﬁhe:cammpca,exaxmm
the core for excessive breakage of
fibers, If short pieces of fiber — less
than 14 inch long — sift out of the

of the rope,

-~ Signs of rope contact with

— Sheave bearings and shaft,

— Qut-ofiround condition,

- Alignment with other sheaves,

Assessing the general physical condi-
tion of a shieave — groove smoothness,
freedom from cracks and “knicks”, ex-
stence of wear on guards, ete, — isa
matter of careful, knowledgeable
cbservation,
Properly gauging and evalusting the
width, depth and contour of grooves
with 2 groove gauge requires keen
observation as well as knowledge of
gauge design and use.

Broken wires in the IWRC are not
discernable from exterior examination

core, it is breaking wup. Such shart,
broken fibers sometimes indicate the
rope is being over-loaded, pinched in
tight sheaves, or subjected to other
abuse,

If  rope has been opened properly and
cagefully ~ and internal condition does
not show cause for removal — strands
can be returned to their original work~
ing positions without distorting the
rope or impaiting future usefulness,

4 sheave badly corrugated by the
rope’s “print”, a-condition which: could
seripusly dantage the wire rope.
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“stroke” with the side of the pencil,
so the rope’s “print” is made on the
paper.
Bydmwiﬂgakmeﬁuw@omsmad
of the “print”, counting off the num-
ber of strands in the rope and then
drawing another line en the print
at the place where fhe same strand
pp again, a t is estab-
lished. .

Many inspectors have found that a
crayon or matking stick and 2 roll of
adding machine tape are ideal for mak-
ing a “print” at least three rope lays
long — so that an average lay length
can be determined.

Changes in length of lay are usually

gradual throughout the worki
a rope. It is important to compare
current lay measarements with pre-
vious inspection results to note any
sudden changes — for an abrupt change
mthepattemeanbethesignslofan
impending problem,

As a rule, if lengthening of lay is noted
WITH loss of rope digmeter, internal
break-up or core destiuction should be
suspected.

When lengthening of lay is noted
WITHOUT loss of rope diameter, the
rope is probably “unlaying” for some
reason, and further examination should
be made for the cause,

Finding Broken Wires

Pmbab&y the xmst common sign of
y ching
fai}ure is broken wires, and 1 inspeetitm
criteria are specific as to the number of
broken wites allowable under various
circumstances,
It is normat for a properly designed and
used “running”, or operating, rope to
exhibit broken wires as it approaches
the end of its useful life. Under ideal
conditions, the first wires to break
would be the outside wires at the
crowns of the strands — where surface
weat is expected to ocour. On “stand-
ing” ropes, wire breakage may not be
s0 easily observed.

It is important that a diligent search be
made for broken wires, particularly in
critical areas such as “pick-up points”
where stresses are concentrated,

The first step in looking for broken
wires is to make sure the surface is

g life of

Unlaying sometimes results from oper-
ating a rope without having both ends
sscured to prevent rotation. An end
swivel attachment permits such rota-
Another common cause of unlaying is
worn shegves, When the bottom of 2
sheave groove wears, it can restriet
normal movement as the rope enters
and leaves the groove; the result can be
2 buildup of twist which can change
the length of lay.

Whatever the cause, unlaying is an
abnormality, and should be noted for
future reference if the immediate cause
cannot be determined.

With a sharp awl, pick and probe
between wires and strands, lifting any
wires which appear loose or move
excessively,

If you find a number of broken wires

clean enough that breaks can be seen,
Wipe with a cloth, If necessary, scour
with a wire brush to clean grease from
the valleys between strands,

A thorough search for broken wires
cannot be made when a rope Is in
tension or is supporting a load. Relax
the rope, move “pick-up points” off
sheaves, and flex the rope as much as
possible.

approaching the maximum allowable
permitted per strand or per rope lay,
extend the search to other sections of
the rope, and also take diameter and
lay measurements in the arca, If inter-
nal wire breaks or core damage are
suspected, an internal examination
should be made, if possible.

Flexing a rope can often expose broken wires
hidden in valleys between strands.

Number of brok

One rope lay is the length along the rope which one strand
uses to make one complete spiral around the core,

wirea p

lay is specified in inspectibn eriteria for each wsage.

{ per strand in one rope

© wires should break first on the

Under ideal and normal conditions,

crowns of strands . . ., a8 in this
classic example of a worn out rope.
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There are two types of wite rope
groove gauges:

1. Those used by manufacturers of
sheaves and drums, which make
allowance for the maximum
allowable oversize for wire rope,
and are used to determine the

eter of the rope PLUS onehalf
the allowable rope oversize.
These are used to determine the
MINIMUM condition for WORN
grooves, '
In a field inspection, when the gauge
for worn grooves fils perfectly, the

pmpamqug;mgmm groove s st the mininsm permissible
- contour, Anything narrower is unsuite

able for use. .
It is a good rule to keep in mind that,

under normal operating conditions, as
@ groove wears it tends to become
deeper and narrower. Bxcessive wear
in afi overwidth manner frequently
indicates some operating sbnommality
such as alignment,

Sheave inspection should also include
the condition of bearings and shaft,
With the rope “relaxed”, the sheave
should be rotated by hand to deter
mine the “fit” of the bearing and
effectiveness of its lubrication . .
whether the sheave runs true, without
“wobbling” on its shaft . , . whether
the bottom of the groove is still con-
centric, or “round” in relation to the
its shaft are in proper alignment with
other sheaves or components of the
system.

Each sheave in a muitiple block is to
be exumined individually at each peri-
odic inspection,

Evaluating Drums

Even though both these gauges properly follow groove contours, when

used side-by-side they indicate grooves are too close. Two gauges which '

. overlap in this manner reveal that wraps of rope will scrub when spooling
on to or off the drum. e

‘4 proper fitting sheave groove should

support the rope ovey 135150 degrees
of rope circumjerence.

Observe the groove so that it may be
clearly seen whether the contour of
the gauge matches the contour of the
bottom of the groove,

luspecticm eriteria for drumswill
usually specify the following:
~ Minimum sumber of dead wraps
to remain on the drum,
- Condition of drum grooves, if a
grooved drum, and the surface of
& smooth deum,
— Condition of flanges at the ends
of the drum,
— Rope end attachment.
- Spooling characteristics of the
— Rope condition, particularly at
“pick-up points” on the rope. '
There is wide acegptance of the follow-
ing guidelines for checking drums and
drum operation.
GROOVES should be of proper con-
tour, and checked with a groove gauge
if normal tolerances apply. Bottoms
of grooves should be smooth; drums
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that become imprinted with the rope’s
“tread”, or excessively roughened,
should be corrected or replaced.
Grooves should be spaced so one wrap
of rope does mot “serub” the next
wrap as it spools onto the drum.

SPOOLING is that characteristic of a
rope which affects how it wraps onto
and off a drum. Spoeling is affected
by the care and skill with which the

first layer of wraps is applied on drums méxmgumvmbhmawémm
with twe or more layers, Wraps should ding, as is-defe tion of the wires
be tight, and a Joose condition must be iathzmpe,umﬁyducfﬁ;edam
corrected. It is important to examine  ing. Crushing and peening affect rope
a rope for kinks or other damage when  performance insofar as these condi

loose or irregular spooling has been
observed,

DRUM CRUSHING is a rops condition
deterioration of the rope. Sometimes

How to Use Inspection Forms

These forms were prepared to serve
as 2 guide for making thorough
periodic examinations of single wire
ropes and serve as & permanent record
of the mspection. One form should
be wsed for each rope at cach such
inspection.

Before beginning an examination of an
installation, fill in the blank spaces at

the top of the form. These identify the
machine or installation, its owner, loca-
tion, date, etc.

“Rope Application”™ refers to the
specific usage of the rope . . , such as
“Main Hoist”, or “Boom Pendant”, or
“Boom Hoist”.

After “Rope Description”, fill in the
diameter, construction, type, ete.

tions impair adjustment of wires in the
rope and damage the wires themselves.
When observed, either condition should
be noted and careful evaluation of
rope made.

such as I in. 6x25 FW PRF RLL XIp
IWRC, :
After “Manufacturer’s Ident. No.”, in-
sort data which will positively identify
this rope . preferably the manu-
fmmm's reel number” which identi-
fies the reel from which the rope was
taken. The manufacturer’s original pur-
chase invoice or the shipping reel tag
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usually carries this number, The - same locations on each rope 6. Examine the entire rope end-to-
The “Applicable St s” refer to  should be examined carefully at each end for evidence of extesnal

that set of inspection criteria applica-
ble to this installation which can be
found in standards and regulations . ..
such as ANSI B30.2 for Overhead &
Gantry Cranes or Federal Regulations
such as OSHA.

It is the inspector’s responsibility to
obtain the proper inspection criteria
for the applicatitn to be ‘mpect?d.

At the column headifigs to the right of
the words “Criteria’ for -Removal”,
space it provided for the inspector to
fill in specific criteria pertaining to
each column. Two of these headings
are filled in with critetia applicable to
all wire rope installations — “1f3 of
outside wire-diameter” is the maximum
wear permissible. One (1) broken wire
is the maximum number permissible
at end attachments. Fill the other
blank spaces with data taken from the
proper set of criteria for the machine

A blank column is provided for in-
spector’s use if it is desirable to check
any other factor which is not listed
on this form.

At the time of each inspection of an
installation, refer back to previous in-
spection records to determine loca-
tions on each rope which should be
inspected, If the installation has not
previously had a therough inspeetion,
sound judgement should be used in
selecting these lecations, “Critical
Points” should be given first consid-
eration.

succeeding inspection so that rope
diameter, lay, etc., may be compared
to previous measurements in order to
detect change in the rope condition.
Sudden changes in condition may indi-
cate deterioration,

At each inspection location en 2 rope,
clean the rope sufficiently to be able
to find broken wires and to take pre-
cise measurements, To be useful,
measurements must be accurate.

For each inspection location selected
on each rope, describe on the Inspec-
tion Repost the exact location — such
as “Boom point sheave at pick-up”.
Then, in the order in which columns
are established on the Report form,
make the indicated observations and
write down the information:

1. Measure diameter.

2. Examine for broken wires, (a) in
one rope lay, and (b) in one
strand of one rope lay, When a
broken wire is found, look care-
fully for others, Record the
number of breaks in that -rope
lay where the most breaks are
found.

3. At this same location, inspect
for exvessive wear,

4. If the examination s being made
at a rope deadend, check for
broken wires, corrosion and con-
dition of the fitting,

5. A lay measurement should also
be taken at the location selected
for inspection.

damage or abuse. Where damage
or abuse is noted, proceed to
make all the same obsesvations
for this location as at any “reg-
ular” inspection point. Try to
determine the exact cause of
sny external damage o that
“recurring” damage may be pre-
vented,

7. Every sheave should receive a
thorough examination and the
condition recorded. When the
rope “pick-up point” is being
examined at a sheave, the data
on the sheave can be recorded at
that space on the form.

8. Examine and record the drum
condition, Ina proper inspection,
the drum should be observed
both in operation and at rest, in
order to observe “spooling”.

To provide space for all these measure-
ments, five horizontal spaces are pro-
vided on each Inspection Report form,
Should these not be sufficient for
extremely long ropes, or for any other
reason, these spaces may be divided
with horizontal lines — or a second
form used.

When an inspection is completed — or
has proceeded far emough for the
inspector to decide that rejection is in
order — the form should be signed by
the inspector. Comments may also be
written at the bottom, if desired,
Federal regulations require that signed
inspection reports must be maintained
on file for all ropes in active service,
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DRUMS & WINCH (HOIST) GROUP

TABLE OF CONTENT
ITEM DESCRIPTION.....c.ccouuurimiiiimammssmmseseeessesssiasiesssssssessssssscsssssessesssesssssesnneen 30
HOIST MOTOR COMPONENTS .....oooscrrrimiimcrremiamssemmemssssesssesmsssesssssssssessesesnaacene 31
DETAILED DESC. BRAKING SYSTEM-LIEBHERR HOISTING SYSTEMS........... 32
INSPECTION AND ANALYSIS — DRUM & WINCH (HOIST) GROUP..............ccce 34
DRUMS & WINCH (HOIST) ILLUSTRATION 1.0 ...ccvcvvreercrreomrsveeneenenssnnssseenene 35

DRUMS & WINCH (HOIST) ILLUSTRATION 2.0 ..cociiiiiiieiiiiiiintcicnrcneeeeeens 36



FAILURE MODES EFFECT ANALYSIS
November 3, 2008

Page 30 of 65

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
any one 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.

Modern 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 sdperstructure 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.

X\E%/Z ;;\*& N-0F- 09
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DRUMS & WINCH (HOIST) ILLUSTRATION 1.0
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DRUMS & WINCH (HOIST) ILLUSTRATION 2.0
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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.
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SPECIFICATIONS
MANUFACTURER:
LIEBHERR
TYPE:
FIXED
MULTI PART

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.

\\\}“Z(Pé\ 4-g- o
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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 turn 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.

1’\5 MZSLX\, L( -d- (}%
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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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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

MULTI PART

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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ILLUSTRATION BOOM LIFT 3.0
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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.
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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.IL staff.
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ILLUSTRATION OUTRIGGER 1.0
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ILLUSTRATION OUTRIGGER 2
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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
engine.

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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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.



