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Wire Spooling & Long Stranding
Machines (18 Bobbin, 25 Bobbin
& 3 no. 36 Bobbin)

Seven Bobbin Skip Strander 6 x 60 Closer

200 T capacity 25 M Tensile
Testing Machine

8 Bobbin closer 600 T Press

6+12+18 Planetary
Strander for non-rotational
Crane Ropes

High Speed Wire Rewinders Fatigue Testing Machine
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DRILLING LINE
CALCULATIONS
Design/Service factor

Oil ropes service factors

Service Factor results from dividing the minimum
breaking load of the rope by the real load on it.

The Service Factor is characteristic of each operation
and plays an important role in implementing the run
and cutoff program.

The Design/ Service factor should be determined by
the following formula:

Equation (1)

Design/ Service  Factor=B/W

where –
B is the nominal strength of the wire rope, lb;
W is the fast line tension

#When a wire rope is operated close to the minimum
Design/ Service factor, care should be taken that the
rope and related equipment are in good operating
condition. At all times, the operating personnel should
use diligent care to minimize shock, impact and
acceleration or deceleration of loads. Successful field
operations indicate that the Design/ Service factors
in Table 1 should be regarded as minimum.

Table 1 – Minimum Design Factors

# Wire rope life varies with the Design/ Service factor;
therefore, longer rope life can generally be expected
when relatively high Design/ Service factors are
maintained.

Calculation of Design/Service factor

To calculate the Design/ Service factor for multipart
string-ups, use Chart 1 and 2 (on next page) to
determine the value of W.

W is the fast line tension and equals the fast line factor
times the hook load or weight indicator reading.

Note: The fast line factor is calculated considering the tensions needed
to overcome sheave-bearing friction.

EXAMPLE

Drilling Line = 1 3/8 in. (35 mm) EIPS

Number of Lines = 10

Hook Load = 400,000 lb (181.4t)

Sheaves are roller bearing type. From Chart 2, Case
A, the fast line factor is 0.123. The fast line tension is
then 400,000 lb (181.4t) 0.123 = 49,200 lb (22.3t) W.
Following the formula in Equation 1, the Design/ Service
factor is then the nominal strength of 1-3/8 inch (35
mm) EIPS drilling line divided by the fast line tension
or 192,000 lb (87.1t) ÷ 49,200 lb (22.3t) = 3.9.

When working near the minimum Design/Service factor,
consideration should be given to the efficiencies of
wire rope bent around sheaves, fittings or drums. Chart
1 shows how rope can be affected by bending.
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L = Load   S = No. of sheaves  N = No. of
rope parts supporting load

CASE C (Three Idler Sheaves)

Drum

N = 4
S = 5

L Drum

N = 4
S = 6

L

N = 4
S = 4

Drum L

Line SF SF
recommended minimum allowed

Drilling line 5 3 in deep drilling
2 when setting casing

Sand line 5 3

Mast raising line 5 2.5

Auxiliary hoisting 5 3 (not recommended)
winch rope

Winch truck rope 5 API does not specify.
Experience indicates
a minimum of 2.5 with
extreme precautions.

Source: API RP 9b Standard

Correction factor for T- mile at different Design/Service
factor

Operation Minimum
Design Factor

Sand line 3

Rotary drilling line 3

Hoisting service other than rotary drilling 3

Mast raising and lowering line 2.5

Rotary drilling line when setting casing 2

Pulling on stuck pipe and similar
infrequent operations 2
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Evaluation of Rotary Drilling Line

Total Service Performed

The total service performed by a rotary drilling line
can be evaluated by taking into account the amount
of work done by the line in the various drilling
operations (drilling, coring, fishing, setting casing etc.),
and by evaluating such factors as the stresses imposed
by acceleration and deceleration loadings, vibration
stresses, stresses imposed by friction forces of the
line in contact with drum and sheave surfaces and
other even more indeterminate loads. However, for
comparative purposes, an approximate evaluation can
be obtained by computing only the work done by the
line in raising and lowering the applied loads in making
round trips and in the operations of drilling, coring,
setting casing, and short trips.

Round-trip Operations

Most of the work done by a drilling line is that
performed in making round trips (or half-trips) involving
running the string of drill pipe into the hole and pulling
the string out of the hole. The amount of work
performed per round trip should be determined by
use of the following formula:

Equation (2)

Tr = +
2,640,000

D  M + C( (D(Ls + D)Wm

10,560,000

1
2

where
Tr is the ton-miles [weight in tons (2,000 lb) times
distance moved in miles]
D is the depth of hole, in ft
Ls is the length of drill-pipe stand, in ft

N is the number of stands of drill-pipe
Wm is the effective (buoyed) weight per foot of drill-
pipe in drilling fluid, in lb/ft
M is the total weight of traveling block-elevator
assembly and top drive (if used), in lb
C is the effective (buoyed) weight of drill collar assembly
in drilling fluid minus the effective (buoyed) weight of
the same length of drill-pipe in drilling fluid, in lb/ft.

The formula for ton-miles per round trip as earlier is
based on the following derivation:

In making a round trip, work is done in raising and
lowering the traveling block assembly and in running
and pulling the drill stem, including the drill collar
assembly and bit. The calculations are simplified by
considering the drill pipe as extending to the bottom
of the hole and making separate calculations for the
excess weight of the drill collar-bit assembly over that
of the same length of drill pipe.

In running the string, the traveling block assembly,
which includes the traveling block, hook, links, and
elevator (weight M), moves a distance equal
(approximately) to twice the length of the stand (2Ls),
for each stand. The amount of work done is equal to
2MLsN. In pulling the string, a similar amount of work
is done; therefore, the total amount of work done in
moving the traveling block assembly, during one
complete round trip is equal to 4MLsN. Because the
drill pipe is assumed to extend to the bottom of the
hole, making LsN equal to D, the total work can be
expressed as 4DM in pound-feet or

Equation (3)

4DM

5280 x 2000
, In ton-miles

In lowering the drill pipe into the hole, the amount of
work done is equal to the average of the weights
lowered times the distance (D). The average weight is
equal to one-half the sum of one stand of drill pipe
(the initial load) plus the weight of N stands (the final
load). Since the weight of the drill pipe is decreased
by the buoyant effect of the drilling fluid, an allowance
must be made for buoyancy. The work done in pound-
feet is therefore equal to 1/2 (Wm Ls + Wm Ls N)D, or
1/2 (Wm Ls + Wm Ls D)D

Assuming the friction loss is the same in going into
the hole as in coming out, the work done in raising the
drill pipe is the same as in lowering, so for a round trip,
the work done in ton-miles is equal to Equation (4).

Equation (4)

DWs(Ls + D)

5280 x 2000

Because the drill collars and bit weigh more per foot
than drill pipe, a correction factor must be introduced
for the added work done in lowering and lifting this
assembly. This amount is equal to the excess weight
of the drill collar assembly, including subs and bits (C),
times and distance moved (D). For a round trip the
work done (in ton-miles) would be

Equation (5)

2 x C x D
5280 x 2000

The total work done in making a round trip would be
equal to the sum of the amounts expressed in Equations
(3), (4), and (5); namely

Equation (6)

Tr =
4DM

+
5280 x 2000

DWm(Ls + D)
5280 x 2000

+
2CD

5280 x 2000

This can be rewritten as

or

Equation (7)

Tr = +
5280 x 2000

( (D(Ls + D)Wm

5280 x 2000

1
24D  M + C

Drilling Operations

The ton-miles of work performed in drilling operations
is expressed in terms of work performed in making
round trips, since there is a direct relationship as
illustrated in the following cycle of drilling operations:

a. drill ahead length of the kelly

b. pull up length of the kelly

c. ream ahead length of the kelly

d. pull up length of the kelly to add single or double

e. put kelly in rat hole

f. pick up single or double

g. lower drill stem in hole

h. pick up kelly

Analysis of the cycle of operations shows that for
any one hole, the sum of all operations (a) and (b) is
equal to one round trip; the sum of all operations (c)
and (d) is equal to another round trip; the sum of all
operations (g) is equal to one-half a round trip; and
the sum of all operations (e), (f), and (h) may, and in
this case does, equal another one-half round trip,
thereby making the work of drilling the hole equivalent
to three round trips to bottom. This relationship can
be expressed as follows:

Equation (8)

Td = 3(T2 – T1)

where
Td is the ton-miles drilling
T1 is the ton-miles for one round trip at depth D1 (depth
where drilling started after going in hole, in ft)
T2 is the ton-miles for one round trip at depth D2
(depth where drilling stopped before coming out of
hole, in ft)
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RECOMMENDED
GUIDELINES
FOR ROPES

Practices mean
l Correct selection of rope
l Correct manufacturer of rope

Practices are
l Correct  storage of rope
l Correct Handling of rope
l Correct Installation of rope
l Correct Inspection of rope
l Correct Maintenance of rope
l Correct Performance tracking of rope

A good steel wire rope can give good performance
only when Practices are good.





Stringing of Blocks
Blocks should be strung to give a minimum of wear
against the sides of sheave grooves.

Changing Lines and Cutoff
It is good practice in changing lines to suspend the
traveling block from the crown on a single line. This
tends to limit the amount of rubbing on guards or
spacers, as well as chances for kinks. This practice is
also very effective in pull-through and cut-off
procedure.

Rotation of Reel
The reel should be set up on a substantial horizontal
axis so that it is free to rotate as the rope is pulled off,
and in such a position that the rope will not rub against
derrick members or other obstructions while being
pulled over the crown. A snatch block with a suitable
size sheave should be used to hold the rope away from
such obstructions.

Jacking
The use of a suitable apparatus for jacking the reel off
the floor and holding it so that it can turn on its axis
is desirable.

Tension on Rope
Tension should be maintained on the wire rope as it
leaves the reel by restricting the reel movement. A
timber or plank provides satisfactory brake action.
When winding the wire rope on the drum, sufficient
tension should be kept on the rope to assure tight
winding.

HANDLING DURING
INSTALLATION
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Swivel-Type Stringing Grip
When a worn rope is to be replaced with a new one,
the use of a swivel-type stringing grip for attaching
the new rope to the old rope is recommended. This
will prevent transferring the twist from one piece of
rope to the other. Care should be taken to see that the
grip is properly applied. The new rope should not be
welded to the old rope to pull it through the system.

Kinking
Care should be taken to avoid kinking a wire rope since
a kink can be cause for removal of the wire rope or
damaged section.

Striking with Hammer
Wire ropes should not be struck with any object such
as a steel hammer, derrick hatchet, or crow bar which
may cause unnecessary nicks or bruises.

Even when a soft metal hammer is used, it should be
noted that a rope can be damaged by such blows.
Therefore, when it is necessary to crowd wraps
together, any such operation should be performed
with the greatest of care; and a block of wood should
be interposed between the hammer and rope.

Cleaning
The use of solvent may be detrimental to a wire rope.
If a rope becomes covered with dirt or grit, it should
be cleaned with a brush.

Excess or Dead Wraps
After properly securing the wire rope in the drum
socket, the number of excess or dead wraps or turns
specified by the equipment manufacturer should be
maintained.

New Wire Rope
Whenever possible, a new wire rope should be run
under controlled loads and speeds for a short period
after it has been installed. This will help to adjust the
rope to working conditions.

New Coring or Swabbing Line
If a new coring or swabbing line is excessively wavy
when first installed, two to four sinker bars may be
added on the first few trips to straighten the line.

Lubrication of Wire Rope
Wire ropes are well lubricated when manufactured;
however, the lubrication will not last throughout the
entire service life of the rope. Periodically, therefore,
the rope will need to be field lubricated. When
necessary, lubricate the rope with a good grade of
lubricant which will penetrate and adhere to the rope,
and which is free from acid or alkali.
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GUIDELINES FOR ROPE
INSPECTION

Rope inspection criteria for drilling
operations
All portions of wire rope must be inspected thoroughly
for possible deterioration on a regular basis. This starts
with a close examination of the rope’s critical points.
The critical points of an application are those that subject
the rope to greater internal stresses or greater external
forces. Rope wear is more likely in the following critical
areas, so it pays to closely inspect these areas:

Drums
When the rope spools properly, normal wear occurs at
the crossover, kickover and change-of-layer points. Look
for scrubbing on the side of the rope; in other words,
rope that rubs against the preceding wrap on the drum.
Crushing may result on rope’s top and bottom sides. If
severe, remove the rope from service. Both the scrubbing
and the crushing normally occur twice with each drum
revolution.

Inspection of drums
Check for signs of wear in the drums that could damage
wire rope. All drums should be smooth, not corrugated.
Check for minimum number of dead wraps remaining
on the drum, the spooling characteristics of rope and
the condition of flanges.

Sheaves
It’s very important to check for broken wires in the wire
ropes traveling over the sheaves in your system. Grooves
tend to wear smaller over time, especially under heavy
loading conditions. With a groove gauge, check each
sheave for proper sizes, as well as their smoothness.
Grooves that are too small or tight can cause pinching
and increased abrasion while grooves that are too wide
can cause flattening of the rope – both of which can
reduce your rope’s life. Also inspect for corrugation,
broken or chipped flanges, cracks in hubs and spokes,
signs of rope contact with guards, sheave bearings and
shaft, an out-of-round condition, and alignment with
other sheaves – all criteria for replacement.

End attachments
Rope adjacent to end attachments has its movement

restricted and is subject to fatigue as rope vibrations
are dampened. Inspect with an awl to expose broken
wires, and if more than one broken wire is found, replace
the rope. Be sure to also inspect the fitting itself.

Other important areas to inspect:

Pick-up points
The sections of a rope that contact sheaves or drums
when the initial load is applied. Heat exposure If an
electric arc contacts the rope, remove the entire rope
from service immediately. Although the problem may
not be visible, electric arcs can affect the rope’s
properties and the rope needs to be replaced.

l Look for “bright” spots where ropes are subjected
to abnormal scuffing and scraping. (abrasion)

l End connections that are corroded, cracked, bent,
worn or improperly applied.

l Evidence of kinking, crushing, cutting, bird-caging or
a popped out core.

l Wear that  exceeds one-third of a wire’s original
diameter.

l Severe  reduction of the rope’s diameter. For
multilayer construction, if the reduction in diameter
is greater than 5%( eg. 6x19, 6x36 etc.) the rope
needs to be discarded.

l Evidence of heat damage.

l A significant increase in lay length.

How to find broken wires
One of the most common signs of rope deterioration is
broken wires, normally the outside wires on the crowns
of the strands.

The rope has to be discarded when total no. of visible
broken wires exceed 10% of the total no. of wires in the
rope, in a length of 8 x dia. Of rope or 3 or more adjacent
broken wires in a strand.

INSPECTION OF
DRILL LINE

Wire ropes must be periodically inspected following
regulations (e.g. ISO 4309) and internal procedures
to assess rope deterioration due to regular use or
unexpected events and to ensure safe working
conditions.

Inspections can be carried out with the aid of visual
or magnetic devices: in this case, it is recommended
to perform an initial inspection before rope use to
have a baseline for future comparisons.

Each rope shall be inspected along its entire length
or, at the discretion of the competent person, along
the working length plus at least five wraps on the
drum. In this case, if a greater working length is
subsequently foreseen to be used, that additional
portion should also be inspected.

The frequency of inspections depends on regulations,
type of crane and environment, results of previous
examinations, load spectrum and experience related
to similar ropes and systems.

The main modes of deterioration are: broken wires or
stands, decrease in rope diameter, corrosion,
deformation, mechanical or heat damage and change
in elastic behaviour of rope under load.

The following areas have to be inspected with particular
care:

l Drum anchorage and any section close and in
correspondence to rope termination

l In case of repetitive operations, any part of the
rope that lies over a sheave during crane working

l Rope portion which lies over a compensating sheave

l Cross-over zones on multilayer drums

l Rope sections subjected to reverse bending over
sheaves or rollers

l Section subjected to external damage, like abrasion
or heat

Terminations, clamps and securing ferrules should be
also inspected with special care to detect possible
looseness due to vibrations, cracks, distortion, wear
or corrosion.

After each periodic inspection, the competent person
shall provide a rope inspection record and state a
maximum time interval that shall not be exceeded
before the next periodic inspection takes place.

The following sketch shows some examples of typical
points which require special care during inspection.

Crossover and max fleet angle
Block and head sheaves
Compensating sheaves

Figure 31 areas requiring detailed inspection
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ROPE DISCARD CRITERIARunning ropes
Because of their contact with sheaves and drums,
running ropes typically receive heavier external wear
than standing ropes. This can result in surface wire
breaks – the easiest kind to locate during your
inspection. The challenge is to find valley wire breaks.
These may occur when ropes are used with small
diameter sheaves, sheave grooves that are too small,
heavy loads and other poor operating conditions.
During your inspection, pay close attention to the
areas of the rope in contact with sheaves and drums
when loads are picked up. If there is a reason to suspect
valley wire breaks, such as a reduction in rope diameter
or elongation of rope lay, perform an inspection as
outlined below for standing ropes.

Standing ropes
Most wire breaks in standing ropes are internal (or
valley) breaks that occur at the points of wire contact.
Inspection will reveal no surface wear and therefore
nothing to cause external wire breaks. The majority
of broken wire problems on standing ropes occur near
the end attachments or other points of restriction
where vibration is dampened.

Inspection of Drill Lines – Evidence of
Wear and abuse
l During operation a non-uniform release of tension

can cause “Bird cage”. This causes disorientation
of the wires and strands and they would never
return to its original position. The rope requires
immediate replacement. (A)

l This is a failure of a Rotary Drill Line due to poor
cutoff practice. The cause of this fatigue type
failure can be due to continuous peening. A
programmed cutoff schedule can take care of this
type of problem. (B)

l This wear is localized while travelling on a sheave.
Normally, this condition of the rope is not visible
while in operation and thus, requires regular
inspection of the operating length. The broken wires
need to be found out by inspecting all sides of the
rope under operation. (C)

l This is a condition where one of the strands is worn
before the adjoining strands caused by in proper
socketing or seizing or kink formation. On the upper
side one can see a concentration of wear which
recurs every 6th strand in a 6 strand rope. (D)

l A kinked wire rope is shown here. During handling,
installation, operation if a line is slackened and is
pulled down due to force then such formation can
occur. A distortion is total in wires and the strands
thus, needing an immediate replacement. (E)

l The picture shows a rope that has jumped over a
sheave. The tensile breakage of wires in the form
of “Cup and Cone” is a result of a curvature path
followed by the rope while going over the edge of
the sheave. (F)

l The severe wire breakage shown can be due to the
rope subjected to heavy loads over under sized
sheaves. The “Strand Nicking” has caused the breaks
in the valley and Crown. (G)

(A)

(B)

(C)

(D)

(E)

(F)

(G)

Discard criteria for visible broken wires
Rope conditions have to be clearly assessed by a
competent person based on discard criteria provided
by regulations and internal procedures Discard criteria
depends on the nature, occurrence and location of
broken wires and on the rope construction and are
based on number of visible broken wires, diameter
variation, corrosion and distortion or a combination
of all these factors.

Number of visible broken wires takes in account only
the breaks due to regular use, that indicate fatigue
pile up and approaching of end of rope safe life,
therefore breaks due to improper handling may not
be considered in this count if not affecting safety
conditions.

Breaks protruding from the rope can be removed if
there is the risk that they generate further damage
to the equipment or to the rope itself.

If groups of broken wires are found in a section of rope
which do not spool on and off the drum and breaks
are concentrated in adjacent strands, it might be
necessary to discard the rope.

It shall be discarded as well if two or more wire breaks
are found at a termination or concentrated in the

valleys in a rope lay length, as this could indicate the
beginning of fatigue phenomenon.

If breaks occur randomly in rope sections running
through sheaves, spooled on and off a single layer
drum or on crossover points of a multilayer drum, the
maximum amount is determined by specific regulations
(e.g. ISO 4309).

Some examples of maximum allowed breaks for
different rope use and constructions are shown in the
following table.

The numbers depend on the assumption that outer
wire breaks correspond to a certain number of inner
wire breaks.

Typically, the number of inner broken wires due to use
of a Lang lay rope is higher than the number of outer
broken wires, therefore damage detection is harder
and the number of outer allowed breaks must be low.

On the other hand, in ordinary lay ropes more breaks
occur on the outer surface, therefore they are more
detectable and the allowed number is higher than the
Lang lay value.

For non rotating ropes this difference is not remarkable
due to their geometrical structure, therefore there is
no distinction due to lay direction.

Breaks distribution along the rope can indicate fatigue
beginning, therefore the number of broken wires over
a significant rope length (e.g. 30d) is not proportional
to the number of localized broken wire in a specific
portion (e.g. 6d), which could be due to other causes
to be specifically investigated.

Rope
Construction

Number of visible broken outer wires

On steel sheaves or single layer drum
On multi-layer drum

Ordinary lay

6 x 19 3 6 2 3 6 12

6 x 25, 8 x 19 5 10 2 5 10 20

6 x 26, 8 x 25 6 13 3 6 12 26

6 x 36, 8 x 26 9 18 4 9 18 36

35 x 7 3 5 3 5 5 10

Lang lay

Over 6d Over 30d Over 6d Over 30d Over 6d Over 30d













When the rope is bent over a component, it generates
pressure which is dependent on its diameter, the
diameter of the component over which the rope is
bent and the applied tension.

Pressure, P = 2T
Dd

P = pressure [N/mm2]

T = rope tension [N]

D = diameter of sheave or drum [mm]

d = diameter of rope [mm]

Multistrand and non rotating ropes ensure a better
pressure distribution than six strand ropes, as the
higher number of outer strands generates a wider
contact surface (see figures below).

Compacted strands and Lang’s lay ropes further extend
the contact surface.

In order to ensure proper performance, the groove
material should ensure a smooth and hard contact: in
case of inadequate hardness, the steel will be locally
hardened, with consequent embrittlement and
detachment of steel flakes, which can damage both
the rope and the component itself. The typical
recommendation is to use hardened steel with
approximate 300 HB value.

In case of synthetic sheaves, the yield point of the
material should be higher than the exerted pressure,
calculated using the formula above.

A good groove dimension is also important to achieve
a reduced pressure. The diagram below shows different
configurations depending on various groove oversize:
narrow, well dimensioned and large groove.






