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COILED TUBING INJECTOR WITH STRAIN RELIEF

ABSTRACT OF THE DISCLOSURE

A coiled tubing injector, rollers on the backside of grippers on a gripper chain
pass over at least one shallow groove or depression formed in, or gap between segments
of, a planar roller contact surface of a skate, thereby momentarily removing or reducing
the force being applied by the skate to the grippers as the grippers pass through at least
one predetermined location within a gripping zone of the coiled tubing injector. The
reduction or removal of the force on the grippers allows the grippers to reset their
positions on the tubing at one or more predetermined locations in order to
accommodate changes in the strain caused by changes in stress as the tubing moves

through the injector.
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COILED TUBING INJECTOR WITH STRAIN RELIEF

BACKGROUND

[0001] "Coiled tubing injectors" are machines for running pipe into and out of well
bores. Typically, the pipe is continuous, but injectors can also be used to raise and lower
jointed pipe. Continuous pipe is generally referred to as coiled tubing since it is coiled
onto a large reel when it is not in a well bore. The terms "tubing" and "pipe" are, when not
modified by "continuous," "coiled" or "jointed," synonymous and encompass both
continuous pipe, or coiled tubing, and jointed pipe. "Coiled tubing injector" and,
shortened, "injector" refer to machines used for running any of these types of pipes or
tubing. The name of the machine derives from the fact that it is typically used for coiled
tubing and that, in preexisting well bores, the pipe must be literally forced or "injected"
into the well through a sliding seal to overcome the pressure of fluid within the well, until
the weight of the pipe in the well exceeds the force produced by the pressure acting
against the cross-sectional area of the pipe. However, once the weight of the pipe
overcomes the pressure, it must be supported by the injector. The process is reversed as

the pipe is removed from the well.

[0002]Coiled tubing is faster to run into and out of a well bore than conventional
jointed or straight pipe and has traditionally been used primarily for circulating fluids into
the well and other work over operations, but can be used for drilling. For drilling, a
turbine motor is suspended at the end of the tubing and is driven by mud or drilling fluid
pumped down the tubing. Coiled tubing has also been used as permanent tubing in
production wells. These new uses of coiled tubing have been made possible by larger

diamecters and stronger pipe.

[0003]Examples of coiled tubing injectors include those shown and described in
U.S. Pat. Nos. 5,309,990, 6,059,029, and 6,173,769.
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[0004]A typical coiled tubing injector is comprised of two continuous chains,
though more than two can be used. The chains are mounted on sprockets to form
elongated loops that counter rotate. A drive system applies torque to the sprockets to
cause them to rotate, resulting in rotation of the chains. In most injectors, chains are
arranged in opposing pairs, with the pipe being held between the chains. Grippers
carried by each chain come together on opposite sides of the tubing and are pressed
against the tubing. The injector thereby continuously grips a length of the tubing as it is
being moved in and out of the well bore. The “grip zone” or “gripping zone” refers to the
zone in which grippers come into contact with a length of tubing passing through the

injector.

[oo05]Several different arrangements can be used to push the grippers against
the tubing. One common arrangement uses a skate to apply an even force to the back of
the grippers as they pass through the grip zone. In one example, each gripper has a
cylindrical roller, or multiple rollers with the same axis of rotation, mounted to its back.
The rollers roll along a continuous, planar surface formed by the skate as the grippers
pass through the gripping zone. By properly positioning the skate with respect to the
tubing, the skate can push the grippers against the tubing with a force or pressure that is
normal to the tubing. In an alternative arrangement rollers are mounted on the skate,
and the back of the grippers have a flat or planar surface that ride along the rollers. The
axes of the rollers are co-planar, so that the periphery of the rollers engage the back of
the skates in the same plane, thus effectively presenting a planar rolling surface on

which grippers may roll.

[0006]A coiled tubing injector applies a normal force to its grippers and that
normal force through friction creates an axial force along the longitudinal axis of the
tubing. The amount of traction between the grippers and the tubing is determined, at
least in part, by the amount of this force. In order to control the amount of the normal
force, skates for opposing chains are typically pulled toward each other by hydraulic
pistons or a similar mechanism to force the gripper elements against the tubing.

Alternatively, skates are pushed toward each other.



SUMMARY

[0007]The invention relates generally to a traction system for a coiled tubing injector that
relieves elastic strain in tubing as tubing passes through the gripping zone. Momentarily removing
or reducing the normal force on a gripper at an intermediate location within a gripping zone, thus
momentarily removing or reducing the axial force imparted by the gripper on the tubing, allows
strain in at least the tubing to be relieved by relative motion of the gripper with respect to the
tubing, without the injector losing traction as a whole on the tubing and allowing it to slip. When

the normal force is reapplied the gripper again produces an axial force pulling on the tubing.

[0008]In one representative embodiment of a coiled tubing injector, a planar surface of a
skate, along which grippers of a gripping chain move, includes an intermediate interruption in the
surface that momentarily reduces or removes the force being applied by the skate, allowing the

gripper to reposition itself on the tubing.

[0009]In another representative embodiment of a coiled tubing injector, rollers on the
backside of grippers on a gripper chain pass over at least one shallow groove or depression
formed in, or gap between segments of, a planar roller contact surface of a skate, thereby
momentarily removing or reducing the force being applied by the skate to the grippers as they
pass through at least one predetermined location within a gripping zone of the coiled tubing
injector. The reduction or removal of the force allows the grippers on the gripper chain to reset
their positions on the tubing at one or more predetermined locations in order to accommodate

changes in the strain caused by changes in stress as the tubing moves through the injector.

[0009a]According to one aspect there is provided a coiled tubing injector, comprising: a
plurality of elongated gripper chains, each of which is comprised of continuous chain loop
having mounted thereon a plurality of gripping elements, the plurality of elongated gripper
chains having sections that are arranged to form between them a gripping zone for gripping
tubing when placed between the sections of the elongated gripper chains, the gripping zone
having a central axis aligned with a center axis of the tubing passing through the gripping zone; a
drive system coupled with at least one of the plurality of elongated gripper chains; for each

elongated gripper chain in the plurality of elongated gripper chains, a skate extending behind one
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of the sections of the elongated gripper chains that form between them the gripping zone for
causing gripping elements on the continuous chain loop to apply to the tubing, when passing
through the gripping zone, a force normal to a surface of the tubing; wherein at least one skate
behind at least one of the plurality of elongated gripper chains has formed thereon at least one
strain relief region for dividing the gripping zone into a strain relief segment between two
traction segments, the strain relief region reducing the amount of the force a gripping element
applies when it moves into the strain relief segment as compared to what it applies when it is

located within either of the two traction segments.

[0009b]}According to another aspect there is provided a coiled tubing injector,
comprising: a plurality of elongated gripper chains, each of which is comprised of a continuous
chain loop having mounted thereon a plurality of gripping elements; the plurality of gripper
chains having sections that are arranged to form between them a gripping zone for gripping
tubing, the gripping zone having a central axis aligned with a center axis of the tubing passing
through the gripping zone; wherein each of the plurality of gripping elements of each of the
elongated gripper chains comprises at least one roller; a drive system coupled with at least one of
the plurality of elongated gripper chains; for each elongated gripper chain in the plurality of
elongated gripper chains, a skate extending behind the section of the elongated gripper chain for
causing the plurality of gripping elements on the continuous chain loop to apply to the tubing
when passing through the gripping zone a force normal to a surface of the tubing sufficient to
grip, the skate having a planar rolling surface extending along at least a portion of its length,
along which the rollers of the plurality gripping elements roll on a predetermined path when
within the gripping zone; wherein the planar rolling surface of the skate behind at least one of the
plurality of elongated gripper chains comprises at least one interruption between ends of the
planar rolling surface, into which the at least one roller of the plurality of gripping elements can
roll when the plurality of elongated gripper chains are rotated, the interruption having a

predetermined depth and width and a portion of the planar rolling surface on each side.

[0009¢c]According to another aspect there is provided a method for controlling the strain
on tubing extending through a coiled tubing injector, a plurality of elongated gripper chains, each

of which is comprised of a continuous chain loop having mounted thereon a plurality of gripping
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elements, the plurality of elongated gripper chains having sections that are arranged with respect
to each other to form between them a gripping zone for gripping tubing, the gripping zone
having a central axis aligned with a center axis of tubing passing through the gripping zone, the
method comprising; driving at least one of the plurality of elongated gripper chains with a drive
system to move the tubing passing through the gripping zone; applying a uniform force to the
plurality of gripping elements when within the gripping zone; momentarily reducing the pressure
on at least one of the plurality of gripping elements when in at least one predetermined strain
relief segment at an intermediate location within the gripping zone, while maintaining the
pressure on remaining ones of the plurality of gripping elements within the gripping zone but
outside the at least one predetermined strain relief segment, the reducing of the pressure allowing
the at least one of the plurality of gripping elements to reset its position with respect to the tubing
without causing the remaining ones of the plurality of gripping elements to lose grip on the

tubing,

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]FIGURE 1 is a perspective view of a representative coiled tubing injector.

[0011] FIGURE 2 is a plan view of only the chain, mounted with gripper

elements, and a skate of the representative coiled tubing injector of claim 1.

[0012]FIGURE 3 is a detail view of FIGURE 2.

3b-
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[0013]FIGURE 4 is a side view, showing its profile, of one of the skates shown in
FIGURES 2 and 3.

[0014]FIGURE j5 is a plan view of the skate of FIGURE 4.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0015] In the following description, like numbers refer to like elements.

[oo16]Referring to FIGURES 1, 2 and 3, injector 100 is intended to be generally
representative of coiled tubing injectors. It has two, counter rotating drive chains 102
and 104. Each of the chains carry a plurality of gripping elements or grippers 106. The
chains are thus sometimes also referred to as gripper chains. Each of the grippers-on a
chain is shaped to conform to, or complement, the outer diameter or outer surface
curvature of tubing 109 (not shown in FIGURE 1) that will be gripped. In one
embodiment, the grippers may be comprised of a carrier, which is connected with the
chain, and a shoe for engaging the tubing. The shoe may also, in some embodiments, be
removable or replaceable. The grippers on the respective chains come together in an
area referred to as a gripping zone. As the tubing 109 passes through the injector it
enters the gripping zone. On the gripping zone, the grippers from each of the chains
cooperate to grip the tubing and substantially encircle the tubing to prevent it from
being deformed. In this example, the gripping zone is substantially straight, with the
sections of the respective chains within the gripping zone extending straight and parallel
to each other. The center axis of the tubing is coincident with a central axis of the
gripping zone. In the illustrated example, which has only two chains, chains 102 and 104
revolve generally within a common plane. (Please note that, in FIGURE 1, chains 102
and 104 are cut away at the top of the injector in order to reveal the sprockets on which
they are mounted.) Injectors may comprise more than two drive chains. For example, a
second pair of drive chains can be arranged in an opposing fashion within a plane that is
ninety degrees to the other plane, so that four gripping elements come together to

engage the tubing as it passes through the injector.

[oo17]Referring now only to FIGURE 1, chains of an injector are mounted or

supported on at least two sprockets, one at the top and the other at the bottom of the
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injector. The upper and lower sprockets are, in practice, typically comprised of two
spaced-apart sprockets that rotate around a common axis. In the representative
example of FIGURE 1, only one of each pair of sprockets 108 and 110 is visible. (The
sprockets are not indicated in FIGURES 2 and 3.) The upper sprockets in this example
of an injector are driven. The drive sprockets are connected to a drive axle or shaft that
is rotated by a drive system. Only one shaft, referenced by number 112, for upper drive
sprocket pair 108, is visible in FIGURE 1. The lower sprockets, which are not visible in
the figures, except for the end of shafts 114 and 116 to which they are connected, are not
driven in this representative injector. They are referred to as idler sprockets. The lower
sprockets could, however, be driven, either in place of or in addition to, the upper
sprockets. Furthermore, additional sprockets could be added to the injector for the

purpose of driving each of the chains.

[0018]The sprockets are supported by a frame generally indicated by the
reference number 118. The shafts for the upper sprockets are held on opposite ends by
bearings. These bearings are located within two bearing housings 120 for shaft 112 and
two bearing housings 122 for the other shaft that is not visible. The shafts for the lower
sprockets are also held on opposite ends by bearings, which are mounted within
moveable carriers that slide within slots with the frame. Only two front side bearings
124 and 126 can be seen in the figures. Allowing the shafts of the lower sprockets to
move up and down permits the chains to be placed under constant tension by hydraulic

cylinders 128 and 130.

[oo019]The frame 118, in this particular example of an injector, takes the form of
a box, which is formed from two, parallel plates, of which plate 132 is visible in the
drawing, and two parallel side plates 134 and 136. The frame supports sprockets,
chains, skates and other elements of the injector, including a drive system and brakes
138 and 140. Each brake is coupled to a separate one of the drive shafts, on which the
upper sprockets are mounted. In a hydraulically powered system, the brakes are

typically automatically activated in the event of a loss of hydraulic pressure.

[0020]A drive system for the injector is comprised of at least one motor, typically

hydraulically driven, but electric motors are also used: Injector 100 has two motors 142
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and 144, one for each of the gripper chains. More motors could be added for driving
each chain, for example by connecting them to the same shaft, or by connecting them to
a separate sprocket on which the chain is mounted. The output of each motor is coupled
to the shaft of the drive sprocket for the chain being driven by the motor, the motor
thereby also being coupled with the chain. Each motor is coupled either directly or
indirectly, such as through an arrangement of gears, an example of which is a planetary
gear box 145. However, only one motor can be used. It can drive either just one chain
(with the other not being driven) or both chains by coupling it, directly or indirectly,
through gearing a drive sprocket for each chain. Examples of such gearing include a
differential gear drive with multiple outputs or by gears coupling the two drive sockets.
If a hydraulic motor is used, it is supplied, when the injector is put into operation, with
pressurized hydraulic fluid received over hydraulic lines connected with a power pack,
the power pack comprising a hydraulic pump powered by, for example, a diesel engine.
The same power pack can be used to operate other hydraulic circuits, including

hydraulic cylinders for generating a gripping force, as described below.

[oo21]Referring to FIGURES 1-5, although not visible in FIGURE 1, coiled
tubing injector 100 includes for each chain 102 and 104 a skate 146 and 148,
respectively, for pressing gripping elements 106 within the gripping zone against tubing
109. The skates apply a normal force to the gripping elements, which transfer that force
to the tubing to generate frictional force (referred to as the gripping force) for holding
the tubing as it passes through the gripping zone. The greater the normal force, the
greater the gripping force. The normal force is generated in part by a plurality of
hydraulic cylinders. The cylinders are not shown in the figures. In one embodiment,
each of the hydraulic cylinders are connected at a discrete position along the length of
the gripping zone, one end to each of the two skates. They generate equal forces to pull
together the skates at multiple points along their lengths, thereby applying uniform
gripping pressure against the tubing 109 along the length of the skates. Multiple
hydraulic cylinders could, in alternative embodiments, be arranged to push the skates

toward each other.
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[o022]In order to avoid deforming or damaging the pipe, the skate applies the
normal force uniformly along the length tubing within the gripping zone, when the
gripping elements have properly seated against the tubing. To do this the skate presents
a planar surface, along which the gripping elements move. In this example, in which
gripping elements have rollers on their back sides, the rollers 152 roll along planar
rolling surface 150 while the grippers engage tubing within the gripping zone. The
rollers roll or travel along a predetermined path that extends the length of the planar
rolling surface. The planar rolling surface extends along a central portion 154 of the
skate, which coincides with the gripping zone, but tapers away from the chain in
transition zones 156 at the ends of the skate. The rolling surface is parallel to the axis of
tubing 109 as it passes through the gripping zone. Each gripper 106 has attached to it a
roller 152. In the illustrated embodiment, and best shown by FIGURE 1, each roller is

comprised of two cylindrical elements mounted for rotation on a common axis.

[oo23]Although the skate illustrated in the figures is embodied as a single,
beam-like element having a flat, planar surface on one side, it is intended to be
representative. The skate may also be constructed as multiple elements that are joined
together or otherwise held in a position relative to each other in manner that they

present collectively a planar rolling surface.

[0024]During operation of the injector, when the tubing has been lowered into
the well bore to the point that the weight of the tubing and tools attached to it exceeds
the hydrostatic well pressure, the load on the tubing, and thus the stress on the tubing
being held by the injector, is a function of the difference between the total weight of the
‘tubing in the hole and attached tools, and the hydrostatic pressure within the well. The
tensile stress on the tubing will be greatest at the bottom of the injector, where it enters
the gripping zone, and will be near zero at the top of the injector, at the point the tubing
exits the gripping zone. (The reel on which the tubing is wound will place tension on the
tubing as it exits the injector head.) Thus, the strain in the tubing will be greatest at the
bottom of the gripping zone, near the well bore, and near zero at the top of the gripping
zone. The stress, and thus the strain, on the gripper chains is, however, the inverse. As

tubing 109 extends upwardly through the gripping zone, it shortens, but the chain
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lengthens. The contraction of the tubing and the lengthening of the chain generates an
axial force. Essentially, stress that is being relieved is being at least partly transferred to

the gripper.

[oo25]Formed on each rolling surface 150 of skates 146 and 148 are one or more
strain relief regions. In the illustrated embodiment, there are three strain relief regions
in the form of shallow grooves 160a, 160b and 160c that are formed (such as by
machining or otherwise) on the central portion of the skate at three, predetermined,
spaced-apart locations, within the gripping zone. The strain relief regions allow for a
predetermined lateral movement of the roller 152 away from the tubing (and central axis
of the gripping zone) and thus also of the gripper 106 to which it is attached, that

momentarily at least partially unloads the normal force.

[0026]The momentary lateral movement or displacement of the gripping
element results in a reduction of the normal force being applied by the gripping element.
However, the reduction or removal of the normal force does not necessarily result in the
loss of contact between the gripping surface of the gripper elements and the tubing, the
amount of the reduction is substantial and sufficient enough to reduce friction between
the gripping element and the tubing to a point at which relative movement of the tubing

and the gripping element can occur.

[oo27]Each of the one or more strain relief regions on a skate, in effect, divides
the gripping zone for the gripper into at least one strain relief segment between two or
more traction segments. Each strain relief segment allows a gripping element, as it
moves between the traction segments, to reset its position on the tubing while gripping
elements within the traction segments continue to generate axial force for gripping the

tubing.

[o028]In the illustrated embodiment the widths 162a-162¢ of the grooves 160a-
160c are the same. Furthermore, the transitions from the planar rolling surface 150 to
the groove are curved, allowing for a more gradual reduction and smoother rolling. The
length of the strain relief regions, which correspond in the illustrated embodiments to

the widths of the grooves (and thus the length of the strain relief region), determines the
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time during which the normal force being applied by a gripping element tubing is
reduced. In one example, the width of the groove is approximately the width of the
roller when the roller is centered and touching the deepest point of the groove. In an
alternative embodiment the groove is widened to lengthen the time during which the
normal force applied to the gripper is substantially decreased or removed and the tubing

permitted to slip relative to the gripper.

[0029]In the illustrated example there are three strain relief regions, spaced
equally apart on the skate. However, in an alternative embodiments, the strain relief
regions need not be evenly spaced apart. Alternative embodiments may also have fewer
or more than three stress relief points. Furthermore, in embodiments of skatés with
multiple strain relief regions, the lengths of two or more of strain relief regions (e.g. the

widths of the grooves 160a-c) can be different from each other.

[o030] In the illustrated example, the grooves 160a-160c on each skate are
aligned so that gripping elements on opposite sides reset at the same time. However, in

alternate embodiments, these may be offset.

[0031] Strain relief regions may be formed, in alternative embodiments, by
indentations, concavities, or slots of different shapes, by gaps between segments or
pieces of a multi-piece skate, or by any other type of interruption in the planar rolling
surface of the skate that results in at least a controlled and/or predetermined reduction
of the normal force being applied by a gripping element moving past the strain relief
region, in an amount sufficient for permitting relative movement of the gripper with

respect to the tubing during the period in which it is within the strain relief region.

[0032]10ne potential benefit of controlled release of strain on the tubing as it is
passing through the injector is the reduction of the risk of runaway slips. Because the
pulling force of the injector results from the normal force applied to the gripper
multiplied by the coefficient of friction, the capacity of a gripping element to create a
pulling force is dramatically reduced once relative motion between a gripping element
and tubing starts. Once a gripping element or set of gripping elements begin to move

relative to the tubing, the axial force that results from the applied normal force and
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friction fall dramatically. Friction coefficients for steel on steel depend on steel
hardness, surface finish or condition, and lubrication. The static coefficients of friction
for steel on steel of the type used for tubing and grippers range between .75 and .11, dry
and lubricated, respectively. The dynamic coefficients drop to .42 to .03 for dry and
lubricated surfaces. The coefficient of friction varies dramatically when static contact
between the tubing and the gripper changes to dynamic. If gripping falls to the point
that the injector can no longer generate enough axial force to hold on to the tubing, a
“runaway” slip occurs, resulting in loss of control of the tubing and sliding damage to
the outside of the tubing along with possible damage to the gripping elements.
Increasing the normal force to increase friction may damage the tubing. Controlled
relief of strain through the gripping zone, in the manner described above, tends to

reduce the risk of runaway slips.

[0033]The foregoing description is of an exemplary and preferred embodiments
employing at least in part certain teachings of the invention. The invention, as defined
by the appended claims, is not limited to the described embodiments. Alterations and
modifications to the disclosed embodiments may be made without departing from the
invention. The meaning of the terms used in this specification are, unless expressly
stated otherwise, intended to have ordinary and customary meaning and are not
intended to be limited to the details of the illustrated structures or the disclosed

embodiments.

-10-



CLAIMS

What is claimed is:

1. A coiled tubing injector, comprising:

a plurality of elongated gripper chains, each of which is comprised of continuous chain
loop having mounted thereon a plurality of gripping elements, the plurality of elongated gripper
chains having sections that are arranged to form between them a gripping zone for gripping
tubing when placed between the sections of the elongated gripper chains, the gripping zone

having a central axis aligned with a center axis of the tubing passing through the gripping zone;

a drive system coupled with at least one of the plurality of elongated gripper chains;

for each elongated gripper chain in the plurality of elongated gripper chains, a skate
extending behind one of the sections of the elongated gripper chains that form between them the
gripping zone for causing gripping elements on the continuous chain loop to apply to the tubing,

when passing through the gripping zone, a force normal to a surface of the tubing;

wherein at least one skate behind at least one of the plurality of elongated gripper chains
has formed thereon at least one strain relief region for dividing the gripping zone into a strain
relief segment between two traction segments, the strain relief region reducing the amount of the
force a gripping element applies when it moves into the strain relief segment as compared to

what it applies when it is located within either of the two traction segments.

2. The coiled tubing injector of claim 1, wherein the amount of reduction in the force is
sufficient for permitting the gripping element within the strain relief segment to slide with
respect to the tubing when passing through the strain relief segment, without causing loss of

traction by gripping elements on the continuous chain loop within the traction segments.

3. The coiled tubing injector of claim 1, wherein each of the skates has formed thereon one
or more planar surfaces, along which the gripping elements on each of the plurality of elongated

gripper chains ride when they are within the gripping zone, and wherein the strain relief region

-11-
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comprises an interruption in the one or more planar surfaces for allowing a gripping element

within the strain relief segment to move laterally away from the tubing.

4. The coiled tubing injector claim 3, wherein the interruption is comprised of one of a

groove, slot, gap, concavity, or depression.

5. The coiled tubing injector of claim 1, wherein each skate behind each of the plurality of
elongated gripper chains has formed thereon at least one strain relief region for dividing the
gripping zone into a strain relief segment between two traction segments, the strain relief region
on each skate reducing an amount of force a gripping element applies when it moves into the
strain relief segment as compared to what it applies when it moves within either of the two

traction segments.

6. A coiled tubing injector, comprising:

a plurality of elongated gripper chains, each of which is comprised of a continuous chain

loop having mounted thereon a plurality of gripping elements;

the plurality of gripper chains having sections that are arranged to form between them a
gripping zone for gripping tubing, the gripping zone having a central axis aligned with a center
axis of the tubing passing through the gripping zone; wherein each of the plurality of gripping

elements of each of the elongated gripper chains comprises at least one roller;

a drive system coupled with at least one of the plurality of elongated gripper chains;

for each elongated gripper chain in the plurality of elongated gripper chains, a skate
extending behind the section of the elongated gripper chain for causing the plurality of gripping
elements on the continuous chain loop to apply to the tubing when passing through the gripping
zone a force normal to a surface of the tubing sufficient to grip, the skate having a planar rolling
surface extending along at least a portion of its length, along which the rollers of the plurality

gripping elements roll on a predetermined path when within the gripping zone;

-12 -
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wherein the planar rolling surface of the skate behind at least one of the plurality of
elongated gripper chains comprises at least one interruption between ends of the planar rolling
surface, into which the at least one roller of the plurality of gripping elements can roll when the
plurality of elongated gripper chains are rotated, the interruption having a predetermined depth

and width and a portion of the planar rolling surface on each side.

7. The coiled tubing injector of claim 6, wherein the interruption accommodates a
predetermined lateral movement away from the central axis of the gripping zone by the at least

one roller of at least one of the plurality of gripping elements.

8. The coiled tubing injector of claim 6, wherein the interruption comprises one of a groove,

slot, gap, depression or concavity.

9. The coiled tubing injector of claim 6, wherein the planar rolling surface of the skate
behind at least one of the plurality of elongated gripper chains comprises at least two
interruptions, each of which has a predetermined depth and width and a portion of the planar

rolling surface on either side of the interruption, along the path of the rollers.

10.  The coiled tubing injector of claim 6, wherein the planar rolling surface of the skate

behind each of the plurality of elongated gripper chains has at least one interruption.

11. The coiled tubing injector of claim 10, wherein the interruptions in the planar rolling

surfaces of each of the skates are aligned with each other.

12. A method for controlling the strain on tubing extending through a coiled tubing injector,
a plurality of elongated gripper chains, each of which is comprised of a continuous chain loop
having mounted thereon a plurality of gripping elements, the plurality of elongated gripper
chains having sections that are arranged with respect to each other to form between them a
gripping zone for gripping tubing, the gripping zone having a central axis aligned with a center

axis of tubing passing through the gripping zone, the method comprising;

-13-
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driving at least one of the plurality of elongated gripper chains with a drive system to

move the tubing passing through the gripping zone;

applying a uniform force to the plurality of gripping elements when within the gripping

zZone;

momentarily reducing the pressure on at least one of the plurality of gripping elements
when in at least one predetermined strain relief segment at an intermediate location within the
gripping zone, while maintaining the pressure on remaining ones of the plurality of gripping
elements within the gripping zone but outside the at least one predetermined strain relief
segment, the reducing of the pressure allowing the at least one of the plurality of gripping
elements to reset its position with respect to the tubing without causing the remaining ones of the

plurality of gripping elements to lose grip on the tubing.

13.  The method of claim 12, wherein the reducing of the pressure on the at least one of the
plurality of gripping elements occurs in a plurality of predetermined strain relief zones spaced

apart at intermediate locations within the gripping zone.

-14-
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