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NEW GENERATION
FRICTION WELDED
DRILL PIPE

rill pipes for directional drilling,

that we shall call simply ddr

tacronym of directional drilling
roil) represent ome of the most importan
components for drilling installations. Ther
importance comes from the fact that the
overall performance of drilling  installa-
tons i lerms of minimum curve radius
and maximum  pull-back length  depend
essentially, on a par with the performance
of the machine, on the ddr that is used.
Rod lacking in certain mechanical charag-
teristics does nol allow a good enough per-
formance even when the rest of the
machinery used is optimal.

Apart from its mechanical performance,
the ddr can also allow the reduction of
operating costs through reduction of the
internal hydraulic resistance that the fluids
used come up against when flowing
through the drill stem. With this aspect in
mind, the Colli Drill Pipe DDR LIHR rep-
resents an innovation in the field of drill
pipes for directional drilling,

CHARACTERISTICS
In directional dralling. the main characier-
istics needed for the ddr are a high elastic-
iy and a high mechanicul resistance. It is
known that the dnll stem 15 sobject 1w a
series of external forces and deformations
that puts each individual section of rod
under an exireme state of mechamical
stress, during directional drilling.

The external forces are those transmitted
tex the drill stem from the rig and also when
the situation arises, from the down the hole
hammer. Each individual section of pipe is
subject o sress from an intense seéries of
different forces among which the follow-

ing are nearly always presenl: tension or
compression,  [lexure, lorsion,  impulse
torces of combined tension-compression
(edue 1o the use of the down the hole ham-
mer),

The flexional forces can arise from the
et that the pilot hole is nearly always
curvilinear {particularly in the zone of the
entry and exit of the hole). The rods are
thus forced to rotate into a hole with
curvilinear profile, that is, under the
actiom of an external mmposed deforma-
tion which 15 eguivalent to an applied
stress. The ideal type of steel for the man-
ufacture of the ddr should therefore have
a high elasticity in terms of yeld poin
I{F“.E‘ﬁ*. in such a way as to allow large
deformations in use (withoul permanent
deformation after use) under the action of
extreme forces.

For example, for o drll stem made up of
rods with 60.3 mm eaternal diameter and
474 mim internal dameter, pul  under
stress by a nig able w produce 5,000 Nm of
orgue and 130 kN of pullback, moving
around a corve with a radius of 2000 m, the
section under haghest stress 18 subject o a
maximum tensile force of 535N/mm’. This
figure falls 1w 458N/mm° if the radius of
the curve increases (o 30 m, The maximum
force greatly increases if the down the hole
hammer is used.

This simple example above shows how
T the muanulacture of ddr, exceedingly
high specification steels are required.

For the manufacture of the Colli Drill
Pipe DDR LIHR a high resistance sieel is
used (42CeMod) the minimum mechamical
characteristics of which, prescribed in the
EFuropean Norm EN O O3 part 1. are
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strength), These are very high values even
when taking into aceount the good resis-
tance 1o shock loading that this steel has
(KY =301},

LIHR is a friction welded drill pipe. For
the welding of such a particular tvpe of
steel, a friction welding process has been
developed using a successive heat treat-
ment process (with an induction  unit)
which guarantees the production of joins
with a resistance and resilience equal to, if
not better than, the base metal.

The main advantages offered by didr
made by assembling tube o pre-machined
ol jomts are the tollowing:

First, the ol joints are entirely tumed
o numerically controlled lathes. In thas
wiy, as well as obtaining an high quality
finish on the threads and on the external
surtaces in general, it 18 possible 1o obtain
rigorously controlled surtaces and rough-
ness for converging, diverging and mini-
mal intermal ducis, This aspect is very
important  because it contributes to the
reduction of the hydraulic resistance that 1s
present on the mside of the rod bringing
the benefit, as we shall see, of an apprecia-
ble reduction in drilling cost.

Second. the ool joinis can undergo
appropriate heal treatment (i, nitrding)
that guarantee 4 high resistance (o the
threads, foreseeing the problem of them
serzing, and facilitating the setting up and
breaking-olf operations of the doll stem.

Thas is not possible for example for one
picce [orged rods in that particularly for
converging and diverging parts (that any:
way are nol differentiated ) it 15 impossible
e work the internal surfuces of the con-
nections on a lathe, with the result that the
finished article has parts of the internal
ducts (converging and diverging ) that can-
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not be made to conform 1o any satisfactory
form or finish.

From a hydraulic point of view. a drill
stem is basically a long tube in which a
senes of energy transformations take place
with the motion of the Muid during wse
(air, water, mud). Not all the original Nuid
energy (Kinetic and energy due to pressure)
is in a useable form at the end of the drill
stem. A part of the energy i transformed
during the passage of the fuid into energy
forms that cannot be used for the required
application,

Generally, the energy which cannot be
used 15 that found in the form of heal or
kinetic energy ansing from the trbulent
maotion of the Muid present in certain tracts
of the tube. These energy transformations
that represent for us losses are due (o three
main causes: The Mud s not an ideal Aud
meaning that it has a certain intermal fric-
tion of viscosity: the walls ol the tube cre-
ate a certain resistance 1o the movement of
the fluid due to the friction between the
fluid and the walls of the tube; and along
the drill stem there are sharp changes in
cross section (particularly ai the connec-
lions between rods) where turbulence in
the fluid occurs,

Concentrating our attention on the third
of these above aspects, 11 is easy (o sec
how in the connection between two [ull
O.D. type rod (Fig. 1), there 15 a reduction
of the cross section (converging) followed
by a briel passage having a constant cross

section (the minimum mternal duct) which
in twrm is followed by an increase in cross
section (diverging ).

In the areas of comnections between
rods, there is highly turbulent flow, the
miensity of which (with other variables
remaining constant) varies as a function of
the geometry of the wvarious parts that
make up the connection between rods.

As far as the minimum internal duct is
concerned, two important aspects should
be remembered: That the hydraulic resis-
tance along the dnll pipe will increase with
# decrease in diameter; and the wrbulence
present in the converging and diverging
sections will be more intense the smaller
the ratio of the smallest internal cross sec-
tion (the minimom internal duct) is w the
cross section of the tube,

As has already been noted, the energy
transformed into a non useable form rep-
resents for us lost energy, The greater this
energy loss is, the less the flow and/or the
pressure of the flud at the dnll stem exit
will be, This can be seen as a lower pro-
ductivity in the drilling (meters/day) and
as o larger consumption of energy by the
equipment used o pump the fluid (pump,
compressor), and so in general as an
increase in  the overall unit cost of
drilling.

There exists therefore, a component of
the production cost that varies as a func-
tion of the hydraulic characteristics of the
ddr used,

To reduce this component of the overall
cost, one should look at the causes which
give rise to the hydraulic resistance talked
about above,

The friction between the tube walls and
the moving fluid depends, among other
things, on the roughness of the walls. A
high quality finish of the walls can pro-
duce 8 noticeable redoction in  the
hydraulic resistance. Another parameter on
which it is possible to act, again o reduce
the hydraulic resistance, is the internal
form of the internal ducts in the area of the
rod connection,

If these connection parts of the rod (in
particular the converging, diverging and
minimum internal duct) are well designed
then the areas where turbulence occurs can
even be eliminated with a notable reduc-
tion in the energy loss.

LIHR

The ddr LIHR (low internal hydraulic
reststance) has been designed with the
objective of significantly reducing the
energy losses related 1o the connection
between rods.

If we look at a longitudinal section of
the connection between normal sections of
i drill pipe that have been friction welded
tfig. 23, we immediately notice the internal
flash that results from the welding opera-
tnon, This flash gives rise to (In an area

COLLI DRILL PIPE DDR LIHR

Figure 3.
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which s already sensitive o the fluid
flow) more hydroulic resistance  which
causes wrbulence m the Mwd and so a cer
tain loss in useful energy

In the design of the LIHR series, one of
the first problems tackled was thus to pro-
duce a jmn {(frichion welded) that didn't
have this typical internal flash

This was possible thanks 1o the devel-
opment of o particular friction welding
techmgque  (internationally  patented by
Colli Drill and FWA covering all PCT
countries) used n the manufacturing
stage of the ddr which encases the mnter
mal flash.

After much study and above all after
much experimentation, excellent results
have been produced. The internal flash is |
perfectly integruted wn the body of the wol
joint and the mechamcal strength (break-
ing strain and resilience) is equal (o that of
the base material. Eliminating the miternal
flash. it has been possible 10 optimize the
rdd function from a hydraulic poim ol
view,

To solve this second problem, hvdraulic
prefiles were studied being different for
andd  diverging  wacts.  This
means that the LIHR rod can be wsed in
just one direction,

I'he special form of the mtermal ducts in
the converging and diverging parts guaran-
lees a notceable reducton of the tarbalent
rone (Fig, 3),

COTYETEINE

TESTS

[ measure the effect of these design inno-
vatons, varous simple experiments were |
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undertaken which are very easy 1o repro-
Faor lests, normal  friction
welded dedr (X-senes typet and LIHR type
dedr were used (hoth produced by Colli
Drill Sl

Both the rods used (full O.D. type) had
the following characteristics: 3 m long,
external diameter 6003 mm, internal diam
eler 474 mm minimuom passage internal
diameter 20 mm. Each drill stem was made

duce, these

up of 200 sections EIVING i todal leneth of
fid m

the two drll stems (which were per
fectly aligned alongside each other in such
a wav as o have identical paths (fig, 4))
were first supplied with air as the fluid and
then with water.

The velocity of the flow of the air and
water at the outlet (into the aimosphere) of
the two pipes was measured, Each drill
stem having identical conditions for the
[Tuid exiting the pipe and identical supply
(r.p.m. of the compressor motor, and imitial
pressures of the air and of the water)

Using the LIHR type ddv, with air as the
Muid, an increase of the outflow velocity
(and thus of overall Nlow) was measured
H |

Av_ To=A0)Fo=+10.0%

and an increase i the wvseful kinetic
encrgy of the fluid equal wo:

AE. %o =+21 0%

whereas with the water. the increases
measured, using the LIHR type ddr, were

Ot low velocity and flovw;
Av, To=A) Te=+10.5%

Kinetic energy of fluid; AE =+22.0%

The velocity of the outflow of air was
measured wsing a simple device (fig.4)
which was comprised of a Fan linked to the

shaft of an electric motor that was turned
by the action of the flow of air on the fan
The voltage produced by the motor was
proportional 10 the Mow of air. Obviously,
the nozzle and fan had the same geometry
for each type of tested ddr (LTHR and X-
Series),

For the experiment with water, an even
smpler method was vsed. What was mea-
sured in thes case was the distance tray-
elled by the wuater jet leaving the pipe
using a nozele fixed o each rod in turn
(hg. 31 To calculate the exit velocity of
the water, a formula was applied the valid-
ity of which depends on the following con-
ditions: Low outflow velocity; Low pres
sure;  Compact  waler and small
distance of water jet,

In these condimions, the error in measur-
ing was + 1 cm. The results were obtained
as anticipated from two drill stems 6 m
long.

Lsing simple energy considerations, the
results obtained can be extrapolated for the
reneril case

Considering two drill stems of equal
lengih: Li=n-s, {where n is the number of
riids and s, the length of 4 single rod)
being perfectly aligned and horizontal, 1
we call H the initial energy
that enters each of the drll stem. at the
extl of the tluid from the dnll stem some
of the energy will have been converted
imnte kinetic energy of the fluid (that we
can express, cancelling out the specific
miass term of the fluid, as E =v 2g)
Another part of the energy will have been
used e overcome the resistance 10
maotion insile the tube. If we
energy lost {expressed again cancelling
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oul the specihic mass term) E, then will
b equal to the sum of two factors; The
energy lost due o the resistance present
of  the [meton of the tube  walls:
H=LpE,. Using the principle of conser-
vation of mass, this energy can be
expresscd, once the geometry of the tube
and the roughness of the tube walls have
been defined, as o function of the exi
velocily: Hy=Lpky,” (with k being con-
stant and L the complete length of the
drill stem excluding connections); and
the energy lost due to the localised resis-
tance from each of the n connections
between rods. Again, applying the con-
servation of mass, this loss can be
expressed, once the geometry of the
pipes has been established, as a function
of the exil velocity v.: He=nrk v,

We can writle: H=E +Hg+H [ 1]

As has already beéen seen, the lerms in
equation [ 1] above can all be expressed in
terms of the exit velocily v, and the num-
ber of sections n in the drill stem (onee the
geometry ol the tube, roughness of the
tube walls and imital energy H have been
defined):

2 1
H= 1't“[—+L].Ii+n rkl,]

g (2]
If equation [2] is written for each of the
tested drill stem, we have:

H=v, (£+nky)
H= "-J.'EI[F': +n 'kcl} [3]

where: |
2
Combining these equations [3], the ratie
of the velocities squared becomes;

) _E+kgn
2
cl ﬁ * hﬂ“ ["'1']

where k;; and k_; are physical-geomet-
rical coefficients related to the hydraulic
resistance in the connections between rods,
From [4] above we can get:

B5(n) =<

¥

#1‘12 ~kg
¢ +k_n
ﬁ el |.5]

This equation represents the way the
increase in kinetic energy varies with the
number of rods, n.

Applying (4] and |5] 1o the case in gues-
tion. if v, and k_; represent respectively
the exit velocity and the coefficiemt of
hydraulic resistance ol the single connec-
tions Tor the LIHR assembly and similary
¥ and K., for the X-series assembly, il 18
eusy 1o show that for equal mmitial condi-
Lions, with an increase in the number of
rods mothe ratio of the squares of velocity
lend to 4 value equal to the ratio of the
cocfficients that express the hydraulic
resistance of the connections between
rinds:

where n is very large [6]

On a practical level. this means that
reducing the hydraulic resistance of the
connections  between rods (awhere  all
other factors are equal) gives a grealer use-
ful energy. The minimum increase in use-
ful energy that is possible is (as o percent-
age ) equal wo;

k., -k

AE_ Yo = —=——=L . 100%|

el |'.?|

CONCLUSION.

Thanks 10 the use of speciul steels, an
imnovative welding technigque and the care-
ful design and testing of the product, it has
been possible to produce a didr that com-
bines high mechanical performance with
the possibility of the reduction of drilling
times and costs that the lower hydraulic
resistance of this ddv allows. Simple and
easily reproducible tests and a gualitative
analysis of the energy considerations perti-
nent to this application show that the gains

i energy possible can be considerable.
Colli Drill Pipe DDR LIHR 15 available in
5 different outside diameters; 35, 48, 6.3,
6.1 and BR.Y mm and lengths from (L6 1o
f.0) m.

by RENZO CHIRULLI

Friction Welding Associated Consulfants
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