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3.1 By—-pass Valve Assembly

It has two positions: b ypass and close (SeeFig. 2). Itisin
by-pass position during trip operation, and circulates mud
fluid in the drill string into the annular space by-passing
the idle motor, so that no mud may spray out onto the
platform during the trip operation. When mud flow rate
and pressure reach the setting value, the valve stem
moves down and closes the valve. Meanwhile, mud
stream flows through the motor,and converts the pressure
energy into mechanical energy. As mud flow rate is too
low, or mud pump stops, and as the pressure produced is
not enough to overcome the spring force and the static
friction force, the spring presses the stem upward, and
by—pass is in open position. In general, the cross---over
subs are used 1n deep well, large angle well, horizontal
well or when hollow rotor is selected (see Fig. 2-1).
3.2 Power Section Assembly

It consists of stator and rotor. Stator is made by
squeezing rubber sleeve on the wall of the steel
tube. There forms spiral structure with a certain geometric
parameter. Rotor is a crome-plated screw rod.

The basic principle of downhole motor goes like this:
Stator and rotor matches with each other, to form spiral
line and seal cavity through their guide rail difference.
With rotor running 1n the stator, the seal cavity 1s moving
along its axial direction, continuously forms and
disappears to complete its energy conversion.

Spiral sealline on rotor is divided into single end and
multi-end(stator with one more end than rotor). The less
ends the rotor has, the higher speed and the lower torque
1s. The more ends it has, the lower speed and the higher
torque 1s figure3 shows the sectional profile of several
typical motors.
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4(Fig.4)

3.2.1 Hollow Rotor Motor

To increase the hydraulic horsepower and the upward
speed of mud stream, rotor is manufactured into
hollow rotor with nozzles. Thus, motor total flow
rate is equal to the sum of the flow rate through seal
cavity and rotor. Each type of motor has its own
recommended maximum and minimum flow rate
value. If flow rate is too high, rotor may be running at
over speed, earlier damage would occur onto stator and
rotor. If it is too low, motor will stop operasng.
Therefore, the flow rate through seal cavity shall be
ensured or even higher than the recommended
maintenance value while selecting nozzle size. only in

this way. can motor be kept in normal operation. (see
Fig-4)
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When mud density, nozzle size and total flow rate is a
constant value, the flow rate through nozzle and seal
cavity always changes with the load. when the
bit-leaves the hole bottom, the load is next to zero.
Meanwhile, the flow rate through nozzle on the rotor
becomes minimum, but the flow rate through the seal
cavity becomes maximum. While the bit dropping
down, motor-pressure loss will contnuously increase,

and the flow rate through rotor nozzle will become

higher. but the flow rate through the seal cavity will

become lower.
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Based on the above recommended equation, the
customers can timely change different diameter
nozzles according to the actual demand, so as

to reach the desirable effect.

Allowed Maximal Clearance of Axial Bearing:(see Table.2)
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HARS ] B2
Size Clearance

¢ 43mm 3mm
¢ S4mm 3mm
¢ 73mm 3mm
¢ 89mm 4mm
¢ 95Smm 4mm
¢ 10Smm 4mm
¢ 120mm I Smm

. ¢ 165mm 6mm
¢ 172mm 6mm
¢ 185mm 6mm
¢ 197mm 7mm
¢ 203mm 7mm
¢ 216mm 7mm

| ¢ 244mm 8mm

3.3 Cardan Shaft Assembly

The funchion of the cardan shaft is to convert
planetary motion into fixed constant rotawon of
the drive shaft, to transmit torque and speed
from motor on the drive shaft, and to the
bit. Cardan shaft mostly uses flat shaft, but some
are flesmble shafts. Our flat type shaft used on
our downhole motor is made by linear cutting
technology. So the cut has high parallelism,
roughness can reach & and it doesn’ t damage
metal chemical composidon. Thus, it has a
longer munning life and less mechanical loss
(seeFig. 5).
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4.Model of Downhole Motor

=& 1)

141 & 5 ¥
Symbol of Shengde Company

D—EIRBHABABA :
D=bend angle types
D—aZ(ABTRARBTEL).
D—single bend(single bend housing or bend sub)
P-RIEBERANB(BEA+ABTTK).
P—large offset distance double bend housing in the same
direction(bend sub+single bend housing)
T—RRRE.
T—-double bend housing in the same direction
S—ﬁ'—lﬁ]n%‘:
S—double bend housing in two directions opposite to
each other
%“ﬁ%ﬂ-
Omitted—straight motor
K—Z R[S ESEREBER.
K—=-—Adjustable bend housing
W—Assembled with stabilizer
H—FE iR aEE.
H—Assembled with changeable stabilizer
F—EZTH¥ FHREFT (A —¥ FTEPRE):
F—Hollowed rotor(omitted—sclid rotor)
G—RTHRMBN2(G-MIAIS0C,; Krx-FiR1207T)
G—heat-resistant performance: (G-150T ;omitted—120TC)

PERXEXR®(I. 0. m. Iv., V. VL VI V@.....)
Design change times

ik B W(Im2.3. 4.5 )
Stages of power section(2.3.4. Sstage:--++*)

4535 B KAk REEE(MPa)
Max bit pressure loss(Mpa)

SRR mm)

Size of motor in millimeter(ODmm)

BHAERTGRS

Code of motor

¥1h¥
Lobes of motor

DispAJC-mk i, C-kKSROi5, D-E0i5. K-€X
BREDIE, Y-MERE. Ar5-%R)

Types of power section(JC—extended power section, C—long
guide rail, D—short power section, K—air or foam power
section, Y—oil based mud, omitted—conventional)
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(1)Drilling Plan and Program:

(2)Formation Edge Structure:

(3)Structure of Mud Flowing Channels:

(4)Determined Mechanical Drilling Speed:

(5)Estimation of Bit and Downhole Motor Running Life:
(6)Design of Bit Nozzle Pressure Loss.

Please refer to relevant professional information for details
about bit selection based on formation stiucture. Hereby it
briefly describes bit selection for performance of drilling
operasion with downhole motor.

A: Except bit nozzle pressure loss, inorder to avoid producing
higher pressure loss while drilling fluid flowing through bit
bottom, attention shall be specially paid to this matter when
the nozzle pressure loss has reached the specified loss value of
this kind drilling tool. This does not affect rock bit.
However, for the crown passage design of PDC bit, the
problem of whether the passing fluid area may cause much
extra loss should be considered. Meanwhile prompt discharge
of cuttings and bit cooling should be ensured.

B: Rock Bit: When this kind of bit is used with downhole
motor, it is more suitable for shorter drilling period, such as
directional deflection and re-entry etc.

C: PDC Bit: It is not only used for directional deflection,
and also more appropriate for longer drilling period, such as
vertical well drilling. During longer period of drilling
operation, the more important factor is to integrate bit with
downhole motor, and to avoid unnecessary trip operation due
tosome problem. Itis known that PDC bit can last longer than
rock bit, and it is integral in structure, thus having more
advantages.

D: To prolong running life of bit and tool is also an important
fact. It is helpful to extend screw life and to develop bit
property by improving stability of drive shaft, e. g.
stabilizer. And the close relationship between diamond with
geometric dimension, locason, drlling weight load and the
required high speed and lower drilling weight of downhole tool
should be considered. In general, it is hard to- obtain
satisfactory effect without strictly matching bit and downhole
motor, and it might also cause earlier damage of the tool .

5.5 Requirement for Hole Bottom Temperature: It is
unfavorable to the motor property, and it may intensify all
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there occurs some leakage from downhole motor. The seal
between stator and rotor may be damaged, and fluid going
through the damaged seal cavity is flowing out from bit nozzle.
When it is sticking due to this problem. fluid can be still
recycling through downhole motor with downhole motor
braking. Once downhole motor brakes, it shall be quickly
lifted away from the hole bottom to reduce drilling
weight,because downhole motor may be seriously damaged
with fluid flowing through the idie motor for longer time.
Additionally, the pressure loss at the bottom ends of downhole
motor shall be conxolled within the recommended range, to
ensure downhole motor in optimum working efficiency and
running life.

3.8 Hydraulic Calculation in Aduance: Indrilling operation,
the pumped mud flows successively through riser, swivel,
kelly into drill pipe, collar, non-magnetic collar, motor, bit
nozzle and annular space, and upwards to the surface. During
recycling, the loss caused from the friction of fluid itself and
the friction of fluid onto the pipe wall, hole wall and /or partial
flow will consume a certain energy .

The energy loss will be shown through the pressure loss. Total
pressure loss can be calculated by accumulating pressure loss in
each portion. The total pressure loss calculated according to the
determined drilling depth can be a parameter to determine the
pump pressure. It is complicated to calculate such large
amount of pressure loss. Therefore, the site operator can
adapt a simple method. Only by lifting the bit a little bit from
the bottom, the reading on the pressure gauge of main pipe shall
be the mentioned total pressure loss at the rated flow rate.
6.Application

when selecting the downhole motor and its combination, you
should work out drilling program, fully consider hole size,
hole trace, bit type, specification, formation structure and
hydraulic calculation.

6. 1 Surface Checking Before Tripping in

6.1.1 Except the connections between nipple and by-pass
valve, other connections on shell of downhole motor shall be
coated with locking agent,

6.1 .2 Assemble bit on the handling device, counterclockwise
rotate the drive shaft ends only with a chain wrench to protect
the inside threads from loosening .

6.1.3 Hoist lifting-sub, and put downhole motor into turntable
and by-pass valve into the center in easy watch position. And
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downhole motor may be damaged by sand bridge, hole
shoulder or casing shoe in the hole. When this happens. itis
usually required to star{ pump, toextend the hole slowly forits
passing .

1fit is a bent sub or bent shell, it is easily for bit side to touch
the hard rock strata and casing shoe etc. on the bore wall.
Please periodically rotate downhole motor combination to
eliminate the influence of lateral drilling .

As for deep and high-temperature well, it is advised
periodically to conduct middle way recycling while stripping in
the downhole motor. Thus, to protect the bit irom plugging or
protect the stator from damaging due to high temperature. In
case the fluid can not rapidly flow through the holes of by-pass
valve in the borehole, the stripping in speed should be slowed
down or suspended regularly for mud filling. Again in
stripping in, take care, so that no percussion or no direct
srip-in will occur.

6. 3 Start Downhole Motor: If downhole motor is located at
thehole bottom, you must lift it for 0. 3-0,. 6m. Then start the
pump and record the reading of the riser pressure. Compare it
with the calculated pressure value, it is also normal if it is over
the pressure of hydraulic calculation. This is caused from
lateral drilling .

Clear the hole bottom. 1n particular, for slant hole, the hole
bottom must be very*clean”, because the cuttings packed and
deposited in the bottom can affect the torque or deflechon. It
is best 0 clean it with normal recycling. While cleaning,
slowly turn the downhole motor or turn it by times(turning
30°-40° each time, gradually clean up the bottom. Then lift
downhole motor for 0.3-0.6m, calibrate and record the
pressure value.

Gradually enhance drilling weight when xipping into the
bottom again. Meanwhile, motor torque increases, riser
pressure on gauge increases, too. The pressure value should
conform to the motor pressure loss specified for giren type of
downhole motor. The increased value on the gauge indicates
motor load is normal or not, and also shows the added weight is
appropriate or not. Therefore, motor torque and drilling
weight can be kept stable by only limiting the riser gauge
reading to the recommended range. This makes drillers know
downhole motor operation timely .

When the bit is not in the bottom. if recycling pressure is
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