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world.
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This Motor Handbook is the latest edition of the technical
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motor product line. Included in this handbook are tables,
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O1TINTRODUCTION

GyroDrill Performance Motor

Gyrodata's GyroDrill performance motors are designed to
withstand the harshest downhole conditions while delivering

superior performance in a wide range of drilling applications.

The GyroDrill fleet is managed with a comprehensive serialized
component tracking system which greatly extends motor life

and ensures consistent reliability.
Design + Performance

Utilizes high strength alloy motor parts, including high
capacity thrust and radial bearings - extending motor

life and supporting higher weight on bit (WOB)

Entire fleet outfitted with hard rubber stators and
tungsten carbide coated rotors, delivering increased

reliability in harsh environments

Extensive selection of power section options, allowing
motors to be tailored to support varying bit speeds, an
array of downhole temperatures, fluid types and high

torque operations

Robust design, enabling motor to be run above RSS
and MWD systems for added at bit RPM and torque

Redundant 4 catch system, enabling full recovery of
motor system and other expensive RSS & MWD equipment

in the event of a back-off/twist-off

Market + Applications

Horizontal and Directional Drilling
Vertical Drilling

Performance Drilling

RSS & MWD Assist

High Torque Operations

One-Run Applications

Extended Reach Laterals

BHA Optimization

High DLS Curves

Laminated Formations
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Table 1-1
GyroDrill General Specs
m
D
%)
MOTOR |REC. HOLE| CONFIGURATION | speep o
RATIO HOUSING TYPE o)
LOBE STAGE (rev/gal) =
Adjustable
43/ 6-7"s 5/6 8.3 1.00 Fixed
Short BTB
Adjustable
3, —77
43/ 6-77s 7/8 2.6 0.26 Fixed
Adjustable z
43/ 6-77s 7/8 3.8 0.52 Fixed @]
Short BTB -
Adjustable 8
5 6-77s 6/7 8.0 0.81 Fixed (%] \
Short BTB o \
u A\
5 6-7"s 6/7 10.0 0.84 Fixed % r\;
S\
Adjustable \
1 7/a—83, \'N
6'- 77/s—-8% 6/7 5.0 0.29 Fixed \
Adjustable \
1 7/a—83,
6 775-8%a 7/8 3.3 0.14 i \
Adjustable \
63/ 812-97/s 4/5 7.0 0.50 Fixed \
Short BTB \
Adjustable A\
6%  8%-9%  6/7 5.0 0.29 Fixed 1IN |
Short BTB im
6% 8.-97%  7/8 3.3 0.14 GefmEEe
Fixed
T
Adjustable E
634 812-97/s 7/8 5.7 0.24 Fixed ~
Short BTB -
o
634 812-97s 4/5 7.0 Double Stabilized <
63/ 812-97s 6/7 5.0 Double Stabilized
634 812-97s 7/8 3.3 Double Stabilized
>
-
m
63/a 812-97/s 7/8 5.7 Double Stabilized >
m
%)
%)
7 8'2-97/s 5/6 8.3 0.38 Fixed z
=
[a%
7 812-97/s 6/7 6.5 0.23 Fixed <
[
m
Adjustable
8 97/s=12"a 7/8 4.0 0.17 Fixed
Short BTB
9%  ove17v /8 3.4 0.09 Fixed
Combo . :
5,
Cgﬁﬁ)o 12%-17%  7/8 5.9 0.17 Fixed
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01 INTRODUCTION

Gyrodata's Gyrodrill performance motor line adheres strictly
to our SQ?® program.

What is SQ3?

SQ® (Service Quality Cubed) is Gyrodata's proprietary,
multi-faceted approach that we have implemented across all
of our product lines globally to differentiate us as a supplier
and service provider that delivers both precision and accuracy
for superior performance on each and every job.

The SQ° seal is Gyrodata's promise to consistently provide the
highest level of reliability and quality service available.

Gyrodata's new SQ? initiative is both an educational program
and a certification requirement for the company's gyroscopic
survey operations in the field.

SQ*® highlights three main aspects of Gyrodata's services

through Quality Refinement:

System Quality - Precision engineered gyroscopic

systems, designed and manufactured in-house

Survey Quality - Enhanced data accuracy through

standardized procedures resulting in quality assurance

Service Quality - Exceptional value for our customers

through controlled process

ATTTTT T T T 7 7 R —
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02 MOTOR COMPONENTS

Top Sub & Power Section

Top Sub

The top sub is the uppermost portion of the mud motor with
an API tool joint box thread. The lower end is a Gyrodata
designed thread form that connects to the upper box thread
of the stator. All top subs are bored for a float valve.

Rotor Catch

The rotor catchis a standard motor component that is inserted
into the top of the rotor and runs inside the top sub. The catch
design works with either left or right-hand torque operations.
Its main function is to "catch” the rotor, and possibly the entire
motor in the event of a broken or backed-off connection below
the top sub.

Power Section

The power section is a Moineau pump operated in reverse when
drilling fluid pressure is applied. It transforms the hydraulic
energy from the drilling fluid pressure to mechanical energy
which rotates the articulated driveshaft, in turn rotating the bit.

Stator & Rotor Designs

The power section consists of a helically shaped rotor running
inside the stator.

The stator tube has an elastomer liner that is bonded to the
ID of the tube. The stator elastomer liner is similar to the
shape of the rotor. However, it has an additional lobe which
creates adequate clearance enabling the rotor to rotate
within the stator.

The rotor forms a continuous seal lengthwise with the stator,
creating wedge-shaped cavities. As drilling fluid is applied to
these cavities, the rotor is forced to rotate within the stator.

Multi-Lobe Configuration

Gyrodata's power sections utilize a multi-lobe configuration.
The motors use a rotor with a multiple lobe cross-section that
forms a helix.

The stator has one more lobe and a pitch length longer than
the rotor. The stator pitch length can be calculated by dividing
the number of stator lobes by the number of rotor lobes.
Rotor/Stator to Lobe Ratio

The rotor/stator configurations are designated by the ratio of

their lobes. Generally, as the number of lobes increases, the
torque increases and the speed decreases.

IR L RN
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Power Section

Stages

Another factor that affects torque is the number of spirals
each lobe translates over the rotor's length. One complete
stator spiral is referred to as one stage.

Extended power sections offer increased torque without
reducing speed by increasing the overall length and number
of stages.

Power Section Fit

The power section fit is established by rotor/stator interference
or clearance. This is the difference between the stator minor
diameter (lobe peak to lobe peak) and the rotor mean diameter
(lobe peak to lobe valley).

The power section fit is determined by the bottom hole
temperature (BHT), mud type required, etc.

Low BHT: The rotor fit is sized slightly larger than the stator,
creating an interference fit. Increasing the rotor/stator
interference, in turn, increases the sealing surfaces. This
produces larger pressure drops but decreases stator life due to
the elevated frictional forces causes by elastomer wear and/
or premature chunking.

High BHT: In these applications, the rotor/stator fit is
decreased. Elevated temperatures require the rotor/stator fit
to be reduced to achieve clearance (negative) fits. Clearance
fits and/or flush fits (rotor mean diameter and stator minor
diameter are the same size) are generally used when downhole
temperatures are expected to be above 200°F. These
clearances are measured at room temperature.

Increasing Power

Increasing the power output is achieved by extending the
length and increasing the number of stages of the power
section.

Since rotor/stator power is proportional to the number of
stages of a power section, increasing the number of stages
thus increases the power delivered. This can be achieved by
using an extended length power section. Extended power
sections are also used to produce more torque or an equivalent
amount of torque at a lower pressure drop, greatly increasing
power section life.

YI2 707202277 |
gyrodata
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Power Section

Factors Affecting Power Section Life

The most common mode of failure in power sections is damage
to the stator elastomer, also known as chunking. "Chunks”,
which consist of pieces of stator lobes, are torn or pulled away.
This is caused by frictional forces between the rotor and stator
rubber exceeding the tensile strength of the rubber.

Power section life can be lengthened by following the
recommendations outlined below:

Never exceed the recommended maximum operating
differential pressures outlined on the motor specification
sheets in chapter 4

Never exceed the recommended maximum flow rate
outlined on the motor specification sheets in chapter 4

Ensure that the appropriate power section fit is selected
for the specific drilling application

When utilizing oil based drilling mud (OBM), consider
the bottom hole operating temperatures (BHT) and the
aniline point (AP):

The AP (temperature) of an oil is an indication of its
tendency to cause swelling of the stator elastomer, and is
a measure of the oil's aromatic content.

Low AP: The lower the AP, the greater the swelling
tendency of the stator elastomer. Generally, stator
elastomer or bond degradation increases when the AP is
lower than 160. The aniline point gives a measure of the
solvent power of a petroleum product for aniline, which is
related to its solvent power for many materials.

High AP: At temperatures higher than the oil's AP, the
aromatic portion of the oil tends to penetrate and swell
the elastomer, reducing the strength and hardness. As the
swelling increases, the interference fit between the rotor
and stator also increases. This results in additional heat
build-up which leads to rapid degradation of the elastomer.

Larger power section fits will minimize the potential for
premature chunking

Avoid or minimize motor stalls

Minimize the amount of trash (metal filings, etc.) in the
drilling mud system

Closely monitor the age and condition of the stator's
elastomer, as this can help to reduce failures and
determine when relining is required
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Rotor Nozzles

Rotor Nozzles

Higher flow rates can be achieved by using tungsten-carbide
rotor nozzles. Rotor nozzles enable higher drilling fluid
circulation rates by diverting a portion of the drilling fluid
through the center of the rotor. They can also be used to
reduce the bit speed at these higher flow rates.

When the drilling requirements are within the operating
parameters, the rotor is then fitted with a plug.

The following hydraulic equation is used to determine jet size:

A= V(Q>x W)/ (Px10,858)

Where:

= Nozzle Area (in?)

= Flow Rate (gpm)

Mud Weight (ppg)

= Differential Pressure (psi)

20>
I

Refer to Table 2-1 for the flow area of a particular jet size and
Table 2-2 for the bypass flow for a particular jet size given
differential pressure.

Table 2-1
Flow Areas by Nozzle Size

/32 0.028
7/32 0.038
8/32 0.049
/32 0.062
o757 0.077
1o 0.093
12/32 0.110
B/6% 0.130
L2757 0.150
190 0.172
16/32 0.196
/7 0.249
20/32 0.306
22/32 0.371
24/32 0.442
26/32 0.518
28/3, 0.601
WBan 0.690

Y I 274072000727
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Rotor Nozzles

Table 2-2
Nozzle Size & Bypass Flow by Differential Pressure
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Driveshaft & Bend Housing Options

Driveshaft

The heavy-duty driveshaft assembly is a ball-driven design
that converts the eccentric rotation of the rotor into concentric
rotation for input into the bearing assembly.

The driveshaft transfers the thrust load from the rotor caused
by the pressure drop across it.

Ball drives are capable of withstanding the high torque of
extended power sections and still support adjustable bend
settings up to 3°.

The driveshaft assembly consists of upper and lower universal
joints along with a center driveshaft. The upper universal
connects to the lower rotor connection, and the lower universal
connects to the bearing assembly. Both universal joints are
lubricated, sealed and pressure balanced.

Bend Housing Options
Adjustable Bend Housing

The adjustable bend housing (ABH) connects the lower stator
to the bearing assembly. It was engineered to allow the bend
angle to be easily adjusted at 13 increments from 0° - 3°. These
angle settings are rig adjustable and can produce a wide
range of build rates.

Fixed Bend Housing
Gyrodata's GyroDrill performance motors can also be

assembled with a fixed bend housing (FBH), which also feature
an extensive range of bend angles.

FITTTT I 7777 .
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Bearing Assembly

Bearing Assembly

The bearing assembly transfers the rotation of the rotor
through the driveshaft to the drill bit.

The bearing assembly carries the following:

Compression Thrust Load
Created by weight on bit (WOB).

Radial and Bending Loads
Created while directional or steerable drilling.

Tension
Created when off-bottom as thrust loads are produced
by the pressure drop across the rotor and the drill bit.

Any load caused by backreaming
The bearing mandrel bit box is the lowermost connection of
the mud motor and is manufactured with an APl tool joint box
thread.
Maximum Bearing Assembly Life
Maintaining the proper flow rate and WOB will significantly
increase bearing assembly life. Refer to the detailed motor

specifications located in chapter 4.

NOTE

Exceeding maximum flow rate can cause the radial
bearings to wash

Exceeding maximum WOB can cause the thrust bearings
to wear prematurely
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Equipment Selection & Set Up

Job Preparation
Motor Selection

The motor selection process requires careful evaluation of
the following specifications: hydraulics, circulating fluid data,
speed, formation characteristics, and motor diameter.

Power Section Selection

The power section should be selected based on the performance
requirements for the specific drilling application. By evaluating
the relation of the power section output to the bit and formation
type, a proper power section can be selected.

Motor Bend Angle

The bend angle is determined by the required build rates
in degrees/100 ft. Refer to the motor specification sheets in
chapter 4.

Rotor Nozzle Sizing

A rotor nozzle can be utilized to bypass flow should the rate
exceed the recommended maximum. The nozzle is fitted in
the rotor catch and allows a portion of the fluid to bypass
through the ID of the rotor. This option must be selected prior
to shipping motors from the service facility. Refer to Table 2-1
and Table 2-2 for nozzle sizing.

Top Sub and Bit Box Connections

It is necessary that the requested top sub and bit box
connections match those of the rig.

Stabilizers

It is recommended that the stabilizer be under gauge by no
less than /8" and not exceed 4" . A ring gauge should always
be utilized to ensure that the stabilizer is within specification. If
a stabilizer is not required and the housing is threaded, a slick
sleeve thread protector must be used.

Pre-Run Motor Evaluation and Set Up

Visual Inspection

A visual inspection of the motor is recommended to check for
any signs of external damage to the motor.

Adjustable Bend Housing (ABH) Angle

Refer to Figure 3-2 for ABH alignment instructions.

Stabilizers

If the bearing housing is threaded, be sure that a stabilizer

or slick sleeve thread protector is used. Refer to Table 4-2 in
Chapter 4 for the recommended sleeve torque values.

IR L RN
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Bearing Assembly

Bearing Assembly Wear Measurements (Push/Pull)

To determine whether a motor is within acceptable wear limits
for new and/or continued operation, follow the steps below
both before and after motor runs:

1. Measure the off-bottom or tension gap between the lower
housing and bit box when the motor is hanging above the rig
floor (Refer to L2 in Figure 3-1)

2. Measure the on-bottom or compression gap when the motor
is standing on the rig floor (Refer to L1in Figure 3-1)

3. Subtract the "new" hanging gap minus the standing gap
(L2 - L1)

4. Subtract the "used” hanging gap minus the standing gap
(L2 -L7)

5. Lay the motor down if the difference between the hanging
and standing gap, new or used, exceeds those in Table 3-1

Formula New/Used L2-L1 = A

Figure 3-1
Push/Pull Measurements

VoL
Hanging
* L1 Gap

Standing

* Gap

Table 3-1

Push/Pull Measurements

MAX BEARING WEAR

MOT(Ci’:)S'ZE HANGING OR STANDING POSITION
(in)
4% - 5 0.20
6% 0.20
6% 0.20
7 0.20
8 0.20
95/s Combo 0.25
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ABH Alignment

Figure 3-2
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Break connection as shown.
Chain Tong 3-4 turns - DO NOT USE ROTARY TABLE.

Retract the Kick Ring.
Chain Tong Kick Ring. Align windows for desired setting.

Slide Kick Ring back to engage kick housing and Chain Tong snug.

Torque to proper setting per values in Table 3-2.

HOLD

1
0
e
ABH Adjustment Procedure

RIG TONG
1
2
3
4.
5
6
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101,700
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Standard Operations

Running In
A straight motor can be run in the hole normally.

However, when the motor is set at a non-zero angle, it is
advised to trip in the hole at a controlled rate. This should
be done when running the drill string through the blowout
preventer, casing shoes, liner hangers, ledges, or key seats to
ensure that the motor or drill bit does not hang up.

Do not run into bottom or bottom fill, as it could plug the bit
or damage the motor.

Starting the Motor

1. Begin circulating the motor off-bottom allowing the bit to
turn freely.

2. Continue circulating until the desired flow rate is
achieved. Avoid flow rates outside the recommended
values to prevent motor damage.

3. Record the off-bottom pressure.
Drilling

1. Slowly lower the motor to bottom, noting that the
standpipe pressure will increase as it is fully set (this is
the differential pressure).

2. Gradually increase the weight on bit (WOB) until the
optimal rate of penetration (ROP) is achieved. Maintaining
ideal ROP can be achieved by constantly monitoring
differential pressure and incrementally adjusting the
WOB as needed.

The standpipe pressure will gradually increase after the
hole cleaning due to the hydraulic energy required to lift the
cuttings. Therefore, it may become necessary to periodically
recheck the off-bottom pressure.

Bit torque is produced while the motor is on-bottom. The
torque is directly proportional to the difference between the
on-bottom and off-bottom pressure.

As the WOB increases, the bit torque increases as well.

As the bit drills off, the WOB, pressure and torque decreases.

Therefore, the standpipe pressure gauge can be used
as a torque indicator.

ATTTTT T T T 7 7 R —
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Standard Operations

Motor Settings Precautions
Rotary RPM

Fatigue loading on the motor can be produced when the
bend settings are within recommended values. As such, it is
recommended that the rotary speed not exceed the values
in Table 3-3, RPM Specs. Doing so will reduce rotational
and bending load across the motor which will minimize the
possibility of a motor failure.

Table 3-3
RPM Specs
MOTOR MAX RPM MAX RPM
BEND VERTICAL/LATERAL CURVE/TRANSITION
ANGLE SECTION SECTION
[ oranr seeeo o | rorany seeeo o |
0 80 80
0.39 80 80
0.78 80 80
115 80 80
1.25 80 80
1.5 80 80
1.75 80 80
1.83 70 60
2 60 50
212 50 40
2.25 40 30
2.38 0 20
25 0 0
2.6 0 0
277 0 0
29 0 0
297 0 0
3 0 0

If the customer requires the rotary speed to exceed the values
above, then excessive fatigue loads will be produced which
can increase the potential for a motor failure.
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Standard Operations

Stalling

Stalling occurs when the drill bit is overloaded. The differential
pressure increases while the ROP ceases. When a stall occurs,
the drilling fluid distorts the stator elastomer and flows
through the motor without turning the rotor.

If a stall should occur, the following steps should be taken
immediately:

1. Immediately shut down the rotary table.
2. If required, shut the pumps off.
3. Slowly release trapped torque using the rotary table brake.

4. Lift the bit off-bottom.

Following the aforementioned procedure will significantly reduce
possible motor damage and connection back-off.

Failure to properly respond to a stall may result in the following:

Continuous circulation through a stalled motor or
repeated stalling can seriously damage the stator
elastomer as well as other internal components.

If a stall occurs and the bit is picked up off-bottom, the
torque (which becomes trapped in the drill string) will be
released. Thus, possibly causing damage to the BHA or
cause connections to back-off.

Bit Pressure Drop

The bit pressure drop should not exceed 1,500 psi, as exceeding
this value increases the chance of bearing failure.

Tripping Out of the Hole and Surface Checking
No special procedures are required when tripping out of the hole.

As the motor reaches the surface it is recommended to do a
thorough visual inspection to identify any possible external
damage to the motor.

Prior to the motor being laid down and bit removed, it should
be flushed with water until it is flowing out the bit box. This is
especially important when the motor has been run in oil based
mud or elevated chloride content applications.

FITTTTT T 7 7 .
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Drilling Fluid

Drilling Fluid Selection

Selecting the appropriate drilling fluid is crucial to extend
motor life, but also essential to delivering superior performance
to drilling operation overall.

Chlorides

Drilling fluid containing chlorides, especially at elevated
temperatures, can cause corrosion that greatly reduces rotor
and stator life.

Although Gyrodata's rotors utilize a high-quality coat of
tungsten carbide, chlorides can still be detrimental to the
rotor's chrome coating. Therefore it is recommended that
chloride concentration never to exceed 30,000 PPM when
chrome rotors are in use.

Oil Based Mud

The GyroDrill performance motor can be run in oil based
mud (OBM), provided the operating temperature is less
than the aniline point (AP) of the oil. The AP value gives an
approximation of the oil's aromatic content.

Operating above the AP of the oil can cause swelling of stator
elastomer. Oil based mud will degrade the stator elastomer
making a reline necessary after each run.

EXAMPLE

If a motor is run in oil based fluids at a temperature
above the oil's AP, the aromatic portion of the oil will
penetrate the elastomer. The stator elastomer will
then swell and reduce in hardness and strength. As the
elastomer swells the interference fit between the rotor
and stator increases, resulting in the heat buildup and
eventual chunking.

As a solution, power sections with less interference or larger
clearance can help to limit the effects of swelling.

Mud Density
Drilling mud with a density greater than 16.0 lbs/gal can cause
irregular erosion of internal motor components including
stator elastomer due to suspended materials in the mud.
Mud material density recommendations:

Ensure sand content in drilling fluids do not exceed 1%

Corrected solids should not exceed 18%

Low gravity solid content should not exceed 6%
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Air or 2 - Phase Drilling

Air or 2 - Phase Drilling

Types

Mist

Occurs when the liquid fraction is greater than 2.5% at
downhole operating conditions. This ensures the liquid
remains as droplets within the gas.

Foam

Occurs when the liquid fraction is between 2.5% - 25%
at downhole operating conditions. Foam is specified as
"% foam quality”. This is the volume fraction of the gas.
Therefore, 60% foam quality is 60% gas and 40% liquid,
by volume.

Aerated Mud

Occurs when the liquid fraction is greater than 25% at
downhole operating conditions. In this circumstance, gas
stays as bubbles in the liquid.

Recommended Operations Requirement
Air Volume Requirement
3 to 4 standard cubic feet per minute (scfm) =1 gallon per
minute (gpm) of drilling fluid.
EXAMPLE 400 gpm = 1,200 - 1,600 scfm

Foam Volume Requirement
3'% - 4% scfm of air plus between 10 - 100 gpm of foam
injection is recommended.

Pressure Requirement
Approximately twice the amount required with normal fluids.

Lubricants

Utilizing dry air can cause friction between the rotor and
stator, resulting in short motor runs. As such, it is necessary to
ensure the stator elastomer is properly lubricated.

A lubricant created from mixture of soap/gel and water that
is injected at ~5% rate by volume at downhole operating

conditions is sufficient in most applications.

Standard Lubricants

Liquid Soap ..oooviiiei > to 1 gal/barrel of water
Graphite .......coooooiiiiiiil 4 to 6 lbs/barrel of water
Gel ... Y2 to 1lb/barrel of water

Oil ...

...0.1to 0.6 gal/hour

FITTTTT T 7 7 .
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Drilling with Air

Motor Selection

Sealed bearing assembly motors are traditionally preferred,
as air does not conduct heat as well as fluids. Mud lubricated
bearing assemblies are susceptible to seizing due to
overheating. However, this may not be an issue in aerated
muds. The main factor, when selecting a motor in an air or 2
- phase application, is minimizing the temperature generated
within the stator elastomer.

The following is recommended:

Select a stator that ensures a loose power section
fit versus one that would be run in fluid at a similar
temperature

Utilize the highest amount of liquid and lowest form
quality possible

Minimize the RPM

Maximize the allowable amount of time to circulate
through the motor

Drilling with Nitrogen (Nz)

Air consists of 78% nitrogen. The density of nitrogen is about
3% less than that of air at standard temperature and pressure.
The motor will operate the same on nitrogen as air.

NOTE

Nitrogen is an inert gas. The nitrile sealing components within
the motor (i.e., stator elastomer) are not typically affected
by nitrogen. However, the sealing compounds will absorb
nitrogen and other gases while under pressure. If the pressure
has been applied for an extended period of time and is
released too soon, the gas does not have enough time to exit
from the nitrile. This can result in explosive decompression,
leading to blistering of the stator elastomer. Normally, this is
not a problem with continuous pressure drops of 400 psi or
less across the motor.

Motor Operation On Air
When drilling with air, the motor will:

Be more weight sensitive than in fluids

Stall out at lower pressure

Require less weight on bit to drill
When drilling is completed, let the motor drill off as the
compressors and boosters are being shut down. Picking the
motor up off-bottom before the pressure is equalized can
cause the air compressed in the drill string to expand. This

can lead to high motor speeds, possibly causing damage to
the motor, including internal motor connections to back-off.
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Downhole Temperature

A reduction of stator elastomer strength can be caused by an
increase of the downhole circulating temperature. Therefore, a
reduction of the maximum recommended differential pressure
drop across the power section should be made to avoid
premature stator elastomer failure.

As illustrated in Figure 3-3, it is not required to reduce the
pressure drop if the temperature is at or below 140° F. However,
if the temperature is above 140° F, then the maximum rated
differential pressure obtained from the performance curves
(shown in chapter 4) should be multiplied by the differential
pressure reduction factor (shown in Figure 3-3).

Figure 3-3
Maximum Differential Pressure De-Rating for Power Sections
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TEMPERATURE (F)

The fit sections at the bottom of the Figure 3-3 - indicated as
"Std Fit", "OS Fit" and "2xOS Fit"- reflect the recommended
stator sizes that can be used at temperature.

While a standard fit stator can be used at temperatures
higher than 220°F, it is susceptible to premature failure due to
excessive interference fit, resulting in additional frictional heat.

Likewise, an oversized fit can be used at temperatures below
220°F, but may not perform as expected due to the looser fit.
This enables fluid leakage at the seal lines of the rotor and
stator, resulting in stalling and the motor to become weak.

EXAMPLE
If the maximum differential pressure is 900 psi and the
downhole circulating temperature is 180° F, the operating

full load pressure is calculated by multiplying 900 psi by
a differential reduction factor of 77%, yielding 693 psi.

ATTTTT T T T 7 7 R —
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Downhole Temperature

NOTE

Gyrodata power sections are assembled to actual fits based
on proposed downhole temperature and mud type. Simply
using a standard fit stator for a low temperature application
is not considered good practice. The practice of assembling
power sections by fit is primarily due to the tolerance swing of
stator elastomer during the manufacturing process. Elastomer
tolerances can range from +/- .010" to +/- .015" depending on
the stator vendor resulting in a .020" - .030" measurement
swing. This could produce a power section that is too tight or
too loose - resulting in premature stator failure or excessive
stalling causing the motor to be weak.
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04 MOTOR SPECIFICATIONS

43/," 5/6 8.3 Adjustable Bend Housing

Performance Curves
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POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure

PHYSICAL DATA GENERAL DATA

Bit to Bend Length (ABH)  58.25" Bit Sizes 6" - 77/s"

Wear Pad OD 58558 Std Bit Connection 32 Reg box

Nominal Length 29' Std Top Connection* 32 IF box

Weight 1,100 Ibs Max WOB w/ Flow 56,000 lbs

PERFORMANCE DATA Max WOB w/o Flow 261,400 lbs

Bit Speed (No Load) 100-300 rpm  Max Bit Pull w/o Damage 261,400 Ibs

Flow Range 100-300 gpm Max Bit Pull w/ Damage** 310,000 Ibs

Revolutions Per Gallon 1.0 rev/gal Max Body Pull w/ Damage** 494,000 Ibs
Max Differential Pressure 1,870 psi
Off Bottom Pressure Loss 116 psi * Other connections available upon request

** Exceeding these values may cause motor

Max Operating Torque 4,810 Ib-ft components to remain in hole

Stall Torque 7,220 Ib-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 6 68 63/s 78 6 6/ 63/s 78
0.39 2.10 2.19 2.61 3837
0.78 0.70 0.30 4.52 4.61 5.03 5.79
1.15 3.30 2.80 0.50 6.82 6.91 7.33 8.09

1.50 5.71 5.23 2.93 1.27 9.00 9.08 9.50 10.26
1.83 9.16 8.67 6.37 2.18 11.05 11.13 11.55 12.32
2.12 9.98 9.50 7.20 3.01 12.10 12,118) 12.61 13.37
2.38 11.78 A3.22) 8.99 4.80 14.46 14.55 14.97 15.73
2.60 1832 12 il 1.5 6.32 15.83 15.27) 16.34 17790
2.77 14.47 13.98 11.68 7.49 16.89 16.98 17.39 18.16
2.90 i85 14.88 2215 8.39 17.70 17.78 18.20 18.96
2.97 15.84 15.36 13.06 8.87 18.13 18.22 18.64 19.40

3.00 16.05 15857, 13.27 9.08 18.32 18.40 18.82 19,50

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.
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43/," 5/6 8.3 Fixed Bend Housing

Performance Curves
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POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure

PHYSICAL DATA GENERAL DATA

Bit to Bend Length (FBH) el Bit Sizes 6" - 78"

Wear Pad OD &5y Std Bit Connection 32 Reg box

Nominal Length 29' Std Top Connection* 32 IF box

Weight 1,100 lbs Max WOB w/ Flow 56,000 lbs

Bit Speed (No Load) 100-300 rpm  Max Bit Pull w/o Damage 261,400 Ibs

Flow Range 100-300 gpm  Max Bit Pull w/ Damage** 310,000 Ibs

Revolutions Per Gallon 1.0 rev/gal Max Body Pull w/ Damage** 494,000 lbs

Max Differential Pressure 1,870 psi

Off Bottom Pressure Loss 116 psi * Other connections available upon request

: ** Exceeding these values may cause motor
Max Operating Torque 4,810 Ib-ft components to remain in hole
Stall Torque 7,220 Ib-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 6 6'/s 63/a 78 6 68 63/a 778
0.39 2.19 2.28 2.71 3.50
0.78 1.10 0.70 4.69 4.78 5.21 6.00
115 3.70 3.30 1.10 7.06 /A5 7.58 8.37
1.50 6.11 5.67 3.56 9.30 9.39 9.82 10.61

1.83 9.55 9.11 7.01 3.18 11.42 11.51 11.94 12.73
2.12 10.38 9.94 7.84 4.01 12.51 12.60 13.03 13.82
2.38 12.17 11.73 9.63 5.80 14.94 15.03 15.47 16.25
2.60 13.69 13.25 11.15 7.32 16.35 16.45 16.88 17.66
2.77 14.86 14.42 12.32 8.49 17.44 17.54 17.97 18.75
2.90 15.76 5832 13.22 .89 18.28 18.37 18.80 il L)
2.97 16.24 15.80 13.70 9.87 18.73 18.82 19.25 20.04

3.00 16.45 16.01 13.91 10.08 18.92 19.01 19.44 20.23

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.

gyrodata
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43/4" 5/6 8.3 Short Bit to Bend - Fixed

Performance Curves
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POWER SECTION PRESSURE (psi)
== ===m==== = Maximum Differential Pressure
Bit to Bend Length (FBH) 47" Bit Sizes 6" -77/s"
Wear Pad OD 5.5" Std Bit Connection 32 Reg box
Nominal Length 282" Std Top Connection* 32 IF box
Weight 1,085 Ibs Max WOB w/ Flow 38,400 lbs
Bit Speed (No Load) 100-300 rpm  Max Bit Pull w/o Damage 261,400 Ibs
Flow Range 100-300 gpm  Max Bit Pull w/ Damage** 310,000 lbs
Revolutions Per Gallon 1.0 rev/gal Max Body Pull w/ Damage** 494,000 Ibs
Max Differential Pressure 1,870 psi
Off Bottom Pressure Loss 116 psi * Other connections available upon request
** Exceeding these values may cause motor
Max Operating Torque 4,810 Ib-ft components to remain in hole

Stall Torque 7,220 lb-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 6 68 63/a 78 6 68 63/a 78

0.39 2.43 2,58 3.00 3.88
0.78 1.12 0.71 5,19 529 5.77 6.65
115 3.76 3.36 1.12 7.82 7.92 8.39 9.27
1.50 6.22 5.77 3.62 10.30 10.40 10.88 11.75

1.83 9.72 9.27 7.13 3.24 12.65 12.75 13.22 14.10
2.12 10.56 10.11 7.98 4.08 13.85 13.95 14.43 15.31
2.38 12.38 11.94 9.80 5.90 16.55 16.65 17,13 18.00
2.60 13.93 13.48 11.35 7.45 18.11 18.22 18.69 19.56
2.77 15.12 14.67 12.54 8.64 1931 19.43 19.90 20.77
2.90 16.04 5.5 13.45 9.55 20.25 20.34 20.82 21.70
2.97 16.52 16.08 13.94 10.04 20.74 20.84 21.32 22.19

3.00 16.74 16.29 14.15 10.26 20.95 21.05 21353 22.40

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.

gyrodata
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43/," 7/8 2.6 Adjustable Bend Housing 43/," 7/8 2.6 Fixed Bend Housing
Performance Curves Performance Curves
90 90
80 80
GPM =300 | GPM =300
70 70
60 :‘5 60 E
o | GPM =225 2 o GPM =225 2
s E s 50 o
I~ 5 o )
@ 40 5] o 40 [¢]
4 [4
30| GPM =150 o 30 GPM =150 o
'
'
20 20 !
'
'
10 10 '
'
'
o ' 0 .
0 5 0 0 0 0
200 400 600 200 400 600
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== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (ABH)  58.25" Bit Sizes 6" - 7" Bit to Bend Length (FBH)  53.25" Bit Sizes 6" - 77/s"
Wear Pad OD B Std Bit Connection 32 Reg Box Wear Pad OD 55 Std Bit Connection 372 Reg Box
Nominal Length 29’ Std Top Connection* 32 IF Box Nominal Length 29' Std Top Connection* 372 IF Box
Weight 1,100 Ibs Max WOB w/ Flow 56,000 lbs Weight 1,100 lbs Max WOB w/ Flow 56,000 lbs
PERFORMANCE DATA Max WOB w/o Flow 261,400 lbs PERFORMANCE DATA Max WOB w/o Flow 261,400 lbs
Bit Speed (No Load) 39-79 rpm Max Bit Pull w/o Damage 261,400 Ibs Bit Speed (No Load) 39-79 rpm Max Bit Pull w/o Damage 261,400 Ibs
Flow Range 150-300 gpm Max Bit Pull w/ Damage** 310,000 lbs Flow Range 150-300 gpm  Max Bit Pull w/ Damage** 310,000 Ibs
Revolutions Per Gallon 0.26 rev/gal Max Body Pull w/ Damage** 494,000 Ibs Revolutions Per Gallon 0.26 rev/gal Max Body Pull w/ Damage** 494,000 lbs
Max Differential Pressure 590 psi Max Differential Pressure 590 psi
Off Bottom Pressure Loss 46 psi * Other connections available upon request Off Bottom Pressure Loss 46 psi * Other connections available upon request
. ** Exceeding these values may cause motor . ** Exceeding these values may cause motor
Max Operating Torque 5,250 |b-ft components to remain in hole Max Operating Torque 5,250 Ib-ft components to remain in hole
Stall Torque 7,880 Ib-ft Stall Torque 7,880 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 6 68 63/a 7 6 68 63/a 7 Deg. 6 68 63/a 77 6 68 63/a 77
0.39 1.93 2.02 2.49 3.33 0.39 1.10 1.98 2.07 2.54 3.38
0.78 1.20 0.80 4.44 4.54 5.00 5.84 0.78 1.50 1.10 0.80 4.54 4.64 5.10 5.94
1.15 3.80 3.68 1.30 6.83 6.92 7.39 8.23 1.15 4.00 3.81 1.80 6.98 7.07 758 8.38
1.50 6.20 5.76 3.69 0.09 9.08 9.18 9.64 10.49 1.50 6.43 6.03 4.15 1.98 9.28 ©.37 9.84 10.68
1.83 9.71 9.42 7.62 211 11.21 11.31 11.77 12.61 1.83 10.02 9.67 7.78 2.96 11.45 .55 12.01 12.85
2.12 10.49 10.05 7.98 4.20 12.31 12.40 12.87 13.71 2.12 10.66 10.26 8.38 4.94 1257 12.66 13.13 13.97
2.38 12.29 11.85 9.78 6.00 14.76 14.85 15.32 16.16 2.38 12.43 12.04 10.15 6.72 15.07 15.16 15.63 16.47
2.60 13.81 1587 11.30 757 16.18 16.27 16.74 17.58 2.60 113,28 13.54 11.65 8.22 16.51 16.61 17.07 17.92
2.77 14.98 14.55 12.48 8.70 17.27 17.37 17.83 18.68 2.77 15.09 14.70 12.81 9.38 17.63 17.73 18.19 19.04
2.90 15.88 15.45 13.37 9.60 18.11 18.21 18.67 19.52 2.90 15.98 15.58 13.70 10.26 18.49 18.59 19.05 19.89
2.97 16.37 15.93 13.86 10.08 18.56 18.66 19.12 19.97 2.97 16.46 16.06 14.18 10.74 18.95 19.05 19.51 20.35
3.00 16.57 16.14 14.07 10.29 18.76 18.85 19.32 20.16 3.00 16.66 16.26 14.38 10.94 19.15 19.24 19.71 20.55
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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43/," 7/8 3.8 Adjustable Bend Housing 43/," 7/8 3.8 Fixed Bend Housing
Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (ABH)  58.25" Bit Sizes 6" - 78" Bit to Bend Length (FBH) 53.25" Bit Sizes 6" - 77/s"
Wear Pad OD 55 Std Bit Connection 32 Reg Box Wear Pad OD 55 Std Bit Connection 3'2 Reg Box
Nominal Length 24' Std Top Connection* 372 IF Box Nominal Length 24' Std Top Connection* 32 IF Box
Weight 990lbs Max WOB w/ Flow 56,000 Ibs Weight 990lbs Max WOB w/ Flow 56,000 lbs
PERFORMANCE DATA Max WOB w/o Flow 261,400 lbs PERFORMANCE DATA Max WOB w/o Flow 261,400 lbs
Bit Speed (No Load) 78-140 rpm Max Bit Pull w/o Damage 261,400 Ibs Bit Speed (No Load) 78-140 rpm Max Bit Pull w/o Damage 261,400 Ibs
Flow Range 150-250 gpm  Max Bit Pull w/ Damage** 310,000 Ibs Flow Range 150-250 gpm  Max Bit Pull w/ Damage** 310,000 lbs
Revolutions Per Gallon 0.52 rev/gal Max Body Pull w/ Damage** 494,000 Ibs Revolutions Per Gallon 0.52 rev/gal Max Body Pull w/ Damage** 494,000 lbs
Max Differential Pressure 860 psi Max Differential Pressure 860 psi
Off Bottom Pressure Loss 64 psi * Other connections available upon request Off Bottom Pressure Loss 64 psi * Other connections available upon request
. ** Exceeding these values may cause motor . ** Exceeding these values may cause motor
Max Operating Torque 4,450 Ib-ft components to remain in hole Max Operating Torque 4,450 Ib-ft components to remain in hole
Stall Torque 6,670 |b-ft Stall Torque 6,670 |b-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 6 68 63/a 77 6 68 63/a 7 Deg. 6 6s 63/a 77 6 68 63/a 77
0.39 2.62 2,79 3236 4.48 0.39 2.69 2.82 3.43 4.55
0.78 0.90 0.30 5.42 5,55 6.17 7.28 0.78 1.40 0.80 5.56 5.69 6.30 7.42
1,15 3.90 3.30 0.60 8.08 8.21 8.83 9.94 1.15 4.40 3.90 1.40 8.28 8.41 9.02 10.14
1.50 6.79 6.22 3.48 il 5l 10.60 10.73 11.34 12.46 1.50 7.27 6.74 4.24 10.86 10.99 11.60 12.72
1.83 10.90 10.32 752 2.60 12.97 13.10 13.72 14.84 1.83 11.37 10.85 8.34 3.78 13.29 13.42 14.03 15,13
2.12 11.88 11.31 8.57 3.58 14.20 14.33 14.94 16.06 2.12 12.36 11.83 ©.33 4.77 14.54 14.67 15.28 16.40
2.38 14.02 13.44 10.71 5.72 16.93 17.06 17.67 18.79 2.38 14.49 13.97 11.46 6.90 17.34 17.47 18.08 19.20
2.60 15.E7) 15.25 12,5l 732 18.51 18.64 19.26 20.37 2.60 16.30 15.77 1327 8.71 18.96 19.09 19.70 20.82
2.77 17.22 16.64 13.91 8.92 19.74 19.86 20.48 21.60 2.77 17.69 17.17 14.66 10.10 20.21 20.34 20.96 22.08
2.90 18.28 17.71 14.97 9.99 20.67 20.80 21.41 22.53 2.90 18.76 18.23 15.73 11.17 21.17 21.30 21.91 23.03
2.97 18.86 18.28 i5855) 10.56 21.18 21.30 21.92 23.04 2.97 119233] 18.81 16.31 11.75 21.69 21.82 22.43 23855]
3.00 19.10 18.53 15.79 10.81 21.39 21.52 22.13 23.25 3.00 19.58 19.05 16.55 11.99 21.91 22.04 22.65 23.77
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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43/s" 7/8 3.8 Short Bit to Bend - Fixed 5" 6/7 8.0 Adjustable Bend Housing
Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
== ======== =  Maximum Differential Pressure = ===m===== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (FBH) 47" Bit Sizes 6" - 77" Bit to Bend Length (ABH)  60.25" Bit Sizes 6" - 7"
Wear Pad OD S5 Std Bit Connection 372 Reg Box Wear Pad OD B Std Bit Connection 32 Reg Box
Nominal Length 232" Std Top Connection* 32 IF Box Nominal Length 29" Std Top Connection* 32 IF Box
Weight 975 Ibs Max WOB w/ Flow 38,400 Ibs Weight 1,100 lbs Max WOB w/ Flow 56,000 lbs
PERFORMANCE DATA Max WOB w/o Flow 261,400 lbs PERFORMANCE DATA Max WOB w/o Flow 261,400 Ibs
Bit Speed (No Load) 78-140 rpm Max Bit Pull w/o Damage 261,400 Ibs Bit Speed (No Load) 121-290 rpm Max Bit Pull w/o Damage 261,400 lbs
Flow Range 150-250 gpm  Max Bit Pull w/ Damage** 310,000 Ibs Flow Range 150-350 gpm  Max Bit Pull w/ Damage** 310,000 lbs
Revolutions Per Gallon 0.52 rev/gal Max Body Pull w/ Damage** 494,000 Ibs Revolutions Per Gallon 0.81rev/gal Max Body Pull w/ Damage** 494,000 lbs
Max Differential Pressure 860 psi Max Differential Pressure 1,800 psi
. H . . .
Off Bottom Pressure Loss 64 psi ”Other cqnnectlons available upon request Off Bottom Pressure Loss 122 psi * Other connections available upon request
Exceeding these values may cause motor o ding th | t
Max Operating Torque 4,450 |b-ft components to remain in hole Max Operating Torque 5,720 Ib-ft AEHeNie) (S8 WSS Mleh) CEIlER feiier
components to remain in hole
Stall Torque 6,670 Ib-ft Stall Torque 8,580 |b-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 6 63 6%/a 77/s 6 63 63/a 77/s Deg. 6 65 63/a 77/ 6 63 63/a 778
0.39 291 3.04 3.67 4.82 0.39 1.79 1.87 2.28 3.02
0.78 1.57 0.90 5.91 6.04 6.67 7.82 0.78 1.20 0.80 4.18 4.26 4.67 5.41
145 4.93 4.37 137 8.75 8.89 9.52 10.66 143 3.60 3.20 1.20 6.44 6.53 6.94 7.68
1.50 8.14 735 4.75 11.44 11.58 12.21 13.35 1.50 5.87 5.9 355 0.09 8.59 8.67 9.08 9.82
1.83 12.73 12.15 9.34 4.23 13.98 14.11 14.74 15.89 1.83 8.17 7.75 5.75 2.11 10.61 10.70 11.10 11.84
2.12 13.84 13.25 10.45 5.34 16.21 16.34 16.97 18.12 2.12 10.10 9.68 7.68 4.04 11.65 11.74 12.15 12.89
2.38 16.23 15.65 12.84 793 18.21 18.34 18.97 20.12 2.38 11.83 11.41 9.42 5.78 13.98 14.07 14.48 15.22
2.60 18.26 17.66 14.86 9.76 19.90 20.03 20.66 21.81 2.60 13.30 12.88 10.88 7.24 15,38 15.42 15.82 16.57
2.77 19.81 19.23 16.42 11.31 21.21 21.34 21.97 23.12 2.77 14.43 14.01 12.01 8.38 16.37 16.46 16.87 17.61
2.90 21.01 20.42 17.62 12.51 22.21 22.34 22.97 24.12 2.90 15.30 14.88 12.88 9.24 17.17 17.26 17.66 18.40
2.97 21.65 21.07 18.27 13.16 22.75 22.88 2385 24.66 2.97 15.76 15.34 Ai3835; 9.71 17.60 17.69 18.09 18.83
3.00 21.93 21.34 18.54 13.43 22.98 23.11 23.74 24.89 3.00 15.96 15.54 HISAST) 9.91 17.78 18.28 18.28 19.02
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

5" 6/7 8.0 Fixed Bend Housing 5" 6/7 8.0 Short Bit to Bend - Fixed
Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
Bit to Bend Length (FBH)  55.25" Bit Sizes 6" - 7" Bit to Bend Length (FBH) 49" Bit Sizes 6" - 7"
Wear Pad OD B Std Bit Connection 312 Reg Box Wear Pad OD B Std Bit Connection 32 Reg Box
Nominal Length 29" Std Top Connection* 32 IF Box Nominal Length 294" Std Top Connection* 32 IF Box
Weight 1,100 lbs Max WOB w/ Flow 56,000 lbs Weight 1,085 Ibs Max WOB w/ Flow 38,400 Ibs
Max WOB w/o Flow 261,400 lbs Max WOB w/o Flow 261,400 |bs
Bit Speed (No Load) 121-290 rpm Max Bit Pull w/o Damage 261,400 Ibs Bit Speed (No Load) 121-290 rpm Max Bit Pull w/o Damage 261,400 lbs
Flow Range 150-350 gpm  Max Bit Pull w/ Damage** 310,000 lbs Flow Range 150-350 gpm  Max Bit Pull w/ Damage** 310,000 Ibs
Revolutions Per Gallon 0.81rev/gal Max Body Pull w/ Damage** 494,000 Ibs Revolutions Per Gallon 0.81rev/gal Max Body Pull w/ Damage** 494,000 lbs
Max Differential Pressure 1,800 psi Max Differential Pressure 1,800 psi
Off Bottom Pressure Loss 122 psi * Other connections available upon request Off Bottom Pressure Loss 122 psi * Other connections available upon request
** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 5,720 Ib-ft components to remain in hole Max Operating Torque 5,720 Ib-ft components to remain in hole
Stall Torque 8,580 |b-ft Stall Torque 8,580 |b-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
Deg. 6 6" 63/s 7 6 6" 6%/s 77 Deg. 6 6'/s 63/a 77/ 6 6'/s 63/a 77
0.39 1.83 1.92 2.32 3.05 0.39 1.92 2.01 2.43 3.19
0.78 1.50 1.10 0.70 4.27 4.35 4.76 5.50 0.78 1.57 1.15 0.73 4.47 4.55 4.98 5.76
1.15 3.90 3.60 1.70 6.58 6.66 7.07 7.81 B 1t 4.08 3577 1.78 6.89 6.97 7.40 8.17

1.50 6.28 5.90 4.05 0.70 8.76 8.85 9.25 9.99 .50 6.57 6.18 4.24 ©.72 9,117/ 9.26 9.68 10.46

183 888 847 654 304 1132 1142 1184 1261
183 848 809 625 290 1082 1091 11.31  12.05

212 1090 1050 857 506  12.43 1253 1295 13.73
212 1041 1003 819  4.83  11.88 1197 1237 13.12

225 1181 1137 929 548  13.47 1357 1403  14.88
238 1215 1176  9.92 656 1426 1434 1475 15.49

238 1272 1231 1038 6587 1493 1501 1544 16.21
260 1361 13.22 1138 803 1563 1571 1612  16.86

260 1425 13.84 1191 840  16.36 1644 16.87  17.65
277 1474 1436 1552 916 1669 1678 17.18  17.92

277 1543 1503 1624 959  17.47 17.56 17.98 18.76
R IS IS I IR T R N 290 1634 1593 1400 1050 18.32 18.41 18.84  19.61

2.97 16.08 15.69 13.85 10.49 17.94 18.03 18.43 19.17 2.97 16.83 16.42 14.50 10.98 18.78 18.87 19.29 20.06

J0 | 1628 | A5 | A4es | 406 | 808 | 1820 | dEeE | 190 3.00  17.04 16.63 1471 11.19 18.98  19.06  19.49  20.26
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

] H H n H H
5" 6/7 10.0 Fixed Bend Housing 62" 6/7 5.0 Adjustable Bend Housing
Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (FBH)  53.25" Bit Sizes 6" - 77" Bit to Bend Length (ABH) 64" Bit Sizes 77" - 83/4"
Wear Pad OD B Std Bit Connection 312 Reg Box Wear Pad OD 7.32" Std Bit Connection 4'/2 Reg Box
Nominal Length 3134 Std Top Connection* 32 IF Box Nominal Length 25' Std Top Connection* 4'/2 XH Box
Weight 1,158 lbs Max WOB w/ Flow 56,000 Ibs Weight 2,105 Ibs Max WOB w/ Flow 90,000 Ibs
PERFORMANCE DATA Max WOB w/o Flow 261,400 Ibs PERFORMANCE DATA Max WOB w/o Flow 433,500 lbs
Bit Speed (No Load) 130-290 rpm  Max Bit Pull w/o Damage 261,400 Ibs Bit Speed (No Load) 87-180 rpm Max Bit Pull w/o Damage 433,500 |bs
Flow Range 150-350 gpm  Max Bit Pull w/ Damage** 310,000 lbs Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.84 rev/gal Max Body Pull w/ Damage** 494,000 Ibs Revolutions Per Gallon 0.29 rev/gal Max Body Pull w/ Damage** 918,000 lbs
Max Differential Pressure 2,350 psi Max Differential Pressure 1,130 psi
Off Bottom Pressure Loss 130 psi * Other connections available upon request Off Bottom Pressure Loss 110 psi * Other connections available upon request
_ ** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 6,940 Ib-ft components to remain in hole Max Operating Torque 9,350 Ib-ft components to remain in hole
Stall Torque 10,920 Ib-ft Stall Torque 14,030 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 6 68 63/a 77 6 68 63/a 77 Deg. 7s 812 83/a 78 812 83/s
0.39 0.90 1.40 1.52 1.59 L8 2.56 0.39 1.93 2.42 2.47
0.78 1.50 1.10 1.00 3.79 3.86 4.20 4.83 0.78 1.40 0.70 4.22 4.77 4.77
fi%1'5 3.80 3.40 1.30 5.94 6.01 6.35 6.98 1.15 4.40 2.30 1.40 6.40 7.00 6.95
1.50 6.03 5159 3.50 0.31 7.98 8.05 8.39 9.01 1.50 7.21 5.06 4.19 8.46 9.12 9.01
1.83 8.10 7.66 8,57 1.76 9.90 9.97 10.31 10.93 1.83 9.85 7.70 6.83 10.40 11.11 10.95
2,92 ©.L0 9.47 7.39 3.58 11.58 11.65 12.00 12.62 2112 12.17 10.01 9.15 12.41 12.86 12.66
2.38 11.54 11.10 9.01 5.21 13.10 13.17 13.51 14.13 2.38 14.25 12.09 11.23 14.54 14.43 14.19
2.60 12.67) 12.48 10.39 6.59 14.38 14.45 14.79 15.41 2.60 16.01 13.85 2.5 16.33 15.76 15.49
2.77 13.98 13,55 11.46 7.65 15.37 15.44 15.78 16.40 2.77 17.37 15.21 14.35 17.72 16.78 16.49
2.90 14.80 14.36 12.27 8.46 16.12 16.19 16.54 17.16 2.90 18.41 16.25 ili5,56) 18.78 17.57 17.25
2.97 15.24 14.80 12.71 8.90 16.53 16.60 16.94 7,97 2.97 18.97 16.81 18,99 19.35] 17.99 17.67
3.00 15.42 14.99 12.90 9.09 16.70 16.78 17.12 17.74 3.00 19.21 17.05 16.19 19.59 18.17 17.84
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

62" 6/7 5.0 Fixed Bend Housing 62" 7/8 3.3 Adjustable Bend Housing
Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
== ======== =  Maximum Differential Pressure - m---= = Maximum Differential Pressure
Bit to Bend Length (FBH) 54" Bit Sizes 778" - 83/a" Bit to Bend Length (ABH) 64" Bit Sizes 77" - 83/4"
Wear Pad OD 7.32" Std Bit Connection 42 Reg Box Wear Pad OD 7.32" Std Bit Connection 47/2 Reg Box
Nominal Length 25' Std Top Connection* 42 XH Box Nominal Length 30 Std Top Connection* 42 XH Box
Weight 2,105 Ibs Max WOB w/ Flow 90,000 Ibs Weight 2,600 lbs Max WOB w/ Flow 90,000 lbs
Max WOB w/o Flow 433,500 lbs Max WOB w/o Flow 433,500 Ibs
Bit Speed (No Load) 87-180 rpm Max Bit Pull w/o Damage 433,500 lbs Bit Speed (No Load) 42-84 rpm Max Bit Pull w/o Damage 433,500 lbs
Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.29 rev/gal Max Body Pull w/ Damage** 918,000 lbs Revolutions Per Gallon 0.14 rev/gal Max Body Pull w/ Damage** 918,000 Ibs
Max Differential Pressure 1,130 psi Max Differential Pressure 740 psi
Off Bottom Pressure Loss 110 psi * Other connections available upon request Off Bottom Pressure Loss 150 psi * Other connections available upon request
** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 9,350 Ib-ft components to remain in hole Max Operating Torque 1410 Ib-ft components to remain in hole
Stall Torque 14,030 Ib-ft Stall Torque 21,160 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
Deg. 77 82 83/a 77 82 83/a Deg. 78 81 83/a 7 812 83
0.39 1.00 2.01 2.5l 2.56 0.39 1.67 1.97 2.09
0.78 2.10 0.20 0.06 4.39 4.95 4.94 0.78 1.20 0.56 3.74 4.04 4.17
1.15 5.00 3.20 2.29 6.65 7.27 7.20 i,il5 3.70 7% 0.68 5.71 6.02 6.14
1.50 7.84 5.97 4.95 8.79 9.47 9.34 1.50 6.01 4.21 3.16 7.58 7.88 8.00
1.83 10.48 8.61 7.46 10.81 11.54 183 1.83 8.21 6.41 5.69 9.33 9.64 9.76
2.12 12.80 10.93 9.67 13.06 13.35 13.12 2.12 10.14 8.35 7.62 10.88 11.18 11.30
2.38 14.88 13.01 11.64 15.18 14.98 14.71 2.38 11.87 10.08 9.36 12.26 12,57/ 12.69
2.60 16.64 14.77 183l 16.97 16.36 16.06 2.60 13.34 11.55 10.82 13.44 13.74 13.86
2.77 18.00 16.13 14.61 18.36 17.43 17.10 2.77 14.47 12.68 11.96 14.75 14.64 14.77
2.90 19.04 17.17 il 5 19.42 18.25 17.89 2.90 15.34 13.54 12.82 15.63 15.34 15.46
2.97 19.60 17.79 16.12 19.99 18.68 18.32 2.97 15.80 14.01 13.29 16.10 15.71 15.83
3.00 19.84 17.97 16.35 20.24 18.87 18.50 3.00 16.00 14.21 13.49 16.31 15.87 15.99
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

62" 7/8 3.3 Fixed Bend Housing 63/+" 4/5 7.0 Adjustable Bend Housing

Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
- = Maximum Differential Pressure - = Maximum Differential Pressure
Bit to Bend Length (FBH) 54" Bit Sizes 7/s" - 8%/4" Bit to Bend Length (ABH) 64" Bit Sizes 812" - 97/s"
Wear Pad OD 7.32" Std Bit Connection 42 Reg Box Wear Pad OD 7.5" Std Bit Connection 4'/2 Reg Box
Nominal Length 30' Std Top Connection* 42 XH Box Nominal Length 257" Std Top Connection* 42 XH Box
Weight 2,600 lbs Max WOB w/ Flow 90,000 Ibs Weight 2,050 Ibs Max WOB with Flow 90,000 Ibs
Max WOB w/o Flow 433,500 lbs Max WOB w/o Flow 433,500 lbs
Bit Speed (No Load) 42-84 rpm Max Bit Pull w/o Damage 433,500 Ibs Bit Speed (No Load) 149-300 rpm Max Bit Pull w/o Damage 433,500 |bs
Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs Flow Range 300-600 gpm  Max Bit Pull w/ Damage** 560,000 |bs
Revolutions Per Gallon 0.14 rev/gal Max Body Pull w/ Damage** 918,000 Ibs Revolutions Per Gallon 0.50 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs
Max Differential Pressure 740 psi Max Differential Pressure 1,580 psi
Off Bottom Pressure Loss 150 psi * Other connections available upon request Off Bottom Pressure Loss 184 psi * Other connections available upon request
** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 14,110 Ib-ft components to remain in hole Max Operating Torque 9,090 Ib-ft components to remain in hole
Stall Torque 21,160 Ib-ft Stall Torque 13,630 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 78 82 8%/a 78 872 8%/a Deg. 82 8%/ 97/s 82 8%/a 97/s
0.39 1.73 2.03 2.16 0.39 2.16 2.32 3.04
0.78 1.70 0.60 3.88 4.18 4.30 0.78 4.46 4.62 5,39
il 4.20 2.60 1.02 9.9l 6.21 6.33 1.15 2.90 2.10 6.64 6.80 7.3,
1.50 6.53 4.97 4.35 7.83 8.13 8.26 1.50 5.70 4.83 0.87 8.71 8.87 9.58
1.83 8.73 7.17 6.55 9.65 9.95 10.07 1.83 8.30 7.30 3.47 10.65 10.81 11.52
2.12 10.66 9.11 8.48 11.24 11.54 11.66 2.12 10.59 9.72 5.76 12.36 12.52 13.23
2.38 12.40 10.84 10.21 12.67 12.97 13.09 2.38 12.63 11.55 7.63 13.90 14.05 14.77
2.60 13.86 12.31 11.68 14.13 14.18 14.30 2.60 14.26 13.42 9.45 15.19 135,35 16.06
2.77 15.00 13.44 12.81 15.29 15.12 15.24 2.77 15.52 14.81 10.79 16.20 16.35 17.07
2.90 15.86 14.31 13.68 16.17 1568 1585 2.90 16.48 15.77 11.82 16.96 17.12 17.83
2.97 16.33 14.77 14.14 16.61 16.21 16.34 2.97 17.00 16.29 12.38 17.38 17.53 18.25
3.00 16.53 14.97 14.34 16.84 16.38 16.50 3.00 17.22 16.51 12.59 17.55 17.71 18.42
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS

63/s" 4/5 7.0 Fixed Bend Housing

Performance Curves
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POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure

PHYSICAL DATA GENERAL DATA

Bit to Bend Length (FBH) 54" Bit Sizes

Wear Pad OD 7 Std Bit Connection
Nominal Length 257" Std Top Connection*
Weight 2,050 lbs Max WOB w/ Flow

Bit Speed (No Load) 149-300 rpm Max Bit Pull w/o Damage
Flow Range 300-600 gpm Max Bit Pull w/ Damage**
Revolutions Per Gallon 0.50 rev/gal Max Body Pull w/ Damage**

Max Differential Pressure 1580 psi

Off Bottom Pressure Loss 184 psi

812" - 978"
4'/2 Reg Box
4'/2 XH Box
90,000 Ibs
433,500 lbs
433,500 lbs
560,000 Ibs
1,033,000 lbs

* Other connections available upon request

** Exceeding these values may cause motor

Max Operating Torque 9,090 lb-ft

Stall Torque 13,630 Ib-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE
Deg. 8/ 83/a 97/s 82 834
0.39 2.25 2.41
0.78 0.83 0.10 4.60 4.79
1.15 3.71 2.80 0.40 6.90 7.06
.50 6.43 5.41 2.20 9.04 9.20
1.83 8.99 7.85 4.64 11.06 11.21
2.12 10.71 10.00 6.78 12.83 12.99
2.38 12.64 11.77 7.81 14.42 14.58
2.60 14.38 13.50 9.54 15.77 15.92
2.77 15.72 14.84 10.89 16.81 16.96
2.90 16.74 15.87 11.91 17.60 17.76
2.97 17.29 16.42 12.46 18.03 18.19
3.00 17.53 16.66 12.70 18.21 18.37

components to remain in hole

HOLE SIZE (in) - STABILIZED

97/s

3.12

5.51

7.77

&)l

11.93

13.70

15.29

16.64

17.68

18.47

18.90

19.08

For temperatures exceeding 140° F, the maximum rated differential pressure should

be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS

634" 4/5 7.0 Short Bit to Bend - Fi

Performance Curves
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POWER SECTION PRESSURE (psi)

=== mmm==== = Maximum Differential Pres

xed

12000

6000

TORQUE (lb-ft)

4000

2000

sure

PHYSICAL DATA GENERAL DATA

Bit to Bend Length (FBH) 47" Bit Sizes

Wear Pad OD 7254 Std Bit Connection
Nominal Length 25' Std Top Connection*
Weight 2,025 lbs Max WOB w/Flow

PERFORMANCE DATA Max WOB w/o Flow

Bit Speed (No Load) 149-300 rpm  Max Bit Pull (w/o Damage
Flow Range 300-600gpm Max Bit Pull w/ Damage**
Revolutions Per Gallon 0.50 rev/gal Max Body Pull w/ Damage**
Max Differential Pressure 1,580 psi

Off Bottom Pressure Loss 184 psi * Other connections availabl

812" - 97/s"
42 Reg Box
42 XH Box
72,000 lbs
433,500 lbs
433,500 Ibs
560,000 Ibs
1,033,000 Ibs

le upon request

** Exceeding these values may cause motor

Max Operating Torque 9,090 Ib-ft

Stall Torque 13,630 Ib-ft

Predicted Build Rates - Deg/100 ft

components to remain in hole

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 872 834 97/s 82 834 97/s
0.39 2E8 2.81 3585
0.78 0.82 0.10 5.11 5.27 6.00
1.15 3.91 2.96 0.41 7.44 7.60 8.33
1.50 6.76 5.69 2.31 9.65 9.81 10.54
1.83 9.47 8.26 4.89 11.73 11.89 12.62
2.12 11.27 10.53 7.14 1355 1872 14.46
2.38 13.33 12,55 9.17 15.20 15.36 16.09
2.60 15.17 14.24 10.87 16.58 16.75 17.47
2.77 16.58 15.66 11.59 17.66 17.82 18.55
2.90 17.66 16.74 1277l 18.47 18.64 .57
2.97 18.24 il7/.82) 13.43 18.91 19.08 19.82
3.00 18.49 17.56 13799] Al il 1827/ 20.00

For temperatures exceeding 140° F, the maximum rated differential p
be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS

63/1+" 6/7 5.0 Adjustable Bend Housing

Performance Curves
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POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure
Bit to Bend Length (ABH) 64" Bit Sizes 872" - 97/s"
Wear Pad OD 7.5" Std Bit Connection 47/2 Reg Box
Nominal Length 25' Std Top Connection* 42 XH Box
Weight 2,185 lbs Max WOB w/Flow 90,000 Ibs
Mox WOB w/o Flow 43350015
Bit Speed (No Load) 87-180 rpm Max Bit Pull (w/o Damage 433,500 lbs
Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 lbs
Revolutions Per Gallon 0.29 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs
Max Differential Pressure 1,130 psi
Off Bottom Pressure Loss 110 psi * Other connections available upon request
** Exceeding these values may cause motor
Max Operating Torque 9,350 Ib-ft components to remain in hole
Stall Torque 14,030 Ib-ft
Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 81 83/s 97/s 82 83/a 97/s
0.39 2.25 2.42 3.18
0.78 4.60 4.77 5.58
1.15 3.00 2.10 6.84 7.00 7.76
1.50 5.90 4.99 0.90 8.95 9.12 9.87
1.83 8.9 7.68 3.59 10.94 11.11 11.87
2.12 10.95 10.05 5.85 12.69 12.86 13.62
2.38 13.04 12.17 8.07 14.26 14.43 15.19
2.60 14.72 13.94 9.87 15.59 15.76 16.51
2.77 16.01 15.28 11.26 16.61 16.78 17.54
2.90 17.01 16.27 12.32 17.40 757 18.33
2.97 17.54 16.81 12.89 17.82 17.99 18.75
3.00 17.77 17.04 IS 18.00 18.17 18.93

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.
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63/4" 6/7 5.0 Fixed Bend Housing

Performance Curves
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POWER SECTION PRESSURE (psi)
== ===m==== = Maximum Differential Pressure
Bit to Bend Length (FBH) 54" Bit Sizes 812" - 97/s"
Wear Pad OD 7 Std Bit Connection 4'/2 Reg Box
Nominal Length P54 Std Top Connection* 42 XH Box
Weight 2,185 lbs Max WOB with Flow 90,000 Ibs
Bit Speed (No Load) 87-180 rpm Max Bit Pull w/o Damage 433,500 Ibs
Flow Range 300-600 gpm  Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.29 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs
Max Differential Pressure 1,130 psi
Off Bottom Pressure Loss 110 psi * Other connections available upon request
** Exceeding these values may cause motor
Max Operating Torque 9,350 Ib-ft components to remain in hole

Stall Torque 14,030 Ib-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 82 83/s 97/s 82 83/a 97/s
0.39 2.34 2.51 3.27
0.78 0.80 0.10 4.79 4.95 5.71
1.15 3.83 2.90 0.40 7.10 7.27 8.03
1.50 6.63 5.58 2.26 9.30 9.47 10.22
1.83 9.28 8.10 4.79 11.37 11.54 12.29
2.12 11.05 10.32 7.00 13.19 1333 14.11
2.38 13.07 12.30 8.99 14.82 14.98 15.74
2.60 14.87 13.96 10.66 16.20 16.36 17.12
2.77 16.25 15.35) 11.36 17.26 17.43 18.19
2.90 17.31 16.41 12.46 18.08 18.25 19.00
2.97 17.88 16.98 13.17 18.52 18.68 19.44
3.00 18.13 17.22 13.72 18.70 18.87 19.63

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS

634" 6/7 5.0 Short Bit to Bend - Fixed

Performance Curves
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POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure
Bit to Bend Length (FBH) 47" Bit Sizes 812" - 97/g"
Wear Pad OD 7 Std Bit Connection 42 Reg Box
Nominal Length 24.5' Std Top Connection* 42 XH Box
Weight 2,165 |Ibs Max WOB with Flow 72,000 lbs
Bit Speed (No Load) 87-180 rpm Max Bit Pull w/o Damage 433,500 |bs
Flow Range 300-600gpm  Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.29 rev/gal Max Body Pull w/ Damage** 1,033,000 lbs
Max Differential Pressure 1,130 psi
Off Bottom Pressure Loss 110 psi * Other connections available upon request
** Exceeding these values may cause motor
Max Operating Torque 9,350 Ib-ft components to remain in hole

Stall Torque 14,030 Ib-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 82 8%/a 97/s 812 83/a 97/s

0.39 2.70 2.87 3.62

0.78 0.85 0.11 5.21 5.38 6.12
IS 4.06 3.07 0.42 7.59 7.76 8.50
1.50 7.03 5.91 2.40 9.85 10.01 10.76
1.83 9.84 8.59 5.08 11.97 12.13 12.88
2.12 11.71 10.94 7.42 13.83 14.00 14.75
2.38 13.85 13.04 0,58 13,51l 15.67 16.42
2.60 15.76 14.80 11.30 16.92 17.09 17.83
2.77 17.23 16.27 12.04 18.02 18.18 18.93
2.90 18.35 17.39 13.21 18.85 19.02 19.77
2.97 18.95 18.00 13.96 19.30 19.47 20.22
3.00 19.22 18.25 14.54 19.50 19.66 20.41

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.
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POWER SECTION PRESSURE (psi)
== ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA
Bit to Bend Length (ABH) 64" Bit Sizes 812" - 978"
Wear Pad OD 7.5" Std Bit Connection 42 Reg Box
Nominal Length 30" Std Top Connection* 472 XH Box
Weight 2,700 lbs Max WOB with Flow 90,000 lbs
Bit Speed (No Load) 42-84 rpm Max Bit Pull w/o Damage 433,500 Ibs
Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs

Revolutions Per Gallon 0.14 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs

Max Differential Pressure 740 psi

Off Bottom Pressure Loss 150 psi * Other connections available upon request
_ ** Exceeding these values may cause motor

Max Operating Torque 14,10 Ib-ft components to remain in hole

Stall Torque 21,160 Ib-ft

Predicted Build Rates - Deg/100 ft

HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 82 8%/a 97/s 812 83/s 97/s
0.39 1.85 1.97 2.52
0.78 3.92 4.04 4.59
L4ls 1.80 0.80 5.89 6.02 6.57
1.50 4.39 3.41 1.03 7.76 7.88 8.43
1.83 7.74 7.16 2.72 9.52 9.64 10.19
2.12 9.05 8.06 3.63 11.06 11.18 11.73
2.38 11.00 10.02 5.58 12.44 12.57 13.12
2.60 12.65 11.67 7.23 13.62 13.74 14.29
A7 13.93 12,893 &.51 14.52 14.64 15.20
2.90 14.90 1387 9.48 15.227) 15.34 15.89
2.97 15.43 14.45 10.01 15.59 15.71 16.26
3.00 15.66 14.67 10.23 15.75 15.87 16.42

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS
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634" 7/8 3.3 Fixed Bend Housing 634" 7/8 5.7 Adjustable Bend Housing
Performance Curves Performance Curves
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POWER SECTION PRESSURE (psi) POWER SECTION PRESSURE (psi)
== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (FBH) 54" Bit Sizes 812" - 97/s" Bit to Bend Length (ABH) 64" Bit Sizes 812" - 97/s"
Wear Pad OD 7.5" Std Bit Connection 42 Reg Box Wear Pad OD 7.5" Std Bit Connection 4> Reg Box
Nominal Length 30" Std Top Connection* 472 XH Box Nominal Length 31 Std Top Connection*® 472 1F Box
Weight 2,700 lbs Max WOB with Flow 90,000 Ibs Weight 2,750 Ibs Max WOB with Flow 90,000 Ibs
Max WOB w/o Flow 433,500 Ibs PERFORMANCE DATA Max WOB w/o Flow 433,500 Ibs
Bit Speed (No Load) 42-84 rpm Max Bit Pull w/o Damage 433,500 lbs Bit Speed (No Load) 72-150 rpm Max Bit Pull w/o Damage 433,500 lbs
Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.14 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs Revolutions Per Gallon 0.24 rev/gal Max Body Pull w/ Damage** 1,033,000 lbs
Max Differential Pressure 740 psi Max Differential Pressure 1,280 psi
Off Bottom Pressure Loss 150 psi * Other connections available upon request Off Bottom Pressure Loss 106 psi * Other connections available upon request
** Exceeding these values may cause motor : ** Exceeding these values may cause motor
Max Operating Torque 14,110 Ib-ft components to remain in hole Max Operating Torque 13,720 Ib-ft components to remain in hole
Stall Torque 21,160 Ib-ft Stall Torque 20,580 lb-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 82 83/s 97/s 812 83/a 978 Deg. 81> 83/s 97/ 81/ 83/s 9/s
0.39 1.91 2.03 2.58 0.39 1.74 1.86 2.37
0.78 0.70 0.10 4.06 4.18 4.73 0.78 3.69 3.81 4.32
il 3:30 2.60 0.40 6.09 6.21 6.76 LS 1.70 0.75 [5A55 5.67 6.19
1.50 5.68 5.02 2.04 8.01 8.13 8.68 1.50 4.14 3.21 0.97 7.31 7.42 7.94
1.83 7.95 7.29 4.31 9.83 9.95 10.50 1.83 7.29 6.74 2.56 8.97 9.08 9.60
2.12 9.94 9.28 6.30 10.76 10.88 11.43 2.12 8.53 7.5 3.42 10.42 10.53 11.05
2.38 11.73 11.07 8.08 12.85 12.97 13.52 2.38 10.36 9.44 5.26 11.72 11.84 12.36
2.60 13.24 12.58 9.60 14.06 14.18 14.73 2.60 RS2 10.99 6.81 1253 12.94 13.46
2.77 14.41 13.75 10.76 14.99 18,02 15,67 2.77 13.12 12.20 8.02 13.68 13.79 14.32
2.90 15,80 14.40 11.66 15.71 1553 16.38 2.90 14.04 13.11 8.93 14.34 14.45 14.97
2.97 15.78 15.12 12.14 16.09 16.21 16.77 2.97 14.54 13.61 9.43 14.69 14.80 415232
3.00 15.99 115,53 12.34 16.26 16.38 16.93 3.00 14.75 13.82 9.64 14.84 14.95 15.47
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS
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63/4+" 7/8 5.7 Fixed Bend Housing 634" 7/8 5.7 Short Bit to Bend - Fixed
Performance Curves Performance Curves
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== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (FBH) 54" Bit Sizes 812" - 97/s" Bit to Bend Length (FBH) 47" Bit Sizes 812" - 97/a"
Wear Pad OD 1354 Std Bit Connection 42 Reg Box Wear Pad OD 58 Std Bit Connection 472 Reg Box
Nominal Length 31 Std Top Connection* 42 IF Box Nominal Length 29" Std Top Connection* 4> IF Box
Weight 2,750 Ibs Max WOB with Flow 90,000 Ibs Weight 2,725 lbs Max WOB with Flow 72,000 lbs
PERFORMANCE DATA Max WOB w/o Flow 433,500 lbs P RMANCE DA Max WOB w/o Flow 433,500 lbs
Bit Speed (No Load) 72-150 rpm Max Bit Pull w/o Damage 433,500 Ibs Bit Speed (No Load) 72-150 rpm Max Bit Pull w/o Damage 433,500 lbs
Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs Flow Range 300-600gpm Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.24 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs Revolutions Per Gallon 0.24 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs
Max Differential Pressure 1,280 psi Max Differential Pressure 1,280 psi
Off Bottom Pressure Loss 106 psi * Other connections available upon request Off Bottom Pressure Loss 106 psi * Other connections available upon request
** Exceeding these values may cause motor . ** Exceeding these values may cause motor
Max Operating Torque 13,720 Ib-ft components to remain in hole Max Operating Torque 13,720 Ib-ft components to remain in hole
Stall Torque 20,580 Ib-ft Stall Torque 20,580 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 812 83/a 978 812 83/a 9/s Deg. 812 83/a 9/s 812 83/a 978
0.39 1.80 1.91 2.43 0.39 0.25 0.23 1.88 2.00 2.51
0.78 0.66 0.09 3.82 3.94 4.46 0.78 0.81 0.50 0.36 4.01 4.13 4.64
iy 3,k 2.45 0.38 5.74 5185 6.37 L1 4.06 824, 1.65 6.03 6.15 6.67
1.50 5,55 4.73 1.92 7.55 7.66 8.18 1.50 6.14 5.06 3.02 7.95 8.06 8.58
1.83 7.49 6.87 4.06 9.26 9.37 9.89 1.83 8.99 7.89 6.71 978 9.86 10.38
2.12 9.36 8.74 5.3 10.14 10.25 10.77 2.12 11.91 11.21 8.03 11.34 11.45 11.97
2.38 11.05 10.43 7.61 12.10 12.22 12.74 2.38 13.54 12.84 9.67 12.76 12.87 13.39
2.60 12.47 7L 9.04 13.24 13.36 13.88 2.60 14.26 14.01 10.98 13.96 14.07 14.59
2.77 13,57 12.95 10.14 14.12 14.24 14.76 2.77 15.99 15.29 12.11 14.89 15.00 15.52
2.90 14.41 13.56 10.98 14.80 14.91 15.43 2.90 16.81 16.11 12.93 15.60 15.71 16.23
2.97 14.86 14.24 11.44 15.16 15.27 15.80 2.97 17.25 16.55 1138317 15.98 16.10 16.61
3.00 15.06 14.44 11.62 15.32 15.43 15.95 3.00 17.44 16.74 13.56 16.14 16.26 16.78
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

7" 5/6 8.3 Fixed Bend Housing 7" 6/7 6.5 Fixed Bend Housing
Performance Curves Performance Curves
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== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
PHYSICAL DATA GENERAL DATA PHYSICAL DATA GENERAL DATA
Bit to Bend Length (FBH)  55.25" Bit Sizes 812" - 97/s" Bit to Bend Length (FBH)  55.25" Bit Sizes 812" - 97/8"
Wear Pad OD 7.5" Std Bit Connection 4'/2 Reg Box Wear Pad OD 7.5" Std Bit Connection 4'/> Reg Box
Nominal Length 31 Std Top Connection® 42 IF Box Nominal Length 327 Std Top Connection® 4, IF Box
Weight 2,613 Ibs Max WOB with Flow 90,000 Ibs Weight 2,810 lbs Max WOB with Flow 90,000 Ibs
PERFORMANCE DATA Max WOB w/o Flow 433,500 Ibs PERFORMANCE DATA Max WOB w/o Flow 433,500 lbs
Bit Speed (No Load) 130-290 rpm  Max Bit Pull w/o Damage 433,500 lbs Bit Speed (No Load) 90-170 rpm Max Bit Pull w/o Damage 433,500 lbs
Flow Range 400-750 gpm  Max Bit Pull w/ Damage** 560,000 Ibs Flow Range 400-750 gpm  Max Bit Pull w/ Damage** 560,000 Ibs
Revolutions Per Gallon 0.38 rev/gal Max Body Pull w/ Damage** 1,033,000 lbs Revolutions Per Gallon 0.23 rev/gal Max Body Pull w/ Damage** 1,033,000 Ibs
Max Differential Pressure 1,960 psi Max Differential Pressure 1,530 psi
Off Bottom Pressure Loss 180 psi * Other connections available upon request Off Bottom Pressure Loss 130 psi * Other connections available upon request
. ** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 13,030 Ib-ft components to remain in hole Max Operating Torque 16,690 Ib-ft components to remain in hole
Stall Torque 20,530 Ib-ft Stall Torque 26,280 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 812 83/a 97/s 812 83/a 978 (Deg.) 82 834 97/ 82 83/ 97/s
0.39 1.71 1.83 2.33 0.39 1.63 1.74 2.22
0.78 3.82 3.94 4.43 0.78 0.60 3.64 375 4.22
alals 2.50 1.70 5.83 558 6.44 1,15 1.20 1.14 5.55 5.65 6.13
1.50 4.95 4.06 0.05 7.72 7.82 8.33 1.50 4.74 3.89 1.7 735 7.45 7.93
1.83 7.20 6.32 2.31 9.50 9.61 10.11 1.83 6.91 6.06 2.21 9.05 9.15 9.63
2.12 9.19 8.30 4.29 10.30 11.18 11.68 2112 8.81 7.96 4.12 &) 10.65 il 312
2.38 10.97 10.08 6.07 12.47 12.59 13.08 2.38 10.52 9.67 5.82 11.88 11.99 12.46
2.60 12.48 11.59 7.58 13.66 13.78 14.27 2.60 11.96 AL AL 7.27 13.01 13.12 13.59
2.77 13.64 12.75 8.74 14.58 14.69 15.19 2.77 13.08 12.23 8.38 13.89 13.99 14.47
2.90 14.53 13.64 9.63 1529 185,89 15.90 2.90 13.93 13.08 9.24 14.56 14.66 15.14
2.97 15.01 14.12 10.11 15.67 15.77 16.28 2.97 14.39 13.54 9.70 14.92 15.02 15.50
3.00 522l 14.33 10.32 15.82 15.94 16.43 3.00 14.59 13.74 9.89 15.07 15.18 15.65
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

8" 7/8 4.0 Adjustable Bend Housing 8" 7/8 4.0 Fixed Bend Housing
Performance Curves Performance Curves
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== ======== = Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
Bit to Bend Length (ABH) 85" Bit Sizes 97/g" - 12'/4" Bit to Bend Length (FBH) 71" Bit Sizes 97/g" - 12V/a"
Wear Pad OD 8.2" Std Bit Connection 65/s Reg Box Wear Pad OD 8.2" Std Bit Connection 6%/s Reg Box
Nominal Length 29' Std Top Connection* 6%s Reg Box Nominal Length 29' Std Top Connection* 655 Reg Box
Weight 3,600 lbs Max WOB with Flow 130,000 lbs Weight 3,600 Ibs Max WOB with Flow 130,000 Ibs
Mo WOB w/o Flow 672000165 Max WOB w/o Flow 67200015
Bit Speed (No Load) 66-150 rpm Max Bit Pull w/o Damage 672,000 Ibs Bit Speed (No Load) 66-150 rpm Max Bit Pull w/o Damage 672,000 Ibs
Flow Range 400-900gpm  Max Bit Pull w/ Damage** 710,000 lbs Flow Range 400-900gpm  Max Bit Pull w/ Damage** 710,000 Ibs
Revolutions Per Gallon 0.17 rev/gal Max Body Pull w/ Damage** 1,512,000 Ibs Revolutions Per Gallon 0.17 rev/gal Max Body Pull w/ Damage** 1,512,000 Ibs
Max Differential Pressure 900 psi Max Differential Pressure 900 psi
Off Bottom Pressure Loss 126 psi * Other connections available upon request Off Bottom Pressure Loss 126 psi *Other connections available upon request
** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 14,930 Ib-ft components to remain in hole Max Operating Torque 14,930 lb-ft components to remain in hole
Stall Torque 22,400 lb-ft Stall Torque 22,400 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED
Deg. 97/s 10%/s 12" 97/ 10%/s 12"s Deg. 97/s 10%/s 12" 97/ 10%/s 12"
0.39 0.80 2.70 3.14 4.09 0.39 0.96 2.81 3.25 4.21
0.78 1.03 1.00 4.83 8,27 6.22 0.78 1.21 1.20 5.05 5.49 6.45
1.15 1.31 1.23 1.20 6.85 7.29 8.24 1.15 1.49 1.47 1.44 7.18 7.62 8.57
1.50 6.14 5.06 2.21 8.76 9.20 10.15 1.50 6.37 6.06 2.65 9.19 9.63 10.59
1.83 7.60 6.26 2.74 10.56 11.00 11.96 1.83 798 7.50 3.28 11.09 .58 12.48
22.112) 9.85 8.18 4.74 11.49 .83 12.89 2.112) 9.93 9.80 5.68 12.06 12,5 13.46
2.38 11.58 9.90 7.58 13.56 14.01 14.96 2.38 12.02 11.86 9.08 14.25 14.69 15.65
2.60 12.87 11.19 8.05 14.77 15.21 16.16 2.60 113,52 13.41 9.64 15.51 15.96 16.91
2.77 14.16 12.49 9.10 15.69 16.14 17.09 2.77 15.17 14.96 10.90 16.49 16.93 17.89
2.90 15.02 18,85 9.73 16.40 16.85 17.80 2.90 16.21 15.99 11.66 17.24 17.68 18.64
2.97 15.49 13.81 10.19 16.79 17.23 18.18 2.97 16.77 16.54 12.21 17.64 18.08 19.04
3.00 15.69 14.01 10.81 16.95 17.39 18.35 3.00 17.01 16.78 12.95 17.81 18.26 19.21
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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== ======== = Maximum Differential Pressure

PHYSICAL DATA GENERAL DATA

Bit to Bend Length (FBH) 76"

Bit Sizes 12Ya" - 172"

Wear Pad OD 10.2" Std Bit Connection 6%s Reg Box
Nominal Length 37" Std Top Connection* 65 Reg Box
Weight 6,313 Ibs Max WOB with Flow 174,000 |bs
Max WOB wo Flow 520000 165
Bit Speed (No Load) 30-80 rpm Max Bit Pull w/o Damage 1,200,000 Ibs
Flow Range 400-900gpm Max Bit Pull w/ Damage** 1,280,000 lbs

Revoluti

ions Per Gallon

0.09 rev/gal Max Body Pull w/ Damage** 1,512,000 Ibs

Max Differential Pressure 800 psi

Off Bottom Pressure Loss 70 psi
Max Operating Torque

Stall Torque

* Other connections available upon request
** Exceeding these values may cause motor

22,530 Ib-ft components to remain in hole

35,480 Ib-ft

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg.
0.39

0.78

2.77
2.90
2.97

3.00

12" 143/ 172 12 143/s 172

0.68 1.63 2.58
1.00 2.44 3.39 4.34
1.20 4.11 5.06 6.01
2.74 5.69 6.64 7.59
4.49 7.18 8.13 9.08
6.04 1.05 8.49 9.44 10.39
7.42 2.43 9.67 10.62 11.57
8.59 3.61 10.66 11.61 12.56
9.50 4.51 11.43 12.38 1'3:33]
10.19 5.20 12.02 12.97 13.92
10.56 5958) 12.33 13.28 14.23
10.72 5.74 12.47 13.42 14.37

For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3.
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Maximum Differential Pressure

PHYSICAL DATA GENERAL DATA

Bit to Bend Length (FBH) 76"

Wear Pad OD 10.2"
Nominal Length 37
Weight 6,388 |bs

PERFORMANCE DATA

Bit Speed (No Load) 66-150 rpm
Flow Range 400-900gpm
Revolutions Per Gallon 0.17 rev/gal

Max Differential Pressure 1,330 psi
Off Bottom Pressure Loss 134 psi
Max Operating Torque 22,020 Ib-ft

Stall Torque 33,030 Ib-ft

Bit Sizes 12Va" - 172"
Std Bit Connection 6°/8 Reg Box

Std Top Connection* 655 Reg Box

Max WOB with Flow 174,000 Ibs
Max WOB w/o Flow 820,000 lbs
Max Bit Pull w/o Damage 1,200,000 lbs
Max Bit Pull w/ Damage** 1,280,000 lbs

Max Body Pull w/ Damage** 1,512,000 lbs

*Other connections available upon request
** Exceeding these values may cause motor
components to remain in hole

Predicted Build Rates - Deg/100 ft

ANGLE HOLE SIZE (in) - SLICK SLEEVE HOLE SIZE (in) - STABILIZED

Deg. 12V 1434
0.39

0.78 1.00

1.15 1.20

1.50 2.74

1.83 4.49

2.12 6.04 1.05
2.38 7.42 2.43
2.60 8.59 3.61
2.77 9.50 4.51
2.90 10.19 5.20
2.97 10.56 5.58
3.00 10.72 5.74

17> 12" 143/ 172
0.68 1.63 2.58
2.44 3.39 4.34
4.11 5.06 6.01
5.69 6.64 7.59
7.18 8.13 9.08
8.49 9.44 10.39
9.67 10.62 11.57
10.66 11.61 12.56
11.43 12.38 13933
12.02 12.97 13.92
12.33 13.28 14.23
12.47 13.42 14.37

For temperatures exceeding 140° F, the maximum rated differential pressure should

be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS 04 MOTOR SPECIFICATIONS

955" 7/8 6.5 - Fixed Bend Housing 958" 7/8 6.5 Adjustable Bend Housing
Performance Curves Performance Curves
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== ======== =  Maximum Differential Pressure == ===m==== = Maximum Differential Pressure
Bit to Bend Length (FBH) 76" Bit Sizes 12Va" - 172" Bit to Bend Length (FBH) 86" Bit Sizes 12Va" - 172"
Wear Pad OD 10.2" Std Bit Connection 6% or 7°/s Reg Wear Pad OD 10.13" Std Bit Connection 6%/ or 75/s Reg
Nominal Length 38" Std Top Connection* 6%/s or 7/s Reg Nominal Length 38" Std Top Connection* 6%/s or 7%/s Reg
Weight 7,615 lbs Max WOB with Flow 174,000 lbs Weight 7,615 lbs Max WOB with Flow 174,000 lbs
Max WOB w/o Flow 820,000 Ibs Max WOB w/o Flow 820,000 Ibs
Bit Speed (No Load) 79-140 rpm Max Bit Pull w/o Damage 1,200,000 Ibs Bit Speed (No Load) 79-140 rpm Max Bit Pull w/o Damage 1,200,000 Ibs
Flow Range 700-1200gpm  Max Bit Pull w/ Damage** 1,280,000 lbs Flow Range 700-1200gpm  Max Bit Pull w/ Damage** 1,280,000 Ibs
Revolutions Per Gallon 0.11 rev/gal Max Body Pull w/ Damage** 1,512,000 Ibs Revolutions Per Gallon 0.1 rev/gal Max Body Pull w/ Damage** 1,760,000 Ibs
Max Differential Pressure 980 psi Max Differential Pressure 980 psi
Off Bottom Pressure Loss 161 psi * Other connections available upon request Off Bottom Pressure Loss 161 psi *Other connections available upon request
** Exceeding these values may cause motor ** Exceeding these values may cause motor
Max Operating Torque 22,500 Ib-ft components to remain in hole Max Operating Torque 22,500 Ib-ft components to remain in hole
Stall Torque 33,750 Ib-ft Stall Torque 33,750 Ib-ft
Predicted Build Rates - Deg/100 ft Predicted Build Rates - Deg/100 ft
Deg. 12" 1434 17 12" 1434 172 Deg. 12" 1434 17 12" 14%a 17
©.39 1.41 2.26 3.18 0.39 1.24 1.99 2.80
0.78 3.16 4.00 4.93 0.78 2.78 3.52 4.34
IS5 0.90 0.75 0.63 4.81 5.65 6.58 1.15 0.79 0.66 0.55 4.23 4.97 5.79
1.50 2.70 2.24 1.89 6.37 7.20 8.15 1.50 2.38 1.97 1.66 5.61 6.34 7.17
1.83 4.44 3.69 3.11 7.85 8.69 9.62 1.83 SEGH) 825 2.74 6.91 7.65 8.47
2,12 5.97 4.96 4.18 9.1 9.99 10.92 2.12 5.2 4.36 3.68 8.05 8.79 9.61
2.38 7.34 6.09 5.14 10.31 11.15 12.08 2.38 6.46 5.36 4.52 9.07 9.81 10.63
2.60 8.49 7.05 5.94 11.29 12.14 13.06 2.60 7.47 6.20 5.23 9.94 10.68 11.49
2.77 9.39 7.79 6.57 12.05 12.90 13.83 2.77 8.26 6.86 5.78 10.60 11.35 12.17
2.90 10.07 8.36 7.05 12.64 13.48 14.41 2.90 8.86 7.36 6.20 FINI1 11.86 12.68
2.97 10.44 8.67 7eEil 12.95 13.79 14.72 2.97 OR11) 7.63 6.43 11.40 12.14 12.95
3.00 10.60 8.80 7.42 13.08 13,98 14.85 3.00 9.33 7.75 6.53 11.51 12.26 13.07
For temperatures exceeding 140° F, the maximum rated differential pressure should For temperatures exceeding 140° F, the maximum rated differential pressure should
be decreased as shown in Figure 3-3. be decreased as shown in Figure 3-3.
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04 MOTOR SPECIFICATIONS

Bearing Stabilizer Torque Values

.

Table 4-2
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05 ENGINEERING DA

Formulas
HORSEPOWER
Mechanical HP = TxN HP = Horsepower (hp)
5252 T = Torque (Ib-ft)
N = Rotational Speed (rpm)
Hydraulic HP = PxQ HP = Horsepower (hp)
1714 P = Pressure Drop (psi)
Q = Flow Rate (gpm)
PRESSURE
Across Bit P, = Qrx W P, = Bit Pressure Drop (psi)
10,858 x A? Q = Flow Rate (gpm)
w = Mud Weight (ppg)
A = Total Flow Area (in?)
Hydrostatic P = 0.052x TVD x W P = Pressure (psi)
TVD = Total Vertical Depth (ft)
w = Mud Weight (ppg)
VELOCITY
Jet vV = 32086 x Q \ = Velocity (ft/s)
A Q = Flow Rate (gpm)
A = Nozzle Flow Area (in?)
Annular VvV = .4085x Q \ = Velocity (ft/s)
D,2-D_? Q = Flow Rate (gpm)
y P
D, = Hole Diameter (in)
D, = Drillstring OD (in)
MOTOR EFFICIENCY
Motor Efficiency % = 32.64xTxN T = Torque (Ib-ft)
QxP N = Rotational Speed (rpm)
Q = Flow Rate (gpm)
P = Pressure Drop (psi)

TOTAL FLOW AREA (TFA)

For a Required Bit Pressure Loss

A = \/m A = Nozzle Area (in?)
Q = Flow Rate (gpm)
w = Mud Weight (ppg)
P, = Bit Pressure Drop (psi)

L AN NNNL\1\\\\
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05 ENGINEERING DAT

Conversion Tables Conversion Tables

UNITS MULTIPLY BY TO OBTAIN NITS MULTIPLY BY TO OBTAIN

& b 2 bbl/mi 42
ACCELERATION (ifsee 0.3048 m/sec /min gpm
(via GRAVITY)

32.2 ft/sec? 0.3084 9.81 m/sec? bbl/day 0.02917 gpm
m/sec? 3.2808 ft/sec? gpm 0.02381 bbl/min
deg (angle) 60 min gpm 34.286 bbl/day

ANGLE deg (angle) 0.01745 rad gpm 3.785 Ipm
deg (angle) 3,600 sec gpm 3.7x10-3 m*/min

in? 6.944 x 10-3 2 bbl/min 0.158899 m*min
in? 6.4516 cm? ft¥/min 4.72x10-4 mYsec
in2 6.4516 mm? FLOW RATE ft¥/min 0.1247 gal/sec
ft? 0.0929 m? ft%/min 0.472 liters/sec
ft2 144 in? ft¥/sec 448.83 gpm
anf 0155 in? lpm 0.2642 gpm
mm? 0.00155 in Gl 2642 gpm
i 10.764 fr2 m*min 6.2933 bbl/min

¥ 2118.6 ft3/mi
Ib/gal 119.82 kg/m® m¥/sec Ymin
ol 011982 - gal/sec 8.0515 ft*/min
ga . g/cm
- a8 e liters/sec 2.1186 ft%/min
gal b
3
Ib/ft® 5.787 x 10-4 Ib/in® oem 000228 fsec
Ibf 4.448 N
lb/ft? 16.02 kg/m?
Ib/in® 27679.7 kg/m? tof 4448103 N
DENSITY Ibf 0.4536 kgf
Ib/in® 27.6797 g/cm?
N 0.22481 Ibf
kg/m?* 8.346 x 10-3 Ib/gal®
kN 224.82 Ibf
g/cm?® 8.346 Ib/gal®
kgf 2.20459 Ibf
kg/m? 3.61x10-5 Ib/in®
in 25.4 mm
kg/m® 0.06243 Ib/ft>
in 2.54 cm
g/cm?® 0.03613 Ib/in®
ft 0.30479 m
joule 0.737557 ft-1b
ft 5280 mi
ft-Ib 1.35583 joule
ENERGY LENGTH mi 1.609 km
ft-Ib 1.286 x 10-3 Btu
mm 0.03937 in
Btu 777.6 ft-lb
cm 0.3937 in
m 3.2808 ft
km 0.6215 mi

FTTTITT T 777 A IR L ALY
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05 ENGINEERING DATA

Conversion Tables

Ib

Ib

kg
32in
NOZZLES

mm
hp

ft-Ib/min
ft-lb/sec

kw

STRESS

TEMPERATURE

Ib-ft
Ib-ft
Ib-ft
TORQUE
Nm
kNm
kgm
ft/min
ft/min
ft/min
ft/min
ft/min
VELOCITY
cm/sec
ft/sec
km/hr
m/min
mi/hr
gal(Us)
gal(us)
ft

VOLUME

bbl

6 © o .

_gyrodata 4

0.453597
5.535x10-4
2.2046
0.79375
1.2598
0.7457
2.259 x10-5
1.3557
1.34102
44250
0.7376
6.8948
0.0068948
0.0680462
0.068948
14.6959
14.50326
0.14504
145.03684
0.0068948
0.068948
0.0068948
14.50326
145.03684
145.03684
(°F-32)/1.8
(°Cx1.8) + 32
°F +459.69
°C +273.16
1.35582
0.00135582
0.1382
0.737561
737.561
7.23589
0.508
0.01667
0.01829
0.3048
0.01136
1.9685
59.988
54.67
3.281
88.028
3.785
0.003785
0.02831

0.1589

MULTIPLY BY TO OBTAIN

kg

ton (metric)

Ib
mm
s2in
kw
kw
w
hp
ft-lb/min
ft-Ib/sec
kPa

Mpa

Nm
kNm
kgm
Ib-ft
Ib-ft
Ib-ft

cm/sec
ft/sec
km/hr
m/min
mi/hr
ft/min
ft/min
ft/min
ft/min

ft/min

ATTTTT T T T 7 7 R —
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Buoyancy Factors for Steel Drill Collars

MUD WEIGHT (Ibs/gal)

MUD WEIGHT (kgf/I)

8.5
9.0
€5

10.0

1.0

1.5

12.5

13.0

14.0

14.5

155

16.0

17.0
175

18.0

EXAMPLE
BF = 1- MW,
65.37

BF = - MW,
7.83

L AN NNNL\1\\\\

1.02 0.870
1.06 0.862
114 0.855
1.20 0.847
1.26 0.839
1.32 0.832
1.36 0.824
1.44 0.816
1.50 0.809
1.56 0.801
1.62 0.793
1.68 0.786
1.74 0.778
1.80 0.771
1.86 0.763
192 0.755
1.96 0.748
2.04 0.740
210 0.732
216 0.725

BF = Buoyancy Factor
MW, = Mud Weight (Ib/gal)

BF = Buoyancy Factor
MW, = Mud Weight (kgf/I)

Note: Ib/gal x 0.11983 = kgf/I

gyrodata
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05 ENGINEERING DATA 05 ENGINEERING DATA

Collar Weights in Pounds Per Foot Drill Collar Connection Make-Up Torque

BORE OF DRILL COLLAR (in)

1 1 2 2 N T E X Y E A
19 18 16

21 20 18
22 22 20
16 26 22
30 29 27
35 33 32

40 39 37 35 32 29

43 41 39 37 SOl 52

46 44 42 40 38 35

51 50 48 46 43 4

54 52 50 47 44
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w
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o

w
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&
o
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o
2
w
x
<
=
=
=
=
=
=

61 59 56 53 50 o o o o o o 8
N R R &8 & e 3
— — — o~ o~ o~ = [}
68 66 63 60 57 ‘
- 75 73 70 67 64 60
3
= 82 80 78 75 72 67 64 60 R S s = - R
o v o o : 0 :) = = |9 9
I3 9 g J 5 B < 3
o 90 88 85 83 79 75 72 68 s oe o - - B~
@
o 98 96 94 91 88 83 80 76 72
'S
° 107 105 102 99 96 91 89 85 80
=] ® O T © n N~ W o 9 -
° 28 3 318 8 2888 8
16 114 111 108 105 100 98 93 89 AN 7 S o BN o Bl 0
125 123 120 117 M4 10 107 103 98 93 84
134 132 130 127 124 M9 M6 12 108 103 93 ol
o
o ®m o
O S
7Y 144 142 139 137 133 129 126 122 17 M3 102 [N
7% 154 152 150 147 144 139 136 132 128 123 112
n 165 163 160 157 154 150 147 143 138 133 122
» = - Bl = - B s B s
8V 176 174 171 168 165 160 158 154 149 144 133 . ~ . ~ B °
187 185 182 179 176 172 169 165 160 155 150 w
=
z
n 210 208 206 203 200 195 192 188 184 179 174 N ©
3 & 2 3 £, 03
o} S =
9 234 232 230 227 224 220 216 212 209 206 198 5 9 > x &z E
z “ @
9% 248 245 243 240 237 232 229 225 221 216 2M z
o
261 259 257 254 251 246 243 239 235 230 225
317 315 313 310 307 302 299 295 291 286 281 % 2 = % I8
379 377 374 371 368 364 361 357 352 347 342
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Drill Collar Connection Make-Up Torque Properties of Drill Pipe and Tool Joints

Recommended Make-Up Torque' for Rotary Shouldered Drill

-3
Collar Connections. 322 _ [N ~ . ™ o - B
u'JuJOQ.: o) o~ < o 0 NN OO
£2z-35 [ o o o o S A
ER N © © o o 5= O VW Vv O
NOTES Sx=Q =
o ©O
[
3.  Torque values preceded by an asterisk (*) indicates the ~ -]
. . . . Wy
weaker member and its corresponding outside diameter @ 83§<? & & S 3 3 T e
< z2uli<s Iy = N N >~ B~ E
(OD) and bore, called the box thread. For all other torque = 3233 N -
values, the weaker connection is the pin thread. &
-
z
) o o o o o
3. Torque values are defined by the output of each g 2 2 2 o < 318 Ile
. . . . . - - - ~ - ) ) ) ~
connection size and type relative to its corresponding 8 ~ < N < < o <
drill collar OD and bore size. =
o
“802 ~ ™ o
For example, when the 23/s" API IF, API NC26, and 27/8" Slim 2uooz B e o = B S B
P ww o3 © & 2 b <+ % 0 @
. . . . 2z _,0 BN © N " £ @ @ © O
Hole connections are paired respectively with the 3%" x ;gga': ~ o S = ) NN NN
. S - o ©°
1" drill collar, the individual output equals a minimum " = "
make-up torque value of 4,600 Ib-ft and the box as the g S
. =
weakest connection. O 2355 ) = al = I
3 z2 a4 < R R NS
. . = ZI0
3.  Stressrelief features are disregarded for make-up torque. o @®
(-8
-
z
o o b s 2 o 8y m
= S = o = 2 22 n E
FOOTNOTES 3 s 5 N = SE =
o
=
1. The basis of calculations for recommended make-up
torque assumes a thread compound containing 40-60% o w a a o o -8 o a o a
. . . . 22 ) © o © ) w 1w o =
by weight of finely powdered metallic zinc or 60% by g o o N o N = B o B
. . ) ) <0 7 s NS : > .
weight of finely powdered metallic lead; that is not to s - S ) g o o SEl 2B
exceed 0.3% total active sulfur applied thoroughly to all
threads and shoulders. Calculations apply the "modified <
. . o b3 g g g 2 5=
screw jack formula” found in APl RP7G (16th edition) a < < >: < § —\; N E
. ) = ~ ~ ~ D N
Appendix A, paragraph A.8, and a unit stress of 62,500 z ”
. ; ) ) o
psi in the box or pin - whichever is weaker. =
o
o
o
2. N It is defined as tabulated value pl " w w w SR o E =S
. ormal torque range is defined as tabulated value plus = o = N E
10%. Higher torque values may be used under extreme g

conditions.

3. Make-up torque for 2776 PAC connection is based on
87,500 psi stress and other factors listed in footnote 1.

IHHHHHHHI
NC38
NC38
NC38
NC40
NC40
NC46
4 WO
4 OHLW
4 H90

- - i i -
4. Make-up torque for H-90 connection is based on 56,200 G w " " 0 0 0 w B - I8
. . . o 2 ~ o . = 61 NN NN
psi stress and other factors listed in footnote 1. 5g u = o o % oW
a0 =) : . - ' S5 Bl o B
[ w 3 a a 3 AT
5. Source: APl Recommended Practice 7G, Sixteenth Edition, =
December 1, 1998. w
= o o o o o n 1y 1 o
2 = = = < <
[=]
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Properties of Drill Pipe and Tool Joints
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05 ENGINEERING DATA

05 ENGINEERING DATA

Properties of Drill Pipe and Tool Joints’ Mechanical Property of Drill Pipe’
Recommended minimum OD and make-up torque of weld-on
type tool joints based on the torsional strength of box and BN S B = 55 N S
. . o <~ o s ~ = 0 0 o
drill pipe. O ®© o © o N S &0~
~ ™ I < o o < o )
&= — — o~ — - o~ — —
Tool joint diameters are required to retain torsional strength _
. . . =
in the tool joint comparable to the torsional strength of the s - o o o 2 0 o
attached drill pipe; which is typically adequate for all services. 5 | & IS 3 © S & N &
Tool joints with torsional strengths considerably below that of EE S O gf o o § I 03\ g
the drill pipe may be adequate for most drilling services. ag
w
Qu
w > g 0 o Q ) O ™ S o
FOOTNOTES Tz o 5 S s ™ '3 S 33
3 8 503 KR N : B
5 g = 2 @
)
1. The use of outside diameters (OD) smaller than those
listed in the table may be acceptable due to special N o BN 2 S = S B
service requirements B 2 ;‘ \:’ i b -
' N - B s S & 2 & &
2. Tool joints with dimensions shown have lower torsional
yield ration than the 0.80 which is generally used.
o SO N o B S 3=
ol L R 3 8 o 9 B ~ g
3. Recommended make-up torque is based on 72,000 psi stress. il © o© - © @~ B - e
4. In calculation of torsional strengths of tool joints, both é
new and worn, the bevels of the tool joint shoulders are T 0 n ™ = 0 o © v~
<D— 0 - - n ™ @ & 0 ~
disregarded. This thickness measurement should be made =Y B . N "~ . ® ©
<g O n <~ © © n = © ~
in the plane of the face from the ID of the counterbore to SE
w
the outside diameter of the box, disregarding the bevels. A
og
. . . . g; « o ) ~ D o~ 2 o )
5. Anytooljoint with an outside diameter less than APl bevel R 8 =38 5 S Q « g‘ ;
diameter should be provided with a minimum /32" depth S © ¥ < LRI S «© v
x 45° bevel on the outside and inside diameter of the box g
shoulder and outside diameter of the pin shoulder. =
™ ) < o - o ™ o~ <
in limi imi N - S & %
6. P =Pinlimit. B =Box limit < © o ¢ < < ® O

The information in the above table is taken from API
Recommended Practice 7G, Sixteenth Edition, December 1, 1998.

H
New
Premium
Class 2
New
Premium
Class 2
New
Premium
Class 2

NOMINAL
WEIGHT NEW
4.85
6.65
6.85

23/s
27/s

ATTTTT T T T 7 7 R — L AN NNNL\1\\\\
| gyrodata 4 A gyrodata |
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05 ENGINEERING DATA 05 ENGINEERING DATA

Mechanical Property of Drill Pipe’ Mechanical Property of Drill Pipe’

* New Drill Pipe Torsional and Tensile Data, Used Drill Pipe

N b Torsional and Tensile Data APl Premium Class, and Used Drill
2 8- X Pipe Torsional and Tensile Data API Class 2
0 & 0
o ~ %)
FOOTNOTES
=
z R = o 1. New weight, nominal with threads and couplings.
o B " e
22 S o 2
gE ~ wn wn
e NEW DRILL PIPE
a0
oo
zs — < (32 P
Ez S B 2. Based on the shear strength equal to 57.7% of minimum
E g g ”\g yield strength and nominal wall thickness. Minimum
E I torsional yield strength calculated from equation RP7G,
(16th edition) Appendix A, paragraph A.15.
o o wn
o - wn
= : N 3 Tensile data based on minimum values. Minimum tensile
i < B strength calculated from equation in APl RP7G, (16th
edition) Appendix A, paragraph A.13.
2 3 8
~ o < PREMIUM CLASS
C
? 4. Based on the shear strength equal to 57.7% of minimum
E - yield strength.
= N S B
=4 © n ™
<O EE <
EE - el 5. Torsional data based on 20% uniform wear on outside
20 diameter.
Z o
oa
g; N ~ B 6. Tensile data based on 20% uniform wear on outside
"g g 2 0S diameter.
o o ~ v
0
-3
(=]
CLASS 2
n [ <]
B
9 g S 7. Based on the shear strength equal to 57.7% of minimum
yield strength.
g ~ 8. Torsional data based on 30% uniform wear on outside
2 3 » .
C qg) _g diameter.
s B
9. Tensile data based on 30% uniform wear on outside
:('é diameter.
z, R
§§ IS The information in the above table is taken from API
z; Recommended Practice 7G, Sixteenth Edition, December 1, 1998.
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05 ENGINEERING DATA
Heavy Walled Drill Pipe Drill Bit Sizes

TUBE
NOMINAL SIZE
(in)
1D WALL TH|CKNESS
0.719

05 ENGINEERING DATA

ROTARY PIN BIT SIZE ROTARY PIN BIT SIZE
CONNECTION (in) CONNECTION (in)

312 2116 3% 912
5
312 21/s 0.625 37s e
93/
4
4 2% 0.719 7 EE o
4Vs
42 294 0.875 pr—
43/
5 3 1.000 11
41/2
51, 3% 1.063 ne
45/
6%/ 41/ 1.063 e
8 2 .
i M54
27/s REG
478 65/s REG 12
5 12s

o e
NOMINAL SIZE
53/g 133/a
CONNECTION
SIZE - 143/

(in)

312 NC38 (32 IF) 43/4 213/16 5/, 15
16
312 NC38 (32 IF) 434 23/s 57/
17
4 NC40 (4 FH) 514 2116 6
172
4% NC46 (4 IF) 6 27/s 6's q
31, REG 182
1
5 NC50 (47 IF) 6% 3116 Stk 147,
6%/s
51, 51 FH 7 31 14374
6/2 15
65/s 65/5 FH 8 4> 65/ 16
63/ 17
7 171/2
75/s REG
APPROXIMATE WEIGHT (In UBE & JOINTS) 3, 1872
NOMINAL SIZE e
(in) 20
WT/FT WT/JT 30FT 72
(Ib) (Ib) 22
75/s
23
312 2116 769 o
24
312 2s 695 7
77/ 26
4 2%16 815 81/s 185/s
1 3
4 294 1,230 SCIRES SHE 20
8 22
5 3 1,480
85/s 23
85/s REG
51, 3%s 1,880 — 24
65/ 41 2,290 9 el
27
9/
+ larger

_I " ATTTTT T T T 7 7 R — _\\\\\\\\\\\_I "




05 ENGINEERING DA

Hole Curvature

BUILD RATE HOLE RADIUS BUILD RATE HOLE RADIUS

DEG/100 FT R1 R2
(30 m) FEET METERS

DEG/100 FT R1 R2

(30 m) FEET METERS
2 2,865 859 82 70 21
4 1,432 430 84 68 20
6 955 286 86 67 20
8 716 215 = = -
10 573 172 % ) 0
12 477 143 0 = 10
14 409 123 i i n
16 358 107 o6 0 18
18 318 95 o8 s 18
20 286 86 100 o 5
B O T s i
26 220 66 110 >2 e
28 205 61 s 50 s
30 191 57 120 48 Lt
32 179 54 25 25 &
34 169 51 30 2 9
36 159 48 i 2 i
38 151 45 0 it 12
40 143 43 =S 40 12
42 136 41 o0 S5 a1
44 130 39 155 37 11
46 125 37 160 36 11
48 119 36 165 35 10
50 115 34 170 34 10
52 110 33 175 33 10
54 106 32 180 32 10
56 102 31 185 31 9
58 99 30 190 30 9
60 95 29 195 29 9
62 92 28 200 29 9
64 90 27 210 27 8
66 87 26 220 26 8
68 84 25 230 25 7
70 82 25 240 24 7
72 80 24 250 23 7
74 77 23 o 7 =
76 75 23 20 2 &
78 73 22 0 - 7
80 72 21 250 20 %

FORMULA
_ Arc Length (ft) R2 = Arc Length (m)
0.017453 x Angle (°) ~ 70.017453 x Angle (°)
Radius ’
\
Angle
(degrees)

Arc Length —

\
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06 NOZZLE SELECTION

NOZZLE FLOW RATE (gpm)

Nozzle Selection Formula

Gyrodata's GyroDrill performance motors can be supplied
with a nozzle inserted to the top of the rotor catch to allow a

partial fluid bypass of the rotor and stator.

The formula below illustrates the procedure used to properly

select the nozzle size.

1. From the motor power curves (shown in chapter 4), specify
the flow rate through the motor (Qm) for the required

motor RPM and differential pressure.

2. Subtract this flow rate from the total required flow rate

(Qt) to obtain the required flow rate through the nozzle.

Qe = Qn x 0.35 x Square Root (Mud Weight)
(gpm) (gpm) (Ibs/gal)

Using this comparable nozzle flow rate (Qe) and the optimal
motor differential pressure, obtain the required nozzle from

the chart in Figure 6-1.

Figure 6-1
Nozzle Selection

800 32/32
600 28/32
24/32
400 w
N
20/32 &
o
<
- 1S
200 16/32 =
12/32
—_—
= /32
0 100 200 300 400 500 600 700

ON BOTTOM MINUS OFF BOTTOM PRESSURE (psi)

L\
ANANNNNLNNNY gyro da ta



06 NOZZLE SELECTION

Nozzle Selection Example

EXAMPLE

A total flow of 700 GPM is required using a 63%" 6/7 lobe,
5.0 stage motor at an on-bottom minus off-bottom
pressure of 300 psi. The required speed is 125 RPM and
the mud weight is 9 PPG.

The 63%" 6/7 lobe, 5.0 stage motor power curve shows
that 430 GPM is required to turn the motor at 125 RPM.
Subtracting 430 GPM motor flow rate from 700 GPM
total flow rate will give the needed nozzle flow rate of
270 GPM.

Adjusting the nozzle flow rate for 9 PPG mud will give a
nozzle flow rate (Qe) of:

Qe = Qn x .35 x SQRT(PPG)
Qe =270 GPM x .35 x SQRT (9)
Qe =284 GPM

The above chart indicates that a 22/32 nozzle is required
to bypass 284 GPM at 300 PSI.
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07 FISHING DIMENSIONS

43/4" Adjustable Bend Housing (ABH)
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All rotors are coated with tungsten carbide.

R*

All values listed are in inches.
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07 FISHING DIMENSIONS

43/," Fixed Bend Housing (FBH)
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All rotors are coated with tungsten carbide.
All values listed are in inches.

R* =

All rotors are coated with tungsten carbide.
All values listed are in inches.

R* =
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07 FISHING DIMENSIONS 07 FISHING DIMENSIONS

43/4" Rotary Steerable System (RSS) 5" Adjustable Bend Housing (ABH)
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R* = All rotors are coated with tungsten carbide. R* = All rotors are coated with tungsten carbide.
All values listed are in inches. All values listed are in inches.
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07 FISHING DIMENSIONS 07 FISHING DIMENSIONS

5" Fixed Bend Housing (FBH) 5" Short Bit to Bend - Fixed

339
364
E

T {

. ViV

* 0

(| .

-7 JF

89

5.00
5.00 81.6
5.00

R*
5.00 3.26
R*

5.00 3.48 5.00 3.02

5.00 3.85

-
M\

5.38

2.36 5.38

T\
| Y/
P

556 4.88 236 538 500 348 500 3.02

5.56 4.88
556 488 236

362
356

3
I
o

325
350

319

81
75

54.5 81.6

moror [ Loees Jsmaes| a ] e J e ] ol rleful o]l ilnloflerfalr]s]uly]
332
357

moror | Loses Jsraces] A [ 8 [c]olrfo]ul i fu]c]ofn]olrlofr]s]u]v
32
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n <
A a
== @
! ] S o N &
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¥ )
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N % o~
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< - o g < o
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N N N
O O O
n wn wn
R* = All rotors are coated with tungsten carbide. R* = All rotors are coated with tungsten carbide.
All values listed are in inches. All values listed are in inches.
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07 FISHING DIMENSIONS 07 FISHING DIMENSIONS

6'/2" Adjustable Bend Housing (ABH) 62" Fixed Bend Housing (FBH)
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R* = All rotors are coated with tungsten carbide. R* = All rotors are coated with tungsten carbide.
All values listed are in inches. All values listed are in inches.
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07 FISHING DIMENSIONS

I
0
L
o)
[=
(%]
3
0
I
o
c
o
0
o
0
Kl
ic
"4
N
©

63/s" Adjustable Bend Housing (ABH)

6S€ 96 SL'9
vve 96 SL9
66C 96 SL'9

SL'9

lﬂ!ﬂlﬂl!-l!l'!-ﬂﬂﬂ HH =]

vo'v

0S'v 00°L/SL9

[404
wy

SL'9

SL9
SL'9

00°S
00°S
00°S
00°S

00" £/889
00°L/88°9
00'£/889
00'£/88°9

S¢'L
S¢'L
SC'L
GeV/A

£EE
LEE
HEE
LEE

SL'9
SL'9
SL'9
SL'9

A
A
L
YL

6LE
o€
61€

6ve  Tve
vee  9ce
68C 18T

T6c

68

68

68

Ve Ly
Vs LY
Vs Ly

Ly

o1
£V
£V

12
123
TE

LS
€€
0's

«d (o] A
{ —
I—l_ i — H..-
— r 1
‘|U r:: ]
[ _ N "
\'4
4q
o]
a
4
n
9
H
A
|
6SE 96 SL9 V9V SL9 00'S 00°L/T89 00L SL'9 LEE SL9 Vvl 6LE 6YVE TVE 68 OL ¥9 LV €7 1€ L'S 8/L /9
VY€ 96 SL'9 0S¥ 00L/SL9 00'S 00L/T89 00L SL9 LEE SL'9 vl ¥9€ VEE 9ZE 68 OL V¥9 L¥ €V 1€ €€ 8/L /e9
66C 96 SL'9 CEV SL9 00'S 00°L/T89 00L SL9 LEE SL9 ¥vL 6IE 68C 18 68 0L V9 LV EF 1€ 0'S L/9 /9
SL9 Tty SL'9 00'S 00°Z/T89 00L SL9 LEE SL9 WL T6C /9
.Eﬂﬂ!ﬂ-lﬂ-ﬂ.ﬂ-.‘ﬂ-ﬂ.ﬂﬂ.ﬂﬂ saovis| 52401 [2oLow
«d d o N W 1 A r
1 Y
_ _ . — T — | E— 1 .|—;
— I '
] i i ’
T =
(I 1 —_— -“- ——4
v
|
o]
| a
3
E |
n
9
H
A
|

8/L
8/L
L/9

/69
/69
/69
/9

All rotors are coated with tungsten carbide.
All values listed are in inches.

R*

All rotors are coated with tungsten carbide.
All values listed are in inches.
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07 FISHING DIMENSIONS 07 FISHING DIMENSIONS

63/4" Short Bit to Bend - Fixed 63/4" Rotary Steerable System (RSS)
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R* = All rotors are coated with tungsten carbide. R* = All rotors are coated with tungsten carbide.
All values listed are in inches. All values listed are in inches.
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07 FISHING DIMENSIONS
63/s" Double Stabilized
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All rotors are coated with tungsten carbide.

R*

All rotors are coated with tungsten carbide.
All values listed are in inches.

R* =

All values listed are in inches.
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07 FISHING DIMENSIONS 07 FISHING DIMENSIONS

8" Adjustable Bend Housing (ABH) 8" Fixed Bend Housing (FBH)
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R* = All rotors are coated with tungsten carbide. R* = All rotors are coated with tungsten carbide.
All values listed are in inches. All values listed are in inches.
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07 FISHING DIMENSIONS

8" Rotary Steerable System (RSS)
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All rotors are coated with tungsten carbide.
All values listed are in inches.

R*

All rotors are coated with tungsten carbide.
All values listed are in inches.
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07 FISHING DIMENSIONS

95/s" Adjustable Bend Housing (ABH)

€9'6 059 IS9 €96 00°L 886 €T, ETOL ET’'L 8E'9 88'6 88F 00LI00CLSLIT ¥Sy LIy 80y €OV LIT 9¥6 S98 6L VL 8LS T9 8 8/L %56
BEEB RN = .HIHHHHHHIHHEEE
3ZI1S avV1s
A X *M A n 1 S d (o] d O N W
1 I
0 ]
- [y
i 3 _ [
|
-t g T L
v
q
2
a
E
El
9
H
I
¢
A
vo "1

All rotors are coated with tungsten carbide.

W

All values listed are in inches.
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GYRODATA INCORPORATED

Corporate Headquarters

23000 Northwest Lake Dr.
Houston, Texas 77095
T 1.281.213.6300 F 1.281.213.6301

MOTOR FACILITIES

HOUSTON, TEXAS
1.281.213.6300

MIDLAND, TEXAS
1.432.561.8458

CASPER, WYOMING
1.307.472.0182

OKLAHOMA CITY, OKLAHOMA
1.405.677.0200
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