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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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This part of ISO 15136 has been developed by users/purchasers and suppliers/manufacturers of progressing
cavity pump surface-drive systems and is intended for use in the petroleum and natural gas industry
worldwide. ISO 15136-2 provides requirements and information to both parties in the selection, manufacturing,
testing, and using progressing cavity pump surface-drive systems as defined in the scope. Further,
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hibit a supplier/manufacturer from offering, or the user/purchaser from accepting, alternative e
neering solutions. This may be particularly applicable where there is innovative or developing

ide details.

© I1SO 2006 — All rights reserved

pliers shall

lity control
r a specific

choice of

he standard

Additional

ned in this

ot intended

Huipment or
technology.
5136-2 and


https://standardsiso.com/api/?name=4715188faf391e1ab15711a6ddd1720f



https://standardsiso.com/api/?name=4715188faf391e1ab15711a6ddd1720f

INTERNATIONAL STANDARD

ISO 15136

-2:2006(E)

Petroleum and natural gas industries — Progressing cavity
pump systems for artificial lift —

Part 2:

Sy

1

This
and
the

defi
seld

Equ
suc
tran

or might not be covered by other International Standards.

2

The]
refe]
doc

ISO
acc

ISO
qua

ISO
iden

ISO

rface-drive systems

Scope

part of ISO 15136 provides requirements for the design, design verification and validation, m3
data control, performance ratings and repair of progressing cavity pump-surface-drive systen
petroleum and natural gas industry. This part of ISO 15136 is applicable to those products
nition of surface-drive systems. Additionally, informative annexes(provide information on br
ction, installation, and operation; and sucker rod selection and use.

ipment not covered by this part of ISO 15136, unless integral by design, includes bottom dri

er rods, polished rod clamps, stuffing boxes, electrical controls, instrumentation, exte
smission devices, auxiliary equipment, such as belts,csheaves and equipment guards. These

Normative references

following referenced documents aresindispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

2859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemes
bptance quality level (AQL) for lot-by-lot inspection

2859-2, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexed
ity (LQ) for isolated lot inspection

3601-1, Fluid power systems — O-rings — Part 1: Inside diameters, cross-sections, toleranc
tification-code

3601-3, Fluid power systems — O-rings — Part 3: Quality acceptance criteria

nufacturing
s for use in
neeting the
bke system

e systems,
rnal power
items might

For dated
referenced

indexed by

by limiting

es and size

ISO

ISO

6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method (Scales A, B, C, D, E, F, G,
H K N, T)

ISO

ISO

9000, Quality management systems — Fundamentals and vocabulary

9712, Non-destructive testing — Qualification and certification of personnel
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https://standardsiso.com/api/?name=4715188faf391e1ab15711a6ddd1720f

ISO 15136-2:2006(E)

ISO 15156 (all parts), Petroleum and natural gas industries — Materials for use in H,S-containing
environments in oil and gas production

ASTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM D1415, Standard Test Method for Rubber Property — International Hardness

ASTM D2240, Standard Test Method for Rubber Property — Durometer Hardness

ASTM E140, Standard Hardness Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers
Hardness, Rockwell Hardness, Superficial Hardness, Knoop Hardness, and Scleroscope Hardness

MIL STD 1(

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 9000 and the following apply.

31
applied tor
torque that

3.2

auxiliary equipment

equipment
and/or instg
motor contr|

3.3
axial-load ¢
maximum

capabilities

3.4
backspin
process by,
opposite to

3.5
backspin-r|
torque appl

3.6

5E, Sampling Procedures and Tables for Inspection by Attributes

que
s applied to the top of the drive string by the surface-drive system

or components that are outside the scope of this partiof ISO 15136 and are typically sele
lled by the user/purchaser; examples are sheaves and-belts, motors, polished rod clamps, gud
bllers and torque limiting devices

capacity

bllowable load that can be supported by the structure independent of auxiliary equipn

which the progressing cavity pump, the drive string and the power train turn in the direg

normal operation and which is driven by the release of the torsional and fluid potential energy

psisting torque
ed to the drivestring to resist backspin

brake-engagement speed
rotational s}eed at which the brake system engages during backspin

cted
rds,

hent

tion

3.7

bottom-drive system
PCP drive system utilizing a downhole prime mover

3.8

brake system
system that provides controlled resistance to backspin

3.9

drive string
device transmitting power (usually sucker rods) between the surface-drive system and the PCP

© I1SO 2006 — All rights reserved
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3.10
dynamic fluid level
depth from the wellhead to the top of the liquid column in the casing-tubing annulus under dynamic conditions

3.1
direct drive
type of surface-drive system with no internal gear reduction

3.12
driver sheave
pulley mounted on the prime mover shaft in belt driven surface-drive systems

3.13
driven sheave
pulley mounted on the main shaft in belt-driven surface-drive systems

3.14
flow rate
volyme of fluid pumped per unit of time

3.14
flui¢g potential energy
enefgy stored in the production system due to the difference in fluidilevels between the production tubing and
the fubing-casing annulus

31
fluig head
pregsure exerted by the fluid above the downhole pump

3.11%
friction torque
resistance to rotation of the drive string (inside’the tubing) and the rotor (inside the stator) that i dependent
upoh factors including (but not limited, to)-well depth and trajectory, pump geometry and intgrference fit
between rotor and stator, and stuffing box'characteristics

31
gear-reduction drive
typg of surface-drive system with an internal gear reduction

3.1¢

hear capacity
tota| energy absarbed by the surface-drive system divided by the change in surface-drive system t¢mperature

3.2(
hez[ dissipation rate

rate] at Which energy is dissipated from the surface-drive system to its surroundings in the form of heat

3.21
hydraulic drive
type of surface-drive system powered by a hydraulic prime mover

3.22
hydraulic torque
torque induced by the differential pressure across the PCP acting on its effective cross-sectional area

3.23

input power rating
maximum allowable power, which may be supplied to the surface-drive system

© I1SO 2006 — All rights reserved 3
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3.24
job lot

batch of material or components that have undergone the same process or series of processes

3.25

job-lot traceability
the ability of parts to be identified as originating from a job lot which identifies the included heat(s)

3.26
main shaft

central shaft of the surface drive that is connected to the drive string

3.27

maximum
maximum §
auxiliary eq

3.28
maximum
maximum

shutdown, the rotating speed does not exceed the maximum backspin speed for, the“surface-drive system

3.29
maximum
maximum g

3.30
moment off
ratio of the

acceleration of those components about a common axis

backspin speed

Lipment

Hynamic fluid level
bperating fluid level in the annulus as measured from the surface that ensures that, aft

bperating torque
llowable operating torque applied at the main shaft as spegified by the supplier/manufacturer

inertia
torque applied to the rotating components of the surface-drive system divided by the ang

3.31

operating
range defin
the supplie

3.32

operating temperature range

range defin
specified by

3.33

polished-rod stick-up

length of pg

3.34

}peed range

d by the minimum and maximum~gperating speeds for the surface-drive system as specifie
manufacturer

ed by the minimum(and maximum operating temperatures for the surface-drive system
the supplier/manufacturer

lished rad extending above the top of the polished rod clamp

power train

peed allowed at the main shaft that will not compromise the integrity of the surface-drive"systefn or

Br

ular

d by

as

components of the surface-drive system and auxiliary equipment which transmit power from the prime mover
into the drive string

NOTE

3.35

Includes belts, sheaves, gears, direct coupling or other combinations to achieve the required output.

prime mover
motor (typically hydraulic, electric or internal combustion) providing the torque to the power train

© I1SO 2006 — All rights reserved
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3.36

production system
assembly of equipment that includes the downhole pump, drive string, production tubing, well casing, surface-
drive system, and auxiliary equipment

3.37

progressing cavity pump
pump consisting of a stator and rotor whose geometry of assembly is such that it creates two or more series of
lenticular, spiral, separated cavities

3.38

repair

acti

incllide, machining, welding, heat treating or other manufacturing operations

3.34
suri
ass
pum
as &

3.4(
thry
dev
it to

3.41
thry

ities that include disassembly, re-assembly and testing with or without the replacement 6f\pa

ace-drive system

embly of equipment that, when installed, transmits torque from a prime mover into a progre
p drive string, supports the loads transmitted by the drive string and controls backspin of the
pplicable

st bearing
ce within a surface-drive system that supports the axial load-fransmitted by the drive string wh
rotate

st-bearing rating

rts and can

5sing cavity
drive string

ile allowing

bealing manufacturer’s published statistical ratings_that serve as guidelines in the prediction of |bearing life
expgectancies under given conditions

3.42

torque-limiting device

dev|ce that prevents the surface-drive system from applying a torque to the drive string grepter than a
pregcribed value

3.43

torgional energy

enefgy stored in the drive string due to torque-induced elastic deformation

4 |Abbreviated-terms

ANSI American National Standards Institute

ASNE American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

AQL Acceptance quality limit

IEC International Electrotechnical Commission

mo month

NACE National Association of Corrosion Engineers

NDE Nondestructive examination

PCP Progressing cavity pump

© I1SO 2006 — All rights reserved 5


https://standardsiso.com/api/?name=4715188faf391e1ab15711a6ddd1720f

ISO 15136-2:2006(E)

SAE Society of Automotive Engineers
SNT (ASNT) American Society for Nondestructive Testing
yr year

5 Functional specification

5.1

General

The user/p
ISO 15136
identify the
recommend
operating ¢
communica
form for thig

The user/p
temperatur
ratings. Thg
the surface
be determi
backspin m

5.2 Surface-drive system type selection

The user/py
a) gear-re
b) directd

c) hydrau

5.3 Fung

5.3.1 Gen

The user/py

5.3.2 Appglication-parameters

Functional

tion in a format that conforms to this part of ISO 15136. An example of a functional specific3

irchaser shall prepare a functional specification to order products which conform to this-pa
and shall specify the following requirements and operating conditions as appropriaté;-an
supplier’'s/manufacturer’s specific product. This information is used by the supplier/manufactur
the surface-drive systems and/or components for the application. These requirements
onditions may be conveyed by means of a dimensional drawing, data sheet/or’other suit
information is provided as Annex F.

rchaser shall ensure that the expected operating axial load, torque, speed, surface-drive syq
, power and braking requirements (where required) do not exceed the surface-drive systg
maximum operating torque and the maximum dynamic fluid level-are a function of the abilif
drive system to dissipate the energy stored in the production System after a shutdown, and

hed by using the data provided with the surface-drive te€Ghnical specifications in an analyf
pbdel, such as the one described in Annex B.

rchaser shall select a drive system type (exclusive of prime mover type):
duction drive;

rive;

ic drive.

tional characteristics

eral

rchaser shall\provide the operating speed and input power (torque), and axial load.

Characteristics are typically determined based on application parameters. These parameters

rt of
d/or
br to
and
able
tion

tem
bm's
y of
may
tical

may

include but
a)
b)

c)

tubular

are not limited to

anticipated flow rate, tubing head pressure at surface of produced fluid and pump intake pressure;
produced fluid composition (constituents, viscosity, specific gravity, temperature, et al.);
anticipated PCP model to be used;

PCP setting depth;

sizes/weights/materials;

drive string diameter, type and material.

© I1SO 2006 — All rights reserved
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Environmental compatibility

User/purchaser shall specify the environmental compatibility requirements. The following are typical topics for
consideration:

a)

ambient temperature;
surface-drive start-up temperature;

high ultraviolet exposure;

5.5

The

high relative humidity (high dew point);

dusty or sandy environment;

areas with unique environmental or safety concerns;
areas with salt spray;

noise considerations;

hazardous location classification.

Compatibility with related well equipment

reqlirements, and external dimensional limitations, needed to assure that the product shall con

inte

a)

5.6

hded application:

size, type, material, configuration and interface dimensions of the connection between the
other well equipment such as: stuffing box, polished rod, wellhead, et al,;

size, type and configuration of other products passing through or over the product such as p|
sucker rods (see Annex H), et al,;

size, type and configuration ef other products used with or in conjunction with this product;

proximity of unrelated’equipment that can impact the delivery, installation, operation, servicing
of the product;

wellhead-anglé.from the vertical;

prime mqQver interface requirements.

Design validation and product functional testing

user/purchaser shall specify, where applicable, _the interface connection designs amd material

form to the

product and

plished rod,

or removal

Design validation and product functional requirements are provided for these products; the user/purchaser is
not required to select a grade for these requirements.

5.7

Quality control documentation

Two quality control documentation grades are stipulated in 7.4. The user/purchaser shall specify one of the
following quality control documentation grades. If no quality control documentation grade is specified, grade
Q2 shall be supplied.

Q1: enhanced quality control documentation requirements, which include the requirements of Q2;

Q2: standard quality control documentation requirements.

© I1SO 2006 — All rights reserved
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6 Technical specification

6.1 General requirements

The supplier/manufacturer shall prepare the technical specification that responds to the requirements defined
in the functional specification.

6.2 Technical characteristics

The following data are included, as applicable, with units of measure:

a) surfacg-drive system type;

b) speed fange;

Cc) maximpm operating torque;

d) axial lopd capacity;

e) sheavd size range;

f)  main shaft dimensions;

g) polished rod size capability;

h) wellhead/drive connection type;

i)  main shaft type (hollow vs. solid);

i) physical dimensions and weight;

k) prime mover type and interface requirements;
I)  gear reduction ratio;

m) operatihg temperature range;

n) responpes to special requirements requested by the user/purchaser as specified in Clause 5;

0) system body maximum pressure, where applicable.

6.3 Desipgn criteria

6.3.1 Mategrials

The supplier/manufacturer shall state that the defined materials have performance characteristics that are
suitable for all parameters specified in the functional specification. This applies to metallic and non-metallic
components. The supplier/manufacturer shall have documented specifications for all materials used in the
manufacture of the product.

6.3.2 Performance ratings

6.3.2.1 General

The supplier/manufacturer shall establish the performance ratings of the surface drivehead, in the product’s
operating manual as applicable for the surface-drive system based upon objective evidence and evaluation.
These include, as a minimum, the performance ratings listed below.

8 © I1SO 2006 — All rights reserved
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6.3.2.2 Brake system characteristics

6.3.2.2.1 General

The following parameters shall be supplied to the user/purchaser to aid in the evaluation of the suitability of
the surface-drive system for the specific application.

6.3.2.2.2 Backspin-resisting torque

Mathematical expression, typically expressed in newton metres (foot-pounds), or graphical representation of
the bau'r\apill-lcaictilly toretre; which—is—stated—as—a—function—of bdblr\bp;ll opccd and—strface=dyive system

temperature.

6.3..2.3 Heat-dissipation rate

Mathematical expression or graphical representation of the heat dissipation rate, which is typically expressed
in uhits of watts per degree Celsius (horsepower per degree Fahrenheit).

6.3.2.24 Heat capacity

Numeric value of the heat capacity, which is typically expressed in units_of joules per degree Celsilis (BTU per
degree Fahrenheit).

6.3.2.2.5 Brake-engagement speed

Numeric value of the brake system engagement speed, which is typically expressed in units of revplutions per
minpte.

6.3.2.3 Moment of inertia

Numeric value of the moment of inertia, which is typically expressed in terms of square kilograms metre-
square (pounds foot-square).

6.3.2.4 Thrust-bearing rating

Numeric value of the thrust-bearing rating, which is typically expressed in terms of kilonewtons (pounds) for a
spetified set of conditionst

6.3.2.5 Input-power rating

Numeric value-of the input-power rating, which is typically expressed in units of kilowatt.

6.3.2.6 ¢« \Maximum operating torque

Nurfrericvatueof themmaximunroperatingtorque;,-whithistypicatty expressed-imunits of rewtorrmetre (foot-

pounds).

6.3.2.7 Operating temperature range

Numeric value of the operating temperature range, which is typically expressed in units of degrees Celsius
(degrees Fahrenheit).

6.3.2.8 Operating speed range

Numeric value of the operating speed range, which is typically expressed in units of revolutions per minute.

© I1SO 2006 — All rights reserved 9
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6.3.3 Environmental related issues

The supplier/manufacturer shall ensure that the supplied product is compatible with the environmental
requirements defined by the user/purchaser in accordance with 5.4. Implementation of these requirements
shall allow the surface-drive system to meet or exceed the requirements of this part of ISO 15136.

6.4 Design verification

Design verification shall be performed by the supplier/manufacturer to verify that the product design meets the
suppher/manufacturers technlcal speC|f|cat|ons DeS|gn verlflcat|on mcludes documented act|V|t|es such as
design reviews orical
records of isted
in 6.3.2. Empirical methods and/or phy5|cal testing used in design verification shall be fully documented [and

Validation and
6.6.2. The pupplier/manufacturer shall document the functional test procedures (s€e)6.6) and results of| the
product tegting and shall have on file material certifications and drawings that’ show all the applichable
dimensions| materials and tolerances of parts contained in the tested product.\f a particular size, type [and
model fails |a validation test, that basic design and materials of construction,shall not be submitted for rgtest
until the mpanufacturer has determined and documented the correctivé measures. Pre-test and postitest
dimensiona] verification of functionally critical dimensions as defined by{the manufacturer shall be within the
establishedcriteria.

6.6 Product functional test

6.6.1 Testing requirements

Each surfage-drive system produced in accordance with this part of ISO 15136 shall be functionally tested

6.6.2 Funictional test

—

Functional fests shall verify that the product meets the supplier/manufacturer’s technical specifications and the
user/purchgsers functional specifications. Functional tests shall include detailed evaluations of general drive
head opergtions, speed versus backspin resisting torque and brake system engagement. Each facet off the
design shal| perform within the manufacturer's stated design capabilities during these evaluations. In the ¢ase
of a test honconformance/the manufacturer shall be responsible for determining the cause of|the
nonconformance.

The surfacg-drive systems produced in accordance with this part of ISO 15136 supplier/manufacturer shall be
documented as havihg passed the acceptance criteria defined by functional test procedures and results of the
supplier/mgnufactdrer product testing and shall have on file material certifications and drawings, which show
all the apllcable dlmenS|ons materlals and toIerances of parts contalned in the tested product The

have documented procedures

6.6.3 General

Product functional testing shall be performed on each product to ensure that it meets the
supplier/manufacturer’s technical specifications and the user/purchaser's functional specifications. These tests
shall include detailed evaluations of: general drive head operations, speed versus backspin resisting torque
and brake system engagement. Each facet of the design shall perform within the manufacturers stated design
capabilities during these evaluations. In the case of a test nonconformance, the manufacturer shall be
responsible for determining the cause of the nonconformance.
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6.7 Additional testing

Some applications may require additional testing to be agreed upon between the user/purchaser and
supplier/manufacturer.

6.8 Allowable design changes

All design changes shall be documented and reviewed by the supplier/manufacturer against the original
design verification and product validation to determine if the change is a substantive change. A substantive
design change is a change to the design identified by the supplier/manufacturer that affects the performance
of the—predust—A—desigh—that—undergees—a—substantive—change—becermes—a—rew—desigh—reguiring design
verification as specified in 6.4 and design validation as specified in 6.5. Justifications for design;ehanges that
are |identified as non-substantive shall be documented. The supplier/manufacturer shall;™as @ minimum,

consider the following in evaluating each design change:

a) |stress levels of the modified or changed components;
b) |material changes;

c¢) |functional changes.

6.9| Design scaling

Scaling is not applicable to this product.

7 |[Supplier requirements

7.11 General

Thel| supplier/manufacturer shall meet the/following requirements in designing, manufacturing,|evaluating,
testlng and delivering surface-drive systems that are covered by this part of ISO 15136. Clause 7 ¢ontains the
detgiled requirements to verify that each product manufactured meets the requirements of the functional and
technical specifications for that specific product. As a minimum, each of the following topi¢s shall be
addressed.

7.2 Documentation and'data control

7.21 General

Thel| supplier/manufacturer shall establish and maintain documented procedures to control all doclments and
datq that relate’to the requirements of this part of ISO 15136. These documents and data shall be| maintained
to demonstrate conformance to specified requirements. All documents and data shall be legible gnd shall be
sorted-and retained in such a way that they are retrievable in facilities that provide a suitable enyironment to
prevent’'damage or deterioration and to prevent loss

Documents and data may be in any type of media, such as hard copy or electronic media. All documents and
data shall be available and auditable by the user/purchaser. All design verification, product validation,
traceability, manufacturing and quality documents and data shall be maintained by the supplier/manufacturer
for five years after date of last manufacture of that product. This information shall include, as a minimum, the
following:

a) engineering drawings;

b) engineering specifications;

c) material specifications;
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d) product assembly and disassembly instructions;

e) design

verifications;

f)  product validations;

g) operati

ng manuals.

7.2.2 Operating manual requirements

An operating manual shall be available to the user/purchaser for all products supplied in accordance with this

part of ISO

a) manua

b) bill of materials;
c) technidal specifications as listed in Clause 6;

d) representative illustration(s) identifying major components, significant dimensionsand configurations;

e) pre-ins

f)  operati
accept

g) lubrica

h) mainte

i) name and address of supplier/manufacturer;

i) suppligr/manufacturer product identification (including product number, type);

k) overall

I) handling and storage guidelines;

m) installation guidelines (see Annex C);

n) details

0) performance ratings as specified in 6.3.2.

7.2.3 Deli

Product do

asa minime:

15136. The operating manual shall contain at least the following information:

reference number;

fallation inspection and pre-service procedures;

hg instructions (see Annex D) including precautions as applicable for safe and environmen|
hble operation;

nt selection guidelines;

hance requirements and procedures (including sparg parts where applicable);

dimensions and weight;

of the interface connecCtions such as: thread type, size and weight;

ivery documentation

cumentation supplied at delivery of each surface-drive system to the user/purchaser shall inc

tally

ude

a) name and address of supplier/manufacturer;

b) supplier/manufacturer product identification (including product number, type);

c) quality-control documentation grade and information as applicable;

d) overall

dimensions and weight;

e) technical/operating manual identification;

f)  produc

g) produc

12

t technical specifications;

t validation information.
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Product identification

Each product furnished in accordance with this part of ISO 15136 shall be permanently identified according to
the supplier/manufacturer’s specifications. The supplier/manufacturer’s specifications shall define the type,
method of application and location of the identifications. The following information is the minimum that shall be
marked on each product:

a)

b)

supplier/manufacturer's identification;

date (month and year) of final acceptance by the supplier/manufacturer;

7.4

7.4.
Thig

seld
unc

7.4.
Q2

doc
prog

the
sup

7.4.
7.4.

Raw

a)

supplier/manufacturer's part/model number and serial number;
thrust bearing rating;

maximum operating torque;

maximum input power;

operating speed range.
Quality control documentation

1 General
part of ISO 15136 provides for two grades of quality, control documentation (objective evid

cted by the user/purchaser. The product hardware quality and manufacturing operati
hanged with the selection of Q1 or Q2.

P Quality control documentation grades
s the standard level of quality control documentation conforming to the requirements of 7.2. QU
uct specific records: material certifications, inspection reports, additional processes documsg

operating manual. The_sdocumentation requirements for Q1 shall be maintaing
plier/manufacturer as specified in 7.2.1.

3 Raw materials
3.1 Material\certifications

materiallused in the manufacture of components shall be traceable to one of the following:

certificate of conformance stating that the raw material meets the supplier/manufacturer's g
specifications;

ence) to be
bNs remain

ality control

imentation grade Q1 provides the user/purchaser the delivery documentation for Q2 plus the following

ntation and
d by the

ocumented

b)

material test report that verifies that the raw material meets the material supplier's documented

specifications, which have been approved by the supplier/manufacturer.

7.4.3.2 Mechanical and physical properties

7.4.3.21 Metallic materials

Mechanical property test procedures and practices shall be in accordance with ASTM A370 or an equivalent
national or international standard for metallic materials. Manufacturer shall have documented criteria for
testing acceptance.
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7.4.3.2.2

Elastomers and non-metallic materials

Mechanical property test procedures and inspection requirements for elastomeric and non-metallic materials
shall be in accordance with Annex A.

7.4.3.2.3

Inspection requirements, metallic materials

Inspection requirements for metallic materials shall be conducted as detailed in the supplier/manufacturer’s
written specifications, which include acceptance criteria.

7.4.4 Additionalprocesses-applied-to-components

7.441

Certification
following re

a)
docum

materid
supplig

b)

7442 (

Coatings ar

which inclugle acceptance criteria.

Material certifications

certificate of conformance stating that the materials and processes meet the_supplier/manufactu

s of processes applied to components, e.g. heat treatment, welding, coatings, et al;,.shall mee
uirements:
bnted specifications and acceptance criteria;

| test report so that the manufacturer can verify that the materials and processes meet
r/manufacturer’'s documented specifications and acceptance critéria.

foatings and overlays

d overlays shall be controlled by the supplier/manufagturer’s documented processing instructi

the

er's

the

bns,

7.44.3 Welding and brazing

Welding and brazing procedures and personnelqualification shall be in accordance with a nationgl or
internationgl standard such as the following:

— ASME Boiler and Pressure Vessel Code Section IX;

— Amerigan Welding Society D1.1/D1-1M Structural Welding Code — Steel;

— ANSI/AWS B2.1 Standard for,Welding Procedure and Performance Qualification.

Supplier/manufacturer shafl have documented criteria for acceptance.

7.4.4.4 Heat treating requirements

Heat treating of\production parts shall be performed with heat treating equipment that has been instrumernjted,
calibrated gnd) surveyed in accordance with an applicable national or international standard sucH as
SAE AMSHG875:1998, Section 5 or BS ZM 54.

7.4.5 Job-lot traceability

All components, weldments, subassemblies and assemblies shall be traceable to a job lot. Components and
weldments shall also have their included heat(s) or batch lot(s) identified. All components and weldments in a
multi-heat or multi-batch lot shall be rejected if any heat or batch does not comply with the specified
requirements.
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7.4.6 Calibration systems

Measuring equipment shall be selected and verified as having the capability to meet the required
measurement type and ranges for the applicable use. Calibration of measuring equipment used for final
acceptance shall be identified, controlled, calibrated, and adjusted in accordance with a national or
international standard for the required measurement ranges and accuracies.

Calibration intervals shall be established based on repeatability and degree of usage. Calibration intervals
shall be a maximum of three months until recorded calibration history can be established. Intervals may be
lengthened or shortened based on calibration history. Calibration intervals shall then be established based on
repeatability, degree of usage and documented calibration history. The calibration interval cannot be
increased by more than twice the previous interval. Calibration of measuring equipment used for final
acceptance shall be identified, controlled and adjusted in accordance with a national or international standard

that]is no less stringent than the requirements included herein.

7.4/ Non-destructive examination requirements

7471 General

When specified by the supplier/manufacturer or user/purchaser, non-destructive examinations (NIPE) shall be
performed and accepted according to the supplier/manufacturer’'s documiented specifications that ghall include
the | requirements defined in 7.4.7. When the supplier/manufacturer’s specifications allow [sample lot

exa
abs

Non
con
sha

app

NOT

All

minations, they shall be on a minimum sample lot that is 5% of the job lot with one pro
blute minimum.

-destructive examination instructions shall be detailed\in manufacturer's documented proc
ply with the requirements of this part of ISO 15136-\NDE acceptance criteria and individual
| be documented and approved by authorized personnel. All NDE instructions shall be appr
icable manufacturer’s accepted 1ISO 9712 LevekHl examiner.

E For the purposes of this provision, ASNT)RP SNT-TC-1A is equivalent to ISO 9712.

velds and adjacent heat-affected zoanes of the sample lot shall be non-destructively examine

duct as the

edures and
test results
bved by the

H by one or

morje of the following methods: radiography, magnetic particle, ultrasonic, or liquid penetrant as designated in
the pupplier/manufacturer’s specifigations.

When the inspection produces~an unacceptable indication, one additional product from the job [lot shall be
insgected. If it also is found, unacceptable, then 100 % of the job lot shall be inspected to verify compliance.
Any] unacceptable indications shall be removed, and if repaired, shall be re-examined using the griginal NDE
method and acceptance criteria.

747.2 Acceptance

Acckptancerof all materials/documents shall be permanently indicated either on the materials/docyments or in

recd

rdsdirectly traceable to them.

7.4.

7.3 Hardness testing of metallic components

Hardness testing and hardness conversion to other measurement units shall be in accordance with ISO 6506-1,
ISO 6507-1, ISO 6508-1, ASTM E140 or equivalent national or international standards, with the exceptions
noted in ISO 15156 (all parts) for materials that are intended for use in wells where corrosive agents can be
expected to cause stress corrosion cracking. Manufacturer shall have documented criteria for hardness
testing acceptance.

NOTE For the purposes of this provision ASTM E10 is equivalent to ISO 6506-1, ASTM E18 is equivalent to
ISO 6508-1, ASTM E92 is equivalent to 1SO 6507-1 and NACE MR 0175/ISO 15156 (all parts) is equivalent to
ISO 15156 (all parts).
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7.4.7.4 Radiographic inspection

Radiographic inspections shall meet the requirements of a national or international standard such as
ASTM E94. Acceptance criteria shall be in accordance with a national or international standard such as
ASME Boiler and Pressure Vessel Code, Section VI, Division I, UW-5I. Manufacturer shall have documented
criteria for radiographic inspection acceptance.

7.4.7.5 Ultrasonic inspection

Ultrasonic inspections shall meet the requirements of a national or international standard such as

ASME Boiler_and Pressure Vessel Caode Section V. (Nondestriictive Fxamination) Arficle 5 Acceptance
criteria sha|l be in accordance with a national or international standard such as ASME Boiler and Préssure
Code, Clayse VIII, Division 1, Appendix 12. Manufacturer shall have documented criteria for wltraspnic
inspection gcceptance.

7.4.7.6 Nagnetic particle inspection

Magnetic particle inspections shall be in accordance with a national or international” standard such as
ASTM E709. Manufacturer shall have documented criteria for magnetic particle inspéction acceptance.

7.4.7.7 LUiquid penetrant inspection

Liquid pengtrant inspections shall be in accordance with a national\or international standard such as
ASTM E16%. Manufacturer shall have documented criteria for liquid penétrant inspection acceptance.

7.4.7.8 Surface defect inspection

Before assgmbly, the supplier/manufacturer shall visually inspect all accessible surfaces for defects to engure
that the tefhnical specification is met. Manufacturer shall have documented criteria for surface dgfect
inspection gcceptance.

7.4.7.9 PRersonnel qualifications

Personnel performing and accepting NDE shall be qualified in accordance with a national or internatipnal
standard sych as ISO 9712, Level Il asia*minimum for evaluation and interpretation. Personnel perforrming
visual exanjinations shall have an annual eye examination in accordance with ISO 9712, as applicable tq the
discipline td be performed.

NOTE For the purposes of this.provision, ASNT RP SNT-TC-1A is equivalent to ISO 9712.

7.4.8 Component dimensional inspection

All compongnts shalkbe dimensionally inspected to assure compliance with design criteria and specificatipns.
Inspection ghall be performed during or after the manufacture of the components but prior to assembly. [This
inspection ghall, be documented.

7.4.9 Manufacturing nonconformance

The supplier/manufacturer shall establish and maintain documented procedures to ensure that an assembly or
component that does not conform to specified requirements is prevented from unintended use or installation.
This control shall provide for the identification, documentation, evaluation, segregation and disposition of
nonconforming components or assemblies.

Responsibility for review and authority for disposition of nonconforming assemblies or components shall be
defined by the supplier/manufacturer.
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7.5

7.5.1

Des

ISO 15136-2:2006(E)

Design verification

General

ign verification shall be performed in accordance with Clause 6.

7.5.2 Design validation testing

Design testing shall be performed using calibrated test equipment and shall address all the reported product

performance ratings (see 6.3.2) and the results shall be recorded, dated, and signed by qualified personnel

perf

N

7.6

Pro
acc
the
sup
not

8

Rep
stat
doc

required prior to the shipment of each repaired product.

Ead
cen
doc

9

Sur
mar
The
con
ider

10

imented procedures. Suggested test procedures for determining braking system chardc
ented in informative Annex G.

Product functional testing

juct functional testing shall be performed by the supplier/manufacturer on each product man
pbrdance with this part of ISO 15136. Product functional test results shall be.recorded, dated, an
personnel performing the test. The testing details and acceptance’ criteria are defir
plier/manufacturer’s documented procedures. Product functional testing-shall include, at a mini
imited to, the items listed in 6.6.

Repair

air activities to surface-drive systems shall return. thie’ product to a condition meeting the re
bd in this part of ISO 15136 or the edition in effect at'the time of its original manufacture. A sug
imented product validation test in accordance with the requirements of this part of 1ISO 151

re, date of repair and traceable .t€st’ records. Manufacturer shall have a documented
imenting and tracking such repair(details.

Preparation for shipment

ufacturer of the product to prevent typically induced loads and contamination from harming the
se specifications sshall address the protection of exposed threaded connections and access
amination by fluids and debris. All components provided for protection during transit shall be
tified as_such and removed prior to the product’s use.

ufacturer

Lifactured in
d signed by
ed by the
mum, but is

quirements
cessful and
36 shall be

h repaired product shall be permanently-identified as such. This identification shall include the repair

brocess for

ace-drive systems, (shall be packaged for transit in accordance with the written specificafions of the

equipment.
port(s) from
prominently

Product application changes

Surface-drive systems are designed for specific applications; their transfer to new applications requires a
detailed evaluation by the user/purchaser to ensure that the system will operate properly in all aspects of that
new application. The process used for that evaluation shall be no less stringent or documented and approved
than that required for the initial application.
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Annex A
(normative)

Requirements for elastomers and non-metallic materials

A.1 General

All elastomlars and non-metallic materials shall be inspected according to the requirements of this annéx.

A.2 Elastomeric and non-metallic materials
Each component material shall comply with the supplier/manufacturer's written,  specifications. [The
supplier/mgnufacturer providing equipment to this specification shall be responsible, for the following. [The
supplier/mgnufacturer shall have written procedures and documentation of testCresults, for testing segling
materials tq the limits for which the equipment is rated. The supplier/manufacturer’s written specifications for
non-metalli¢ compounds shall define those characteristics critical to the performance of the material such as
the following:
a) compopnd type;
b) mechapical properties, as a minimum:

1) tensile strength (at break);

2) elgngation (at break);

3) tensile modulus (at 50 % or 100 %, as-applicable);
C) comprgssion set;
d) durometer hardness or internationalhardness;

e) chemidal resistance to productexposure;

f) allowalle temperature{range.

A.3 Tolerances

The tolerances of O-rings shall be in compliance with 1SO 3601-1. Other seal elements shall meet
dimensional Tolerances of the manufaciurer's written specifications. Sampling procedures for inspection, and
the basis for acceptance or rejection of a batch lot, shall be in accordance with MIL STD 105E, General
Inspection Level Il at a 2,5 AQL for O-rings and at a 1,5 AQL for other seal elements, 1SO 2859-1 or
ISO 2859-2.

NOTE For the purposes of this provision, SAE AS568 is equivalent to ISO 3601-1.

A.4 Hardness

The durometer or international hardness of elastomeric materials shall be measured in accordance with
ASTM D1415 or ASTM D2240. The preferred method is to conduct the hardness test on a test specimen from
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each batch and cure cycle rather than testing individual seals. In the event such tests are conducted on
individual seals, sampling procedures for inspection and the basis for acceptance or rejection of a batch lot

shal

| be in accordance with those cited above for O-rings or other seal elements, respectively.

A.5 Visual inspection

O-rings shall be visually inspected in accordance with ISO 3601-3. Other seal elements shall be visually
inspected according to the manufacturer's written inspection procedures and includes such items as lip

damage, flashing, breaks, cracks, or other visible damage. Sampling procedures for inspection and the basis
for acceptance or rpjpnfinn of a batch lot shall be in accaordance with a documented material acceptance plan,

whi

th shall define the applicable AQL levels as they relate to the frequency of rejected components

A.§ Handling and storage

Marny of the elastomeric and nonelastomeric materials require special handling and storage procs
manufacturer's written specifications shall include handling and storage requiréments, includin
applopriate for each specific compound and seal design.

A.7 Other non-metallic materials

Norl-metals other than elastomers shall comply with the manufacturer's written specifications,
inclblde material compound requirements, mechanical properties, inspections, tolerances, handli
and|traceability.

A.§ Traceability

Trageability requirements shall be documented by the manufacturer and shall be sufficient to

veri
spe

A.9

Sea

y that all individual parts are manufactured from materials that satisfy the manufactur
Cifications. Traceability of piece patts is required only until parts are used in subassemblies or g

Dimensional inspection

| elements shall be.dimensionally inspected according to the manufacturer's written inspection

inclliding all relevant @spects of the design as per the design drawing. Sampling procedures for ins

the
acc

basis for acceptance or rejection of a batch lot shall be in accordance with a document
bptance plan, - which shall define the applicable AQL levels (where allowed) as they relate to th

of re¢jected camponents.

D.

edures. The
g shelf life

which shall
g, storage,

ensure and
er's written
ssemblies.

procedures,
pection and
ed material
e frequency
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Annex B
(informative)

Brake system evaluation method

B.1 General

This annex
specific apy
the increas
terms of a
methods fo
basic engin
models can

Many factg
production
system. Th
determine t
completed
compliance

Progressing
normal ope
the fluid pot
the surface]
system to s

limit b3
rotation

minimi3

the su
atmosy

B.2 Thed

limit th¢ duration of backspin to minimize the impact on well operation;

provides one method for evaluating brake system performance of a surface-drive system
lication. The brake system performance is evaluated based on the backspin speed and-dura
b in surface-drive temperature and the residual stored energy. The application shall'be "‘define
specific well configuration, brake system performance and well operating conditions. O
- performing brake system evaluations may be applied. The method presented,here describesg
eering approaches that should be considered in evaluating these systems<{fhe output of th
contribute to evaluating whether the brake system is appropriate for a particular application.

rs influence the amount of energy stored and the rate at which, it\ean be released from
system during backspin. This rate of energy release determines the requirements for the b
erefore, it is necessary to use a comprehensive numerical model of the backspin proces
he brake system requirements for each application of a surface-drive system. This analysis ca

with 6.3.2.

cavity-pump surface-drive systems store a significant amount of energy in the system dy
ration. When a well is shut down for any reason, the torsional energy stored in the drive string
ential energy in the production tubing can be réleased, turning the drive string and moving par|

-drive system in the reverse direction. Usually, a brake system is installed in the surface-g
bfely dissipate the energy stored in the production system. Where included, the brake system shg

ckspin speed so that no component.of the surface-drive or production system exceeds the r
al speed of that component duringbackspin;

re the energy stored,in.the surface-drive and production system at the completion of backspin;

face-drive or production system to a temperature in excess of that allowable for explo
heres as prescribed in a national or international standard, such as ISO 6184 or EN 13463.

retical modelling of the backspin process

in a
ion,
d in
ther
the
ese

the
fake
5 to
h be

by the user/purchaser or by the supplier/manufacturer<based on information provided in

ring
and
Is in
rive
Il:

hted

dissipate or absorb the~energy released from the production system without heating any component of

sive

B.2.1 General

Backspin can occur in two different scenarios: the seized-pump case and the normal-shutdown case. The
theoretical models for these two cases are presented in B.2.2 and B.2.3. Definition of symbols used in the

equations ¢

an be found in Table B.7.

B.2.2 Seized-pump case

In this case, the fluid in the production tubing cannot flow back into the well annulus/reservoir through the
pump because the pump is seized. The only energy released is the torsional energy stored in the drive string.

20
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The physical system for the seized pump case can be represented by a disc-spring system as shown in

Figure B.1.

TBSR

N : Vo
1/, Tds
r‘} Tf
1 —»
Key|
1 PBpring
Figure B.1 — Seized pump

The| only backspin loading torque in the seized pump case is the torque“stored in the drive strin

torq
prod
givg

The)

secfion drive strings, the polar moment, J, is given by ‘Equation (B.2):

At s

Dur
of 1
Equ

ue is resisted during backspin by the resisting torque generated by the brake, rggg, and fr
uction system, 7. The net torque, 7,0, available to accelerate the power train can be ej
n in Equation (B.1):

Tacctop = %ds “'BSR ~’f

number of elastic twists in the drive string is a function of torque in the drive string. For solid ci

T 4
J=—D
32 ds

é,

hut down, the number of twists, 6,

hutdown: iN the drive string is expressed as given in Equation

T
0 _ shutdownL
shutdown GJ ds
ng backspin, theseturns are released causing the torque in the drive string to decline. For a gi
urns, Htop’ of «the” drive string during backspin, the remaining torque, 7y, is defined 4
ation (B.4):

GJ
Tds Z(gshutdown - etop)
s

g, 7g4g- This
ction in the
pressed as

(B.1)

rcular cross

Th

backspiTresistngtorque generated by the brake SystenT, 7ggR, 1S & furction of thebackspin

in some cases, the drive temperature, as given in Equation (B.5):

’BSR = f(gtop’Tdrv)

(B.2)
B.3):

(B.3)
ven number
s given in

(B.4)
speed and,

(B.5)

The brake system performance is defined in the surface drive performance information provided by the
supplier/manufacturer in compliance with 6.3.2. The backspin resisting torque, 7zgg, is specifically provided
under 6.3.2.2.2. Friction in the production system, z, also resists backspin. This includes friction in the thrust
bearing, stuffing box and between the rod/tubing.
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The acceleration of the drive, sheaves, motor and half of the drive string is expressed as given in
Equation (B.6):

étop = Tacctop /Itop (B.6)

The total moment of inertia, /,,,, includes several different components of the power train that can be rotating
at different speeds during backspin. The moment of inertia, 7;, of each component shall be referenced to the
polished-rod speed in terms of the speed ratio, N, as given in Equation (B.7):

Lop =11+ N3Ip+ N3N3I3 +... (B.7)
where
I is the moment of inertia of equipment rotating at the polished rod speed;
I is the moment of inertia of equipment rotating at a speed N, times the speed.of’component f, _4;

N =—9L is the flux.
i1

B.2.3 Nommal shutdown case
The physical system for the normal shutdown case can be representéd\by a two-disc-spring system as shpwn

in Figure B.R.

TBSR

A
[N \ J/
v TdS
2

top

N

Tds 7‘/4
T\
NN\
A
Tof
Key
1 spring

Figure B.2 — Normal shutdown case

During the normal shut down case, the hydraulic torque (caused by the differential pressure across the pump)
acts with the drive string torque to accelerate the power train and drive string. The fluid in the production
tubing flows through the pump and into the well annulus. It is assumed that the fluid flows from the well
annulus into the reservoir and that the fluid level in the annulus does not change from the operating fluid level
immediately prior to shutdown. The dynamic equations for the second stage of backspin are as given in
Equations (B.8) and (B.9):

Tacctop = Tds ~TBSR ~7F (B.8)

Taccbot = Thyd — ds ~ Tpf (B.9)
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Since the pump rotor turns, the torque, 7y, in the drive string becomes a function of the number of turns of the
top of the drive string, 6;, and the rotor, 6,, as given in Equation (B.10):

_GJ

Tds = ?[Qshutdown - (gtop ~ Opot )] (B.10)
s

The hydraulic torque, 7,4, depends on the pump geometry (as provided by the pump supplier/manufacturer)
and is a function of the differential pressure across the pump expressed by the net fluid level above the pump
Lgig- @s given in Equation (B.11):

£

rhya— o) (B.11)

Friction, Tofs in the pump also resists turning of the rotor in the stator.

Thelacceleration of the rotor and half of the drive string is expressed as given in Equation (B.12):

ébot = Taccbot / Tbot (B.12)

Thel acceleration of the drive, sheaves, motor and half of the drive string is €xpressed as in Equatign (B.6).

B.3 Initial conditions

Thel conditions at the start of backspin are as given in the Equations (B.13):

t=0
Tds = Tshutdown (B.13)
etop = Opot = 0 '
etop = Opot = 0
B.4 Braking system performance
B.41 Backspin resisting torque
shown in
rature. The
escribed in
tial energy.

This energy is absorbed by the surface-drive causing the drive temperature to rise. When the surface-drive
temperature exceeds the ambient temperature, heat is dissipated to the surroundings. The drive temperature
at any time is directly related to how much energy the drive can absorb (heat capacity) and how fast heat can
be dissipated to the surroundings (heat dissipation rate).

The surface-drive heat capacity and heat dissipation rate shall also be determined by the test methods
described in Annex G.

© IS0 2006 — Al rights reserved 23


https://standardsiso.com/api/?name=4715188faf391e1ab15711a6ddd1720f

ISO 15136-2:2006(E)

B.5 Input parameters

B.5.1 General

Inputs to the calculations to characterize the surface drive application can be categorized as relating to either
the surface-drive system or the application.

B.5.2 Surface-drive system

Surface-drive systems are categorized by the following criteria:

— momel
— backsp
— heat c3

— heat di

B.5.3 Apq

Surface-dri

— drive sfring and tubing size;

— drive s{ring material properties;

— wellge
—  pump s
—  pump d
— pump
—  pump &
— shutdo
— initial s
— ambier

— operati

t of inertia of surface rotating equipment including gears, sheaves and motor;
in resisting torque as a function of speed and temperature;

pacity;

Esipation rate.

lication

e systems applications include the definition of the following cfiteria:

pometry;

eating depth;

isplacement;

olumetric efficiency;

nd other production system component friction;
vn torque;

urface drive temperature;

t temperature;

ngfluid level;

— pumped fluid density and viscosity.
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The calculation steps required for estimating backspin speed and duration as a function of the energy stored
in the production system are as follows:

Start with the initial conditions as in Equations (B.13).

Calculate acceleration of the production system components using Equations (B.1) to (B.7)
(B.12).

Calculate backspin speed of the driven sheave and rotor a small time later [based o

or (B.8) to

n rotational

acceleration calculated in b)].

Calculate the backspin resisting torque using Equation (B.5).
Calculate the work performed by the brake.

Calculate the heat dissipation rate.

Calculate the new brake temperature (based on brake heat capacity).
Calculate the new turning angles (top and bottom of drive string).
Calculate the volume of fluid leaked through pump.

Calculate new fluid level in the production tubing.

Calculate new drive string torque using Equations (B.4) or (B.10) and hydraulic torque Equatio

Repeat process [starting at step b)] until backspin stops.

Model outputs
model output should include the following:
backspin speed as a function of time;
surface-drive/brake‘témperature as a function of time;
residual fluidtevels at the end of backspin.
ed on this.information, the following parameters are obtained:

maximum backspin speed;

h (B.11).

maximum surface drive temperature;
backspin duration;

residual fluid level in the production tubing.

These outputs can be used to evaluate the suitability of a surface-drive braking system for the intended
application by comparing the predicted maximum backspin speed and drive temperature against equipment
ratings.

The uncertainty associated with each input variable should be considered to determine the magnitude of the
effect of that uncertainty on the model outputs.
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B.8 Model verification

B.8.1 General

Any models developed for evaluating brake systems may be verified against the benchmark test cases
provided below. Each test case specifies the inputs describing the well configuration and operating conditions
and provides example outputs from a theoretical model based on the approach outlined in this annex. The

four scenarios cover a range of braking requirements that are typical of PC pumping applications.

B.8.2 Seized-pump examples

B.8.21 E

The data if Table B.1 describe the equipment configuration and operating conditions for a‘seized p

shutdown.

26

xample 1 — Seized-pump, low operating torque

Table B.1 — Model input data

imp

Application parameters Value
well geometry vertical
Dys 25,4 mm
G 75 GPa
Dyp N/A
Lys 914 m
Voump N/A
Eoump N/A
Tot N/A
% 13,6 N-m
Tshutdown 1088 N'm
Tarv 40 °C
Tamb 20°C
L N/A
Phuid N/A
Huid N/A
Tpot N/A
Surface drive parameters
Tiop 33,71 kg'm?
Carv 127 kJ/°C
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The torque generated by the surface-drive braking system is calculated for eight different rotational speeds
and five different initial temperatures as shown in Table B.2. The heat dissipation rate is also calculated for
three differential temperatures as shown in Table B.3.

Table B.2 — Surface-drive brake-resisting torque

Rod speed Break torque at rod
r/min N-m
Temperature

°C
0 25 50 75 1.0(
0 0 0 0 0 0
50 220 171 145 129 118
100 350 267 221 194 174
200 578 434 354 306 41(
300 782 584 475 407 362
400 974 724 586 502 444
600 1327 984 793 677 594
700 1496 1106 891 759 673
800 1664 1228 988 842 746

Table B.3 — Surface-drive heat dissipation rate

Differential temperature (A°C)

40

80

120

Heat dissipation rate (kW)

0,42

0,84

1,25
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As shown in Figure B.3, the model simulation predicts that the maximum surface-drive backspin speed is
439 r/min and the maximum drive brake torque is 686 N-m.

Y1 A A Y2
800 800
700 /.\ 700
600 7 N\ 600
00 / \ 500
[~ \
100 7 N 400
[/ \
300 H—7 N 300
/ / N \
P00 f ~ 200
i N\
00 / \\ 100
’ | | \g |
0 0—>
0 5 10 15 20 25
X
Key
X time from the start of backspin, expressed in seconds
Y1 bhackspin-resisting torque, expressed in newton metres
Y2 rgtating speed, expressed in revolutions per mindte

bhackspin-resisting torque
— —— rotating speed

Figure B.3 — Seized pump simulation results — Example 1
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B.8.2.2 Example 2 — Seized-pump, high-operating torque
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Input parameters are the same as example 1 except that the shutdown torque is increased to 1 627 N-m.

As shown in Figure B.4, the model simulation predicts that the maximum drive backspin speed is 703 r/min

and the maximum surface drive brake torque is 981 N-m.

Y1 A A Y2
1000 o~ 1 000
900 // \\ 900
800 / \ 800
700 VAN 700
[ 77 N\
600 / 7 N \ 600
500 A\ 500
[/ \ N\
400 I / \\ \ 400
300 HH \\ \ 300
200 |l X 200
/ U\
100 " AN 100
: | SN .
0 5 10 15 25
X
Key
X time from the start of backspin, expréssed in seconds
Y1 backspin-resisting torque, expressed in newton metres
Y2 rotating speed, expressed in revolutions per minute
—— backspin-resisting torque
— -1 — rotating speed
Eigure B.4 — Seized-pump simulation results — Example 2
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B.8.3 Normal shutdown example — Example 3 — Normal shutdown

The data in Table B.4 describe the equipment configuration and operating conditions for a normal shutdown.
Tables B.5 and B.6 show the brake torque characteristics and heat dissipation rate, respectively.

Table B.4 — Model input data

Application parameters Value
well geometry vertical
Dis 254Tmm
G 75 GPa
Dyup 76 mm
Lys 914 m
Voump 95 m3/day/100 r/min
Eoump 75 %
Tof 136 N'm
% 13,6 N'm
Tshutdown 1627 N‘in
Tgry 45°C
Tamb 85°C
Leid 914 m
Pruid 1 000 kg/m3
Haid 1cP
Tvot 1,66 kg-m?
Surface drive parameters
Tiop 33,71 kg:m?2
Carv 127 kJ/°C

30
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Table B.5 — Surface-drive brake-resisting torque

ISO 15136-2:2006(E)

Rod speed Break torque at rod
r/min N'm
Temperature

°C

0 25 50 75 100
0 0 0 0 0 0

50 220 171 145 129 118
100 350 267 221 194 175
200 578 434 354 306 410
300 782 584 475 407 362
400 974 724 586 502 445
600 1327 984 793 677 599
700 1496 1106 891 759 673
800 1 664 1228 988 842 746

Table B.6 — Surface-drive heat dissipation rate

Differential temperature (A °C) 40 80 120
Heat dissipation rate (kW) 0,42 0,84 1,25
NOTE The fluid level in the well annulus is assumed to remain constant throughout backspin.
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As shown in Figure B.5, the model simulation predicts that the maximum drive temperature is 105 °C and the
maximum backspin speed is 672 r/min.

Key

Y1
Y2

32

Y1 A A Y1
700 120
™~
600 |£ _|
100
500 |- \
\\ — 80
400 N
\ — 60
N
300 \\
— 40
200 N
~
100 | T— 120
0 | | | | I N AP
0 200 400 600 800 1000, 1 200
X

[ive speed

ne, expressed in seconds

rive backspin speed, expressed in revolutions per minute
[ive temperature, expressed in degrees Celsius

five temperature

Figure B.5 — Normal shutdown simulation results — Example 3
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Table B.7 — Table of symbols

Symbol Description Units
Carv surface-drive heat capacity kJ/°C
Dys drive string diameter mm
Dyyp production tubing inside diameter mm
G modulus of rigidity Pa
J polar moment of inertia of the drive string cross-section m*
liop fotal moment of inerfia of drive, sheaves, motor and half of the drive string g-m?
Tpot total moment of inertia of pump rotor and half of the drive string g-m2
I total moment of inertia of individual components of the power train that rotate during backspin g-m2
Layily net fluid level m
Lys length of drive string ||n
N; speed ratio between power train component (i) and component (i-1)

t Time b
Tamb ambient temperature C
T drive temperature C
Voufnp pump displacement fn3/day per
00 r/min
Tacdbot torque available to accelerate the pump rotor andhalf of the drive string N-m
Tacdiop torque available to accelerate the drive, sheaves, motor and half of the drive string N'm
8BSk backspin resisting torque generated by.the brake system N-m
Tds backspin loading torque acting on“the surface drive due to the elastic deformation of the | N-m
drive string
% torque required to overcome friction in the production system (not including pump friction) N-m
Thyq backspin loading torque produced by fluid flowing through PCP N-m
Tof torque required to-overcome friction in the pump N-m
Tshdtdown torque applied to the drive string immediately before shutdown N-m
Sourhp volumetrie_pump efficiency 0
(2 turningsangle of the surface drive from shutdown position ad
éto surface-drive backspin speed ad/s
bro acceleration of surface drive ad/s?
6pd turning angle of the rotor from the shutdown position ad
Opot TOtOT backspin speed ad/s
oot acceleration of rotor rad/s?
Oshutdown total turning angle (number of twists) of the drive string at shutdown rad
Phluid density of fluid in the production tubing kg/m3
Hluid viscosity of fluid in the production tubing cp
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Annex C
(informative)

Installation guidelines

C.1 General

The installgtion of a surface-drive system requires a detailed plan that includes appropriate saféety
operational|precautions that meet the requirements of all the related equipment and all applicable regulati
Install the surface-drive system and auxiliary equipment in accordance with the requirements provided by
supplier/mgnufacturer of the equipment.

The following issues are offered as a preliminary listing of major points to consider. Thislis not intended t
a comprehensive list as there are likely other topics of consideration and local requirements. However,
strongly suggested that the products and equipment installed use the practices.defined for the sp¢

equipment

nd application. The selection of an appropriate surface-drive system’ and auxiliary equipn

requires that the structural, power transmission and backspin-speed control capabilities be considered

evaluated t

C.2 Liftin

To avoid d
system. M3
Whenever

surface-driv
appropriate

C.3 Mou

Before mou
is required
including th
rod clamp

shock loadi

a) Lubrics

p ensure safe and durable operation of the system.

1g the surface-drive system

bmage to equipment or injury to personnel, care 'should be taken when lifting the surface-g
ny surface-drive systems are equipped with lifting points so that a balanced lift can be achie
bossible, it is advised that slings and shackles be attached to at least two lifting points.
e system can then be balanced, for lifting, by “choking” the sling (with a third shackle) at
location on the sling (approximately halfway up).

hting the seal unit

nting the seal unit onto the wellhead, it is necessary to establish how much polished rod exten
e seal unit assembly-and the polished rod clamp. Keep the amount of stick-up above the polig
0 a minimum (less“than 0,3 m). Excessive stick-up can cause serious whipping and ecce

ng during backspin.

te the polishied rod as per supplier/manufacturer’s guidelines before mounting the seal unit.

b) Use a

polished rod “bullet” as per supplier/manufacturer’s guidelines when running the polished

and
bNS.
the

b be
it is
cific
hent
and

rive
ved.
The

the

sion

above the flow tee. fo, do this, first determine the overall height of the surface-drive sys{em,

hed
htric

rod
and

througT the seal unit to prevent seal unit/rod thread damage. Slide the seal unit over the polished rod

" bl £l b H -l
connecrtotne owteeas required:

C.4 Drive belts and sheaves installation

When installing the sheaves on the surface-drive system, it is often more convenient to mount the taper lock
bushings on the backside of the sheaves. Also be sure to align the faces of the driver and driven sheaves.

Tension is set in the belts by increasing the distance between the centres of the driven and driver sheaves
until the belts are snug.
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Operate the surface-drive system a few minutes to seat the belts in the sheaves. Observe the surface-drive
system under its highest load condition (usually start-up). A slight bowing of the slack side of the belts typically
indicates proper tension. If the slack side remains tight during the peak load, the belts are too tight. Excessive
bowing or slippage indicates insufficient tension. The drive should be stopped and the belts tightened.

Check the belt tension frequently by observing the slack side of the belt span. After a few days of operation,
the belts will further seat themselves in the sheave and it can become necessary to retighten the tension so

that

the belts again show a slight bow on the slack side.

C.5 Polished rod clamp installation

Spli
of t
mai
The

C.6

Whd
bac
mo

flan

C.7

It is
well
prog
bac

polished rod clamps typically have a hollowed bottom portion that engages two machined-flat
e driven shaft. While tightening the polished rod clamp, an even gap between the two haly
ntained to ensure that the sides of the hollowed portion are not binding on the drive flats’of the
polished rod clamp cannot hold the polished rod securely if the drive flats are binding.

Support columns and support plate system installation
bn support columns are required, they serve two purposes: to prevent threaded wellhead 1
ing off during a backspin cycle and to help support the side-load created by an offset electric

er. Support columns generally extend down to a support plate)that is bolted to the surface ¢
je.

Flow line check valve

recommended that the user/purchaser install’a check valve in the flow line, just downstr

uction system is shut down. Uncontrolled:flow into the tubing and through the downhole pun
spin and causes undue hazard by potentially degrading the brake system performance.

5 on the top
es shall be
driven shaft.

ittings from
motor prime
asing head

eam of the

head, to ensure that fluid cannot flow back from a lease tank or flow line into the well whén the PCP

hp prolongs
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Annex D
(informative)

Operation guidelines

D.1 General

The selecti
power trang
durable opq
appropriate
applicable

requiremen

The followi

comprehen
minimum, W

D.2 Resi

bn of an appropriate surface-drive system and auxiliary equipment requires that the struct
mission and backspin-speed control capabilities be considered and evaluated to ensure safe
ration of the system. The operation of a surface-drive system requires a detailed plamthat inclu
safety and operational precautions that meet the requirements of all the related eguipment an
regulations. Operate the surface-drive system and auxiliary equipment in accordance with
s provided by the supplier/manufacturer of the equipment.

g issues are offered as a preliminary listing of points to consider. This_is not intended to K

Sive list as there are likely other topics of consideration and local requirements. This includes,
arnings describing the following hazards.

dual energy

backspin, the energy stored in the production system is not completely dissipated, it may

If, following
released wi

servicing pegrsonnel be provided with, and fully implement, the procedures for releasing this residual energ
a controlled and safe manner.

D.3 Surface drive overheating

Surface drive brake systems can overheat .due to high ambient temperatures or due to repeated re
attempts off a seized or tight pump. Brake or surface-drive temperatures in excess of the recommer]
operating temperature can degrade~brake performance and pose an explosion hazard if in contact
explosive das mixtures. It is strongly’ recommended that efforts be made to prevent system operatio

temperatur
supplier/m3

D.4 Low

Low ambie
recommendg

en the surface-drive system is disassembled. It isxstrongly recommended that operators and

s outside the temperatures specified by the surface d

nufacturer.

range of operational

temperature operation

ht temperatures can hamper surface-drive brake-system engagement and/or performance.
ed-that the operating manual for the specific surface-drive system should clearly indicate

iral,

and
des

d all

the

e a

AS a

be
well

yin

start
ded
with
n at
rive

It is
the

H b £ n) k. Loas ALl dd b L Ul b - - .
operating temperaturerange—forthe—surfacedrive—Aitefforts—shatt-be—used—toprevent—systenmoperatio

1 at

temperatures outside the operating temperature range specified by the surface drive supplier/manufacturer.

D.5 Manually adjustable brake systems

Manually adjustable brake systems permit the user/purchaser to adjust the brake to suit the current braking
requirements. A potential hazard exists in the case where the range of adjustment permits the user to “lock in”
energy by stopping the backspin process before the fluid potential energy is sufficiently released. This residual
energy can be released suddenly if the brake is readjusted or if the surface-drive system is disassembled.
Likewise, improper adjustment of the brake can result in backspin speeds in excess of the maximum operating
speed, thus creating a hazard. It is recommended that precautions be implemented to prevent improper
adjustment of these brake systems.
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D.6 Polished rod stick-up

During backspin, high centrifugal forces can cause the segment of the polished rod above the polished rod
clamp to bend, while the drive string continues to rotate, creating a significant safety hazard. It is
recommended that the polished rod stick-up not exceed the surface drive supplier/manufacturer’'s suggested
length (typically less than 0,3 m).

D.7 Changing operating conditions

D.8

Ch4
dus
isr
ope

D.9

Ch4
recq
that

D.1

Anyj
way

Changing environmental conditions

nges in well environmental conditions such as ambient temperature,~airflow, ultraviolet ligh
y or sandy conditions, salt spray or other related issues can impact surface-drive system per
pcommended that before installing and operating the surface-drive:system in a new envirg
rator confirm that the environmental conditions are within the spé€gifications for the surface-driv¢

Changing auxiliary equipment
nges in the auxiliary equipment can reduce thé operating range of the surface-drive s

mmended that any changes to auxiliary equipment other than those allowed by the guidelines
equipment’s operating manual be authorized by’an engineer competent in this scope of practig

0 Operational and safety concerns

additional operational or safety concerns not addressed above should be defined and detailg
to cover all operator and locakrequirements by the user/purchaser.

ad downhole

ons change,
Lirface-drive

t exposure,
ormance. It
nment, the
e system.

stem. It is
set forth by
e.

d in such a
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Annex E
(informative)

Equipment selection guidelines

E.1 General

The selecti
power trang

durable opgration of the system. The following issues are offered as a preliminary listing of major poin{

consider. T
the specifyi
by their sup

E.2 Surf

It is recomn
system tem
should also
torque and
energy stor
with the su
Annex B. A
not exceed
operating ¢

bn of an appropriate surface-drive system and auxiliary equipment requires that the struct
mission and backspin-speed control capabilities be considered and evaluated to ensure safe

his is not intended to be a comprehensive list as there are likely other topics of coensideration
hg authority. However, it is strongly suggested that the products and equipment selected be r
plier/manufacturer at or above the defined loading requirements of the specifi¢-application.

Ace-drive system

nended that the user/purchaser ensure that the expected axiakload, torque, speed, surface-g
perature and power during operation do not exceed the surface-drive ratings. The user/purch
ensure that the brake system is adequate for the intended application. The maximum oper3
the maximum dynamic fluid level are a function of the ability of the brake system to dissipate
bd in the production system after a shutdown, and may be determined by using the data prov
face-drive technical specifications in an analytical*backspin model, such as the one describeg
ternatively, no brake system can be required ift'is demonstrated that the backspin speed d
the maximum operating speed of the surface-drive system without a brake, under no
bnditions.

E.3 Tor

It is recommended that torque-limiting devices be installed with the surface-drive system to avoid excee
the maximym operating torque and/gr the input torque rating of the drive string. Similarly, it is recommern
that the maximum hydraulic pressuré on a hydraulically driven surface drive be controlled to prevent
maximum gperating torque from’bging exceeded.

E.4 Shegves

It is recommendedithat the smallest possible driven sheave diameter be selected as per belt and she
supplier/mgnufacturer specifications. With any speed reduction drive, the rotating speed of the driver shq
is always higher than the polished rod speed by a factor of the ratio of the drive. In most cases, sheaves

ue-limiting devices

iral,
and
s to

for
hted

rive
hser
ting
the
ded
d in
oes
mal

Hing
ded
the

ave
ave
are

cast iron and have a maximum rated rim speed of approximately 1 900 m/min (the maximum speed for most
sheaves is usually either cast or stamped onto the sheave).
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