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POLICY -

a)} API PUBLICATIONS NECESSARILY ADDRESS -
PROBLEMS OF A GENERAL NATURE. WITH

RESPECT TQ PARTICULAR CIRCUMSTANCES,

LOCAL, STATE AND FEDERAL LAWS A.ND REG- :

ULATIONS SHOULD BE REVIEWED,

b) API I8 NOT UNDERTAKING TO MEET DUTIES
OF EMPLOYERS, MANUFACTURERS OR SUP-
PLIERS TO WARN AND PROPERLY TRAIN AND
EQUIPF THEIR EMPLOYEES, AND OTHERS EX-
POSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING
THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS.

¢) NOTHING CONTAINED IN ANY API PUBLI_CA-. :

TION IS TO BE CONSTRUED AS GRANTING ANY
RIGHT, BY IMPLICATION OR OTHERWISE, FOR
THE MANUFACTURE, SALE, OR USE OF ANY
METHOD, APPARATUS, OR PRODUCT COVERED.
BY LETTERS PATENT. NEITHER SHOULD ANY-
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_ THING CONTAINED IN THE PUBLICATION BE - -

||| ‘CONSTRUED AS INSURING ANYONE AGAINST . -
LIABILITY FOR INFRINGEMENT OF LETTERS

- PATENT:

e d) GENERALLY APIY STANDARDS ARE RE--
- YVIEWED AND REVISED, REAFFIRMED; OR -
{ - WITHDRAWN AT LEAST EVERY FIVE YEARS.

SOMETIMES A ONE-TIME EXTENSION OF UP TO -
TWO YEARS WILL BE ADDED TO THIS REVIEW

CATION DATE AS AN OPERATIVE API STAND-

"'ARD OR, WHERE AN EXTENSION HAS BEEN

GRANTED, UPON REPUBLICATION. STATUS OF
THE PUBLICATION 'CAN BE ASCERTAINED

FROM THE API AUTHORING DEPARTMENT .
. (TEL. 214-748-3841). A CATALOG OF API PUB-
- LICATIONS AND MATERIALS IS PUBLISHED
- ANNUALLY AND UFPDATED. QUARTERLY BY
- APL, 1220 L 8T, NNW,, WASHINGTON, D.C. 20005. -

- CYCLE. THIS PUBLICATION WILL NO LONGER. -
BE IN EFFECT FIVE YEARS AFTER ITS PURBLI- -
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FOREWORD

a. American Petroleum Institute (API) Recommended
Practices are published te facilitate the broad avail-
ahility of proven, sound engineering and operating prac-
tices. These Recommended Practices are not intended to
obviate the need for applying sound judgment as to
when and where these Recommended Practices should
be utilized.

b. The formulation and publication of API Recom-
mended Practices is not intended to, in any way, inhibit
anyone from using any other practices,

c. Any Recommended Practice may be used by anyone
desiring to do so, and a diligent effort has been made by
API to assure the accuracy and reliability of the data
contained herein, However, the Institute makes no
representation, warranty, or guarantee in connection
with the publication of any Recommended Praectice and
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hereby expressly disclaims any liability or responsibil-
ity for loss or damage resulting from their use, for any
violation of any federal, state, or municipal regulation
with which an API recommendation may eonflict, or for
the infringement of any patent resulting from the use of
this publication.

d. CAUTION: Some thread compounds contain toxie
or hazardous materials. The Material Safety Data
Sheets for thread compounds should be read and
observed. Store and dispose of containers and unused
compound in accordance with federal, state, and local
regulations.

e. This standard shall become effective on the date
printed on the cover but may be used voluntarily from. the
date of distribution. ’
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SCOPE

a. This recommended practice is under the jurisdie-
tion of the API Committee on Standardlzatmn of Dril-
ling and Servicing Equipment,

b, This recommended practice provides recommenda-

tions for testing the frictional performance of thread .

compounds for rotary shouldered connections. For addi-

tional information regarding development of this recom-

mended practice, refer to IADC/SPE 288441, All manu-
facturers, users and others conducting roiary shouldered
connection thread compound tests in accordance with
this recommended practice are encouraged fo submit

suggested revisions to the Director of the Production .

Department, American Petroleum Institute, 1201 Main
Street, Suite 2635, Dallas, Texas 75202-3904,

¢. Paragraphs 4.1 and 4.2 include provisions whereby
a manufacturer may state on the compound label that
the manufacturer's compound conforms to API Recom-

mended Practice TAl. One of the conditions for this is
that the manufacturer shall retain the laboratory test -

resuits for review on request. APT does not evaluate or
validate such test reports. APl does not in any way
approve or make any representation or warranty with
regard to a particular compound, its test results, or
facilities used for such tests.

d. Conversions of U.S. customary values to Interna-

tional System (SI) metrie units are provided throughout
the text of this recommended practice in parenthesis,
e.g., 6 inch (162.4 mm). The factors to be used for con-
version of U.8. customary values to SI units were taken
from API Publication 2564, and are listed below: .

LENGTH: :
1 inch (in) = 264 millimeters (mm)
exactly
TORQUE:
1 foot-pound (ft-1b) = 1,3556818 newton-meters
(N-m)
STRESS:
1 pound per square inch = 0.006894757 Mega-pascal
(psi) {MPa)
YOLUME:
1 US gallon (gal) = 3.785412 liters (L)

TEMFPERATURE: The following formula was used to
convert degrees Fahrenheit (F) to degrees Celsius (C):
°C = (6/9) = (*F-82).

e. DEFINITIONS.

Friction Factor — the ratio of the frictional perform-

ance of a compound relative to a specific reference -

!E. L. Bailey and J. E. Smith: “Testing Thread Compounds for

Rotary-Shouldered Connections” IADG/SPE Paper 238844 pre-

sented at the 1992 IADC/SPE Drilling Conference in New

Orleans, LA.
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compbund Is used as a multiplier to correct tl:le make-

‘up torque for rotary shouldered connections for a com-

pound See Section 3.

Fnctmual Performanee — the reactlon of the thread

compound in -combination with the test. speclmen as

related to the eoefficient of frlctlon

Reference Compound — a Iaboratory test compound

~ formulated to produce consistent results from batch to

batch that is used as a calibration standard,

Shall — is used to indicate that a provision is manda- -
tory only when used in conjuncfion with the marking. .
Yequiretnents -of Sectton 4 of this Recommended Prac-

‘tice.

Should — is used to indicate that a provision is not
mandatory but recommended as good practlce. N

May — lS used to-indicate that a provision is optinnal

f REFERENCEDD(_)CU‘MENTS.

1. General; This specification includes by refer-
ence, either in total or in part, other API, industry,
’ and g'overnment‘, standards listed in Table-1.0.

2, Equwalent Sta.ndards. Other nationally or in-

ternationally recognized standapds shall be submit-
ted to and approved by API for inclusion in this

speclf:catlon prior fo thenr use as equivalent -

standards,
TABLE 1.0
7 - : REFERENCED DOCUMENTS
1 CAS ChemwaLAbstmcts Service
2. API Spee 7 — Specmcatwn Jor Rotary Drilling

Eqmpment

3. API RP 7G — Recommended Practwe for Drztl
Stem Destgn and Operating Iﬂm'cts

4, ASTM E 11 — Speeification Jor Wire Cloth. Sieves
Jor Testing Purposes

8. - ASTM D 445 — Kinematic Viscosity of Tmnspar—

ent and Opague Liquids (and the Caleulation of
Dynamw Viacosity)

ASTM D 128 - Analysis af Lubrwatmg Grease

ASTM D 217 — Standard Test Method for Come
Penetmtm of Lubmcatmg Grease -

;

'8, ASTM D 1301 — Method for Chemu‘:nt Analysis o)"

Wriite Lead Pigments

9. ASME BR1.1-1989 — American Society of Mechani-
cal Engineers — Unified Inch Screw Threads
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SECTION 1
GENERAL

1.1 The Purpose.
This document defines:

a. the procedure for determining the friction factor
of rotary shouldered connection thread eompounds.

b. the recommended marking of the thread com-
pound containers,

¢. the caleulation procedure for rotary shouldered
eonnection make-up torgue.

This document outlines a procedure for determining
thread eompound frictional performance, deseribes the
statistical analysis method for evaluating the test
results, and shows how to use the results of the tests.
Using the results from this test does not guarantee
failure-free rotary shouldered connection service in the
field, This information should assist the user in select-
ing the most appropriate make-up torgue for the thread
compound in use.

1.2 Summary of the Test Procedure. The relative
frietional performance of a thread compound is deter-
mined by using a threaded, shouldered belt type apeci-
men and recording torque versus turns data as shown
in Figure 1. One cycle is defined as a single make and
break of the specimen. A minimum of eight cycles shall
constitute one tesf run for either the reference com-

pound or the test compound. A complete test will con-

sist of three runs as follows:

a. a calibration run performed using the reference
compound.

b. a run performed using the test compound.
¢, arepeat run using the reference compound.

The friction factor for the thread compound is deter-
mined by dividing the test compound result by the
average of the reference compound results. Other prop-
erties of thread compounds such as galling prevention
and resistance to downhole make-up are currently out-
gide the scope of this recommended practice.

1.3 The Reference Compound. This test method
utilizes a reference compound to simultaneously eali-
brate the specimen, the loading machine, and the
instrumentation. It is a simple mixture of common
components that can be readily mixed and will yield
congistent results when tested in the manner described
in the following sections. This reference compound is
not intended for use a3 a thread compound and is only a
laboratory calibration material.

The Reference Compound composition is:

Component Percent by Weight
Lead Powder 6001+ 1.0
Grease Bage 40.0 -+ 1.0

Total 100,0
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Lead powder shall conform to the following require-
ments: .

Free metal content, % minimum 95
(latest edition of ASTM D 1301)
Lead oxide content, % maximum 5}

(latest edition of ASTM D 1301)

Particle size:

Pass No. 50 sieve, % minimum 100
On No. 100 sieve, % maximum 1
On No. 200 sieve % minimum 5
% maximum 25
Pass No. 325 sieve, % minimum 40
% maximum 80

(sieve designation as per the latest edi-
tion of ASTM E 11)

The grease base shall conform t the following
requirements:

Consistency:
Worked Penetration (60 strokes)
(latest edition of ASTM D 217)

Thickener:
Lithium 12-hydroxystearate
Percent by weight,

266-295

% minimum i
% maximum 9
(latest edition of ASTM D 128}

Base Oil:
Petroleum/Non-synthetie
Viseosity @ 40°C 115 cS8t minimum

170 c8t maximum

@ 100 °C 9.5 cSt minimum

14.0 ¢St maximum

{latest edition of ASTM D 445)

NOTE: The grease base shall contain no additives such
as extreme pressurve, anti-wear, or any other that eottld
affect the frictional properties of the reference compound.

WARNING: Lead (CAS No. 7488-92-1} has been deter-
mined to be toxic. Mark, store, report and dispose of vef-
evence compound in accordance with federal, state, and
local regulations.

1.4 The Test Specimen. The test specimen is shown
in Figure 2. The threads are 1-8 UUNC and shall con-
form to ASME B1.1-1989 with a 2A and a 2B fit. The
material of the specimen shall be AISI 41380 steel bar
(UNS G41300) quenched and tempered to a Brinell
hardness range of 285 to 841 through the complete eross
section. The shoulder and the thread of each component
shall be single-point cut without removing the part
from the chuck to assure that the shoulder is perpen-
dicular to the axis of the threads. The surface finish on
mating surfaces shall be 32 + 16 microinches RMS (0,8
+ 0,4 micrometer Ra). There shall be no surface treat-
ment on the machined surfaces of the test specimen.
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1.5 The Test Apparatus, The thread compound shall
be tested in a machine capable of applying an increas-
ing torque at a uniform rate to-the specimen while
recording the torque and rotation. The torque on the -
apecimen shall be between 200 and 300 ft-1b (270 and -
408 N-m) when the friction data is taken. The data |-
acquisition instrumentation may be either analog or
digital. Care must be taken to.assure that the frequency
response of either type system is adequate to aequire
representative data.

An example of a mechanieal system s shown in Fig- .
ure 8. The test machine consists of three sections.. The
first section of the machine is the motor/gearbox that
supplies the rotation and torque fo the specimen. The |-
rotation speed shall be 1 RPM + 10%. The torque capa-
bility of the machine shall be at least 360 ft-1b (475 N-
m) and shall be reversible. The seecond seetion of the
machine is the torque transducer and resists rotation of”
the specimen and produces an output signal that is pro-
portional to the applied torque. This transducer should

* have a aaximum capability between 400 and 800 ft-Ib

(642 and 1085 N-m). The third section of the machine is
the rotation transducer thal produces an output signal =

“that is proportmnal to the angle through whlch the-
Speclmen isrotated. . :

The 51gnal from the rotatlon and torque transducers e

~ ghall be recorded in such a way that there is a one-to-.
one correspondence between daia pmnts for torque and
data pomts for rotatlon .

1.6 Ther Test Condltlons. This test shall be con-
ducted with the apparatus, the reference compound,
and. the teat compound at a temperature between 60°F
(16°C) and 100°F (832°C). The relative humidity shall be

- between 20% and 95% and non-condensing. The appara-
" tus, environment, and the test compounds are not

required to similtaneously be at the same temperature,

- . but rather within the preseribed range, Results of tests

performed at conditions outside of those llsted above -
shall be 80 noted.
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SECTION 2
THREAD COMPOUND TEST PROCEDURE

2.1 New Specimen Break-in. Each newly manuface
tured specimen shall be subjected to 20 make and break

cycles using the reference compound before actual tests '

are performed. The specimen shall then be cleaned
using the recommended procedure. -

2.2 Specimen Cleaning. The speeimen shall be-

cleaned with any appropriate solvent, wire brushed te
remove any plated soft metal, and degreased. The spee-
imen shall then be dried before applymg the next test
compound.

CAUTION: Solvents and depreasers may contain haz-

ardous materials. Material Safety Data Sheets should

be read and the precautions observed when handling
products of this type. o

2.3 Sample Submission and Storage. The"éample of
the compound to be tested shall be submitted in a clean,
leak proof container that can be sealed to prevent evap-
oration of any volatile materials or the possible contam-
ination of the compound. The sample volume should be
al least eight fluid ounces (=250 ce). The sample should
not be stored in temperatures outside the range of §0-

100°F (15-32°C). If the sample is submitted in a con- -
{ainer larger than 1 gallon (=4 liters), a convenient por- -

tion for storage and-testing may be transferred to a

smaller container that meets the above requirements. It

is extremely important that before the transfer of the
sample to an alternate container, or prior fo the actual

test procedure, that the sample is stirred to insure -
homogeneity. Care should be taken when s_tirring"them
sample that material is not scraped or abraded from. .-’
the container itself that could contaminate the sample’ .

and affect test results.

24 Torque Test. All mating surfaces of the fest

specimen shall be coated with a liberal layer of the
thread compound. The specimen shall then be made-up

hand-tight and placed in the testing machine, The-
initial or hand-tight torque shall not excéed 10 ff-1b-

{=~14 N-m). The torquse and the rotation shall then be

recorded as the torque is increased to 810+ 10 ft-1b
(420 = 14 N-m). After these data are recorded, the spec- -

imen shall be lovsened by applying a torque in the
" opposite direction. The specimen shall then be removed

from the testing machine. The two parts. of the aspeci- -

men shall be unscrewed sufficiently to expose all but

two or three threads, and more thread compound shall -
be reapplied to the mating surfaces. The specimen shall -

then be made-up hand-tight and replaced in the test

machine. The next set of data shall then be taken. This

procedure shall be repeated a minimum of eight to a

maximum of ten cycles. A minimum of eight cyecles.

shall constitute one run and be used for the caleuldtions

in Section 2.6, If more than eight eycles are performed, |- - ..
the operator may select to neglect any of the extra .

cycles,
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-~ 2.5 Test Speclmen Inspection. After a run has been.
" completed, the specimen shall be cleaned as deseribed

in-Section 2.2. If there are any: signs of galling of the

mating surfaces, the cormpound is rejected and the test
is complete-. The diameter of the eylindrical section of
the specimen shall be determined to within 0.001 inch

{0.025 mm) and recorded before and afier each com- .~

- pound test 'so that yielding of the specimen will be
- detected. This measurement should be taken each time
the specimen i3 cleaned. If the diameter change exceeds
0. 005 inch (0.127 mm), the test is invalid, _

2.6 Data Reduction For. each individual torque ver- -

" sus rotation-test on any compound, the result of that test .
is the slope m of the least-squares fit of a straight line -
fo the torque versus rotation data over the range of

torque from 200 to 300 ft-1b (270 to 408 N-m).- At least

twenty pairs of data points: shall be used:. fm: this -

- analysis.
U _ T ne3(A®) —('EA')2
- where
o A Measured Angle Data Point . H
I T- = Measured 'I'orque Da.ta Pomt
" 'n = pumber oi data palrs S
¢ = multlplleatmn sng‘n . ]

These resultmg' slopee {m) w111 ‘be- statlstlcally ana- :

Iyzed to determine the average of the éight runs (8) and
the standard dev;atmn In the follownng, N-8. -

Em

.:-(-2)

8 = -

.VARIANCE = Nex(ome) - (zm)= _(3)‘_
S TN |

 STANDARD DEVIATION, = J VARIANC

If one standard deviation is g'reater than €%- of thei--

. average, the test is- not’ ‘valid,

‘2.9 The Frlctlon Facto‘r The frlctlon factor for the )

thread eompound 1s'

’ FF' 2‘32 o
) I 1+ S_s, RS
where ’ I I
7. 8, = average slope for lst reference compoundi
- L orung - LT ] .
.Sﬂ = average BlODé for'iihread compound runs.

I'UI'IS

;7(5).,

Sg = average slope for 2nd reference compound'




API RPx?Al 92 EE D732290 0501580 1 WM

12 American Petroleum Institute

SECTION 3
APPLICATION OF FRICTION FACTOR

Recommended make-up torque for rotary shouldered
connections were caleulated using a coefficient of frie-
tion of 0.08 and are tabulated in API RP 7G. A thread
compound with a friction factor other than 1,00 does not
have a coefficient of friction of 0.08 and uncorrected
tabulated torque values can result in improperly made-
up connections,

The thread compound friction factor is nsed to correct
the make-up torque for drill stem elements.

Thread compound performance is based on this test
procedure and not a specific friction factor. Drilling
conditions exist where a friction factor of greater or less
than 1.00 is benefigial.

The make-up torque can be corrected by multiplying
the make-up torque value found in RP 7G by the fric-
tion facter of the compound.

Example:

Drilil pipe assembly — &7, 19.50, G-105 premium with
5% x 3% NCB50 tool joints

Make-up Torque from Table 2.12 of API RP 7G —
21,914 fi-lbs

Thread compound Friction Factor — 0.92
Corrected make-up torque
21,914 x 0,92 = 20,161 ft-Ibs

SECTION 4
TEST CERTIFICATION AND MARKING

4.1 Test Certification, Thread compound manufac-
turers wishing to eomply with this recommended prac-
tice shall display the frictional performance data of
their compound according to the guidelines in Section
4.2. The thread compound manufacturer shall provide,
upon request, certified copies of the test results that
were obtained using the methods and equipment de-
scribed in this practice. The results shall include the
manufacturer’s name, produect name, date of testing,
and the name of the testing laboratory.

4,2 Marking. Thread compounds which have been
tested in accordance with this recommended practice
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(API RP 7Al) may be so labeled. The label shall con-
tain a reference to “API RP 7Al1” and “FRICTION
FACTOR = X.XX” or “FF (7A1) = X.XX". There shall
be no more or less than three digits with two digits to
the right of the decimal point.

NOTE: Drilling conditions exist where a friction factor
other than 1.00 18 acceptable andfor desirable, therefore
product conformance is based on the test methods de-
seribed in this recommended practice and nol on a spe-
cific value of the friction factor.
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