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INTERNATIONAL STANDARD © ISO , 1ISO 10431:1993(E).

Petroleum and natural gas industries — Pumping

1 |ni'l-s —_— Snnnificaticn

Al uﬁv. |

1 Scope

This Interngtional Standard lays down specification covering the design and rating-ef pumping units.

2 Requirements

Requirements are specified in:
“API Specification 11E (Spec 11E), Sixteenth Edition, October 1,-1989 — Specification for Pumping Units”,

which is adopted as ISO 10431.

For the purposes of internationl standardization, however.-“modifications shall apply to specific clausds and para-
graphs of publication APl Spec 11E. These modificatiens are outlined below.

Throughout] publication APl Spec 11E, the conversion of English units shall be made in accordance with 1SO 31,
parts 1 and|3. In particular, .

LENGTH 1 inch (in) = 25,4 mm (exactly)

1 foot (ft) = 304,8 mm (exactly)
MASS 1 pound (Ib) = 0,453592 37 kg (exactly)
PRESSURE 1 pound-force per square inch (Ibf/in?) = 6894,76 Pa

o1 psi
VOLUME 1 cubic inch (in®) = 16,387 064-1072 dm?® (exactly
AREA 1 square inch (in?) = 645,16 mm? (exactly)
VELOCITY 1 foot per second (ft/s) = 0,304 8 m/s (exactly)
TORQUE 1 inch pound-force (in-Ibf) © =0,112985 N-m

Page 11

Information given in the POLICY is relevant to the API publication only.
Page 64
Appendix G

Information relating to the use of APl monogram is relevant to the API publication only.
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Foreword

This supplement contains revisions authorized at the
1990 Standardization Conference as reported in Circ
PS-1920 and approved by letter ballot.

Page 5. Replace Par. 2.4 and Fig. 2.1 with the
Sollowing:

2.4 Walking Beam. The following formula shall be

used far rating conventional walking beams as shown
2.1.

in Fig]

V

y

ISO 10431:1993(E)

Page 6. Replace the equation in Column 4, Row 2 of
Table 2.1 with:

* JELGJ

S,1

Delete all the nomenclature at the end of Table 2.1 and
replace it with:

* Where:

fo g,
A

erein:

T

walking-beam rating in pounds of polished-
rod load.

compressive stress in bending in pounds per
square inch. See Table 2.1 for maximum
allowable stress.

section modulus in cubic inches. The gross
section of the rolled beam may be used
except that holes or welds are not permissi-
ble on the tension flange in the critical zone.
See Fig. 2.1.

distance from centerline of saddle bearing to
centerline of well in inches. See Fig. 2.1.

distance from centerline of saddle bearing to
centerline of equalizer bearing in inches. See
Fig. 2.1.

_‘_4 CRITICAL ZONE IN
TENSION FLANGE

J = Torsional constant, in*

1 = Longest laterally, unbraced lergth’ of| beam,
inches (longer of A or C (See Fig,2.1)).

E =Modulus of elasticity; 29,000,000 psi.
y =Weak axis moment of inertiain®.

G =Shear modulus; 11,200,000\psi.

e
\

FIG.2.1
WALKING-BEAM ELEMENTS
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POLICY

API PUBLICATIONS NECESSARILY ADDRESS
PROBLEMS OF A GENERAL NATURE. WITH
RESPECT TO PARTICULAR CIRCUMSTANCES,
LOCAL, STATE AND FEDERAL LAWS AND REG-
ULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET DUTIES

TO WARN AND PROPERLY TRAIN AND
THEIR EMPLOYEES, AND OTHERS EX-
, CONCERNING HEALTH AND SAFETY
RISKS|AND PRECAUTIONS, NOR UNDERTAKING
THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICA-
TION IS TO BE CONSTRUED AS GRANTING ANY
RIGHT], BY IMPLICATION OR OTHERWISE, FOR
THE MANUFACTURE, SALE, OR USE OF ANY
METHPD, APPARATUS, OR PRODUCT COVERED
BY LETTERS PATENT. NEITHER SHOULD ANY-

THING CONTAINED IN THE PUBLICATION BE
CONSTRUED AS INSURING ANYONE AGAINST
LIABILITY FOR INFRINGEMENT OF LETTERS
PATENT.

GENERALLY, API STANDARDS ARE REVIEWED
AND REVISED, REAFFIRMED, OR WITHDRAWN

CAN BE ASCERTAINED FROM THE API AUT
ING DEPARTMENT (TEL(214°748-3841). A CATALOG
OF API PUBLICATIONS AND MATERIALY IS
PUBLISHED ANNUALLY AND UPDATED QUJAR-
TERLY BY API, 1220 L ST., N.W., WASHINGT|ON,
D.C. 20005.

1
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4 American Petroleum Institute
API SPECIFICATION FOR PUMPING UNITS
Foreword 3. Pumping-unit gear reducer.

This specification is under the jurisdiction of

the Committee on Standardization of Production
Equipment.

b.

beam-type pumping-unit
cover i i

This specification covers designs and ratings of
components. It does not
of materials, nor the use

4. Pumping-unit chain reducer.
5. Pumping-unit beam counterbalance.
6. Pumping-unit crank counterbalance.

e. Attention Users of this Publication: Portions of
this publication have been changed from the previous

edition-The location of changes has heen marked
&

ith a

of thq equipment.

c.

rating

Approved forms are given in Appendix A for
of crank counterbalances and for recording

pumplng-unit stroke and torque factors.

d.

1.1

The following nomenclature is standard:
1. Pumping unit.
2. Pumping-unit structure.

This specification covers the design and rat-

ing ofl the following:
a. Bumping-unit structure.
b. Bumping-unit gear reducer.
¢. Humping-unit chain reducer.

1.2

American Petroleum Institute (API) Specifica-

tions qre published as aids to the procurement of stand-
ardized equipment and materials, as well as instruc-

tions

to manufacturers of equipment or materjals

coverdd by an API Specification. These Specifications
are ndt intended to obviate the need for sound,engineer-

ing, n
or pro

1.3

cation|

in an

compsa

br to inhibit in any way anyone from purchasing
Hucing products to other specifications.

The formulation and publicdtign of API Specifi-
k and the API monogram program is not intended
way to inhibit the purehase of products from
nies not licensed to use‘thé API monogram.

SECTION 1
SCOPE

bar in the margin. In some cases the changes are.s

icant, while in other cases the changes refle¢t™T

editorial adjustments. The bar notations in the m
are provided as an aid to users to identify those pa
this publication that have been changed" from the
vious edition, but API makes ne Warranty as t
accuracy of such bar notations.

1.4 API Speécifications may be used by anyone
ing to do so, and diligent effort has been made
Institute foassure the accuracy and reliability
data contained therein. However, the Institute ma
representation, warranty, or guarantee in conn
with'the publication of any API Specification and |
expressly disclaims any liability or responsibilj
loss or damage resulting from their use, for any
tion of any federal, state, or municipal regulatio
which an API Specification may conflict, or f
infringement of any patent resulting from the usd
API Specification.

1.5 Any manufacturer producing equipment or

gnif-
hinor
gins
ts of
pre-
b the

desir-
y the
bf the
kes no
ection
ereby
ty for
viola-
with
r the
of an

mate-

rials represented as conforming with an API Specifica-
tion is responsible for complying with all the proyisions
of that Specification. The American Petroleum Inptitute

does not represent, warrant or guarantee that such
ucts do in fact conform to the applicable API st4
or specification.

prod-
ndard
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SECTION 2

PUMPING-UNIT STRUCTURES

2.1 Scope. This section covers:

a. Standardization of specific structure sizes in com-

bi

nation with established reducer sizes as given in

Section 3.

b. Walking beam design, with specific rating

NOTE: It is the spirit and intent of above
provision, that any manufacturer having au-
thority to use the API monogram on pumping-
unit structures, may not represent a structure
carrying the monogram or for which the letters
API or the words “American Petroleum Insti-
tute” are used in its description as having a

fdqrmula.

c. Design loads and limiting working stresses on

0

N
gear
in th
unit
walk
part
deric

2.2 1]
length)|
for pol
stresse
ished r|

Other
capacif

2.3 §
mende
tion ad
ity, an
the co
pumpity
in the
are typ
acceptd

er structural components are also included.

TE: Only loads imposed on the structure and/or
reducer by the polished rod load are considered
s specification. Additional loads on the pumping
ymposed by add-on devices attached to the reducer,
img beam, or other structural components are not
of this specification. These would include such
es as compressors, stroke increasers, etc.

No dimensional requirements, other than stroke
are established. Rating methods are given only
shed-rod capacities; however, allowable working
b of other structural components for a given pol-
bd capacity are defined.

Hesign criteria such as bearing design, braking
y, etc., are also established.

tandard Pumping-Unit Series. It is recom-

that pumping units furnished to this specifica:
here to the gear reducer rating, structure capac-
i stroke length as given in Table 2.2, altheugh
mbinations of these items that make up-the
g unit designation need not be identical to those
table. The particular combinations in the table
ical but combinations other than those listed are

ble under this standard.

CRITICAL ZONE IN
TENSION FLANGE

e — Pt — ———

Wherein:

ralting of any kind or size other than projdided
above. This applies to sales information as|well
as to structure markings.

2.4 Walking Beam. The following, formula khall
be used for rating conventional walking beamis as
shown in Fig. 2.1.

 £S
L

W = walking;beam rating in pounds of polighed-
rod load:

L = greaterof l; or 1.

f., = compressive stress in bending in poundp per
square inch. See Table 2.1 for maximum
allowable stress.

S = section modulus in cubic inches. The gross
section of the rolled beam may be |used
except that holes or welds are not perrmissi-
ble on the tension flange in the critical one.
See Fig. 2.1.

l¢ = distance from centerline of saddle bearing to
centerline of well in inches. See Fig. 2.1.

1, = distance from centerline of saddle bearing to
centerline of equalizer bearing in incheq. See
Fig. 2.1.

I

e

2 o

i

)]

b Lt

Ct [
11
®

d

FIG. 2.1

\
4

WALKING-BEAM ELEMENTS

13
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TABLE 2.1
MAXIMUM ALLOWABLE STRESSES IN PUMPING-UNIT WALKING BEAMS
(See Fig. 2.1)
1 2 3 4
ASTM A36
Stress Symbol Structural Steel
1 Tensile stress in extreme fibers in bending, psi. fo 11,000
_ *6 000 000
2 (ompressive stress in extreme fibers in bending, psi. PR _T
(May not exceed values on line 3) ¢ B
8 Maximum compressive stress in bending, except as , 11 nnn
limited by equation on line 2, psi. Jeb A4, VUV
4 l\Ilinimum yield strength of material, psi. 36,000
*In the quantity ! d
bt
| = longest laterally, unbraced length of beam, inches (longer of 1, or I¢, see Fig. 271):
d = depth of beam section, inches.
b = width of compression flange, inches.
t = thickness of compression flange, inches.

NOTE: The formula given in Par. 2.4 is based 2.61 Unit Retation. Viewed from the side [of the
dn the comventional beam construction using a pumping unit with the well head to the right{ crank
ingle rolled scction. With unconventional con- rotation Jjshdefined as either clockwise or cpunter-

clockwige:

truction or built-up sections, due regard shall
e given to change in loading, to checking
tresses at all critical sections, and to the exist-
nce of stress concentrating factors.

2.5| The working stress, fw for the beam rating for-
mula|given in Par. 2.4, shall be determined from Table

um value of this stress, f, is the smaller of the
determined from lines 2 and 3 oflable 2.1.

2.7"Design Loads for All Structural Me¢
Except Walking Beams. For all pumping unit
tries. and unless otherwise specified, use the ma
load exerted on the component in question by ¢
ing the loads on the component at each 15° cran
tion on the upstroke of the pumping unit. Use p
rod load W, for all upstroke crank positions. (S
2.1¢)

For units with bi-directional rotation an
symmetrical torque factors, the direction of rota

SPEC 11E

PUMPING UNIT STRUCTURE

STRUCTURAL UNBALANCE (POUNDS) | |

PUMPING-UNIT
STRUCTURE

mbers
peome-
Kimum
xamin-
k posi-
olished
e Par.

d non-
ion for

| —————————— |

SERIAL NUMBER

(NAME OF MANUFACTURER)
(ADDRESS OF MANUFACTURER)

FIG. 2.2
PUMPING-UNIT STRUCTURE NAME PLATE

NOTE: Structural unbalance is that force in pounds eved positive when the force rvequived at the polished

rod 1s downward, and

14

required at the polished rod to hold the beam n a
hovizontal position with the pitmans disconnected from
the crank pins. This structural unbalance is consid-

( ] negative when wupward. The
minus (—) sign shall be stamped on the mame plate
when this ralue is negative.
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design calculations shall be that which results in the
highest loading on structural components.

Due consideration shall be given to the direction of
loading on all structural bearings and on the structural
members supporting these bearings.

NOTE: Allowable stress levels are based on simple
stresses without comsideration of stress risers. Ade-
quate stress concentration factors shall be used when

2.11 Brakes. Pumping unit brakes shall have suffi-
cient braking capacity to withstand a torque exerted by
the cranks at any crank position with a maximum
amount of counterbalance torque designed by the
manufacturer for the particular unit involved. This
braking torque to be effective with the pumping unit at
rest under normal operating conditions with the well
disconnected.

NOTE: The [fv)a:fvn‘f()';fvlr,v wnit-brake 1s not intended as a

stresg risers occur.

2.8 Pesign Stresses for All Structural Members
Excegt Walking Beam, Bearing Shafts and Cranks.

a. Design stresses for all structural components shall
b 2 function of the yield strength of the material,

, psi.

b

S
b. Cpbmponents subjected to simple tension or com-

ptession and non-reversing bending shall have a
limiting stress of .3 Sy. If stress risers occur in
cyitical zones of tension members, the limiting
stiress shall be .25 Sy.

Cpmponents subjected to reverse bending shall
hjve a limiting stress of .2 Sy.
T
n

he following formula shall be used for all compo-
nts acting as columns:

4 4dnm2E \r

Wherein:

W. |= maximum applied load on column, lbs.
a  |= area of cross section, sq. in.

Sy |= yield strength of material, psi

safety stop but is intended for operational stopsonfly.

When operations or maintenance are to béyconducted
on or around a pumping unit, the position.of the prank
arms and counterweights should be securely fixed in a
stationary position by chaining\or-other acceptable
means.

2.12 Horseheads. Horseheads shall be either hlinged
or removable to provide aécess for well servicing.

Horseheads shall be-attached to the walking bepm in
such a manner as’to prevent falling off due to g high
rod part or othersudden load changes.

The distancé. from the pivot point of the horseh¢ad to
the tangent point of the wireline on the horsehead shall
have a maXimum dimensional tolerance at any pgsition
of the stroke of the following values:

+1 in. for stroke lengths to 100 in.
+% in. for stroke lengths 100 in. to 200 in.
+3, in. for stroke lengths of 200 in. and longer

2.13 Cranks. All combined stresses in cranks| shall
be limited to a maximum value of .15 Sy.

2.14 Structural Bearing Design. Structural |bear-
ing shafts may be supported in sleeve or anti-fifiction
bearings.

a. Anti-Friction Bearings.

N |= end restraint constant (assme = 1)
E |= modulus of elastici . For bearings subject to oscillation or rotatign use
= modulus of elasticity psi the bearing load ratio formula:
I |= unbraced length of’eglumn, in. C
R, =k 2o
r |= radius of gyratiow of section, in. W,
1 shall be Jimited to a maximum of 90. For Where:
r values “0f/ 30 or less, columns may be _ . .
assumed to be acting in simple compression R, = bearing lo‘ad ratio
(See Par. 2.8b). k = 1 for bearings rated at 33-1/3 rpm and 500
hours or
L = 3 88 for hearings rated at 500 rom and 3000
2.9 Shaftng. Al bearing shalts as well as other = il
structural shafting shall have limiting stresses as out- hour§ , o .
lined in Par. 3.8 in the reducer section of this ¢ = begrmg manufacturer’s specific dynamic
specification. ratm'g in lbs. o
W, = maximum load on bearing in lbs.

2.10 Hanger. Wirelines for horseheads shall have a
minimum factor of safety of five when applied to the
breaking strength of the wireline.

For allowable stresses on carrier bar, end fittings,
etc., see Par. 2.8b and 2.8c.

For bearings subject to oscillation only use an R,
value of 2.0 or greater.

For bearings subject to rotation use an R, value
of 2.25 or greater.

15
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TABLE 2.2
PUMPING UNIT SIZE RATINGS

1 2 3 4 1 2 3 4
Max. Max.
Reducer Structure  Stroke Reducer Structure Stroke
Pumping Unit  Rating, Capacity, Length, Pumping Unit  Rating, Capacity, Length,
Size in.-1b 1b in. Size in.-lb b in.
6.4—| 32— 16 6,400 3,200 16 320—213— 86 320,000 21,300
6.4—[21— 24 6,400 2,100 24 320—256—100 320,000 25,600
320—305—100 320,000 30,500
10—| 32— 24 10,000 3,200 24 320—213—120 320,000 21,300
10—| 40— 20 10,000 4,000 20 320—256—120 320,000 25,600
320—256—144 320,000 25,600
16—| 27— 30 16,000 2,700 30
16—{53— 30 16,000 5,300 30 456—256—120 456,000 25,600
456—305—120 456,000 30,500
25—{ 53— 30 25,000 5,300 30 456—365—120 456000 36,500
25—| 56— 36 25,000 5,600 36 456—256—144 456,000 25,600
25—| 67— 36 25,000 6,700 36 4&382“144 456.000 30’5:%
4 — 5
e T R oK oomn
— X , 640—305—120 640,000 30,500
40—{89— 42 40,000 8,900 42 640—256<144 640,000 25.600
07648 4000 70 4B CA0 5144 010000 36300
= — 4 ) y
57—| 76— 42 57,000 7,600 42 6404:305—168 640,000 30,500
57— 89— 42 57,000 8,900 42 640—305—192 640,000 30,500
57—{ 95— 48 57,000 9,50C 48
57—09— 48 57,000 10,900 48 912—427—144 912,000 42,700
57—{ 76— 54 57,000 7,600 54 912—305—168 912,000 30,500
912—365—168 912,000 36,500
80—[L09— 48 80,000 10,900 48 912—305—192 912,000 30,500
80—133— 48 80,000 13,300 48 912—427—192 912,000 42,700
80—[119— 54 80,000 11,900 54 912—470—240 912,000 47,000
80—[133— 54 80,000 13,300 54 912—427—216 912,000 42700
80—[119— 64 80,000 11,900 64
i 1280—427—168 1,280,000 42,700
114—133— 54 114,000 13,300 54 1280—427—192 1,280,000 42,700
114—143— 64 114,000 14,300 64 1280—427—216 1,280,000 42,700
114—173— 64 114,000 17,300 64 1280—470—240 1,280,000 47,000
114-f143— 74 114,000 14,300 74 1280—470—300 1,280,000 47,000
114-{119— 86 114,000 11,900 86
1824—427—192 1,824,000 42,700
160—173— 64 160,000 17,300 64 1824—427—216 1,824,000 42,700
160—143— 74 160,000 14,300 74 1824—470—240 1,824,000 47,000
160—173— 74 160,000 17,300 74 1824—470—300 1,824,000 47,000
160—200— 74 160,000 20,000 74
160—{173— 86 , 17,300 86 2560—470—240 2,560,000 47,000
2560—470—300 2,560,000 47,000
228—173— 74 228,000 17,300 74
228—200— 74 228,000 20,000 74 3648—470—240 3,648,000 47,000
228—213— 86 < 228,000 21,300 86 3648—470—300 3,648,000 47,000
298-1246— 86.\.\228,000 24,600 86
228—1173—100~. 228,000 17,300 100
298—P13<120° 228,000 21,300 120
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b. Sleeve Bearings.

The design of sleeve bearings is beyond the

scope of this specification. It shall be the responsi-

bi

lity of the pumping unit manufacturer to design

sleeve bearings, based on available test data and
field experience, which are comparable in per-

fo

rmance to anti-friction bearings designed for the

same operating loads and speeds.

name plate may contain other non-conflicting and
appropriate information, such as model number or lub-
rication instructions.

2.17 In order that the torque on a reducer may be
determined conveniently and accurately from dyna-
mometer test data, manufacturers of pumping units
shall provide, on request of the purchaser, stroke and
torque factors for each 15-deg position of the crank. An

aporovad—form—for th whbrission £ thac data is
P + ¥ SHBPAHSE —6+—tREeS §

2.15
readilyj
cross n
jection
shall b
tool.

2.16
be pro
in Fig

3.1 SC

Installation Markings. Clearly defined and
usable markings shall be provided on the end
embers of the base to indicate the vertical pro-
of the walking beam centerline. The markings
b applied with a chisel, punch, or other suitable

Marking.* Each pumping-unit structure shall
ided with a name plate substantially as shown
2.2. At the discretion of the manufacturer, the

DPE

Appl
closed
designs
Specifi
pumpin

Limi
identifi
multipl
units, i
not exc
shaftd

3.2 RE

cability. This Specification is applicable to en-
peed reducers wherein the involute gear tooth
include helical and herringbone gearing. This
ation is intended primarily for beam-type
g units.

tations. The rating methods and influgences
bd in this Specification are limited to single and
b stage designs applied to oilfield” pumping
which the pitch-line velocity of any‘stage does
eed 5000 feet per minute and. the speed of any
les not exceed 3600 revolutions pér minute.

SPONSIBILITY

Gear| Reducer Designets: Professionals using this

Specifi

ation should realize) that it is quite difficult to

identify and offer solutions to all the influences affect-

ingag
that thi

bar reducer..For this reason, it is recommended
b Specification be used by engineers with signif-

icant experience’in mechanical systems.

Redu

ers rated under this Specification, and properly

applied

installed, lubricated and maintained. shall be

SECTION 3
PUMPING-UNIT REDUCERS

Gatil

shown in Appendix A.

*Users of this specification should note that thereMs mo longer a
requirement for marking a product with thenART monogram.
The American Petroleum Institute continuesyto license ufe of
the monogram on products covered by this\$pecification buf it is
administered by the staff of the Institute separately fron} the
specification. The policy describing li¢ensing and use of the
monogram is contained in Appendix/H. herein. No other uke of
the monogram is permitted.

capablé-of safely carrying the rated peak torque ynder
normal oilfield conditions.

Rating Factors. The allowable stress numbers in this
Specification are maximum allowed values. Less|con-
servative values for other rating factors in this Spé¢cifi-
cation shall not be used.

Metallurgy. The allowable stress numbers, s, and
Sat, included in this Specification are based on commer-
cial ferrous material manufacturing practices. Hard-
ness, tensile strength, and microstructure are the drite-
ria for allowable stress numbers. Reasonable levels of
cleanliness and metallurgical controls are requirdd to
permit the use of the allowable stress numbers |con-
tained in this Specification.

Residual Stress. Any material having a case{core
relationship is likely to have residual stresses. If grop-
erly managed. these stresses will be compressive|and
will enhance the bending strength performance of the
gear teeth. Shot peening, case carburizing, nitriding,
and induction hardening are common methods of injduc-
ing compressive prestress in the surface of the fear
teeth

17
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TABLE 3.1
SYMBOLS USED IN GEAR RATING EQUATIONS
Symbol Description Reference
A Tensile Area of Fastener, in.2 3.8
Cm Load Distribution Factor for Pitting Resistance 3.5
(O Elastic Coefficient 3.5
C, Pitting Velocity Number 3.5
C, Pitting Contact Number 3.5
C, Pitting Stress Number 35
Cs Velocity Factor for Pitting Resistance 3.5
D Operating Pitch Diameter of Gear, in. 3.7
Dm Mean Diameter of Fastener, in. 3.8
d Operating Pitch Diameter of Pinion, in. 8.5
ds Shaft Diameter, in. 3.8
Eg Modulus of Elasticity for Gear, psi Table 3.4
Ep Modulus of Elasticity for Pinion, psi Table 3.4
F Net Face Width of Narrowest Member, in. 3.5
Hg Brinell Hardness Fig. 3.1
h, Key Height in Shaft or Hub, in. 3.8
I Geometry Factor for Pitting Resistance 35
J Geometry Factor for Bending Strength 3.6
K Load Distribution Factor for Bending Strength 3.6
Kms Load Distribution Factor, Static Torque 3.7
Ky Yield Strength Factor 3.7
K, Strength Velocity Number 3.6
K, Strength Contact Number 3.6
K; Strength Stress Number 3.6
K, Strength Geometry Number 3.6
K; Velocity Factor for Bending Strength 3.6
L Length of Key, in. 3.8
Lmin Minimum Total Length of Lines of Contact’'in Contact Zone 3.5
mg Gear Ratio 3.5
Ng Number of Teeth in Gear 3.5
Nt Threads Per Inch of Fastener 3.8
N, Number of Teeth in Pinion 3.5
n, Speed of Output Shaft, rpm 3.5
n, Pinion Speed, rpm 3.5
Py Diametral Pitch, Nominal, in the Plane Rotation (Transverse), in.! 3.6
Pna Normal Diametral Ritch, in.1 3.6
PN Normal Base Pitch, in. 3.5
Sg Key Shear Stress, psi Fig. 3.7
Se Key Compreéssive Stress, psi Fig. 3.7
Sac Allowdble-Contact Stress Number, psi 3.5
Sat Allowable Bending Stress Number, psi 3.6
Say Allowable Yield Strength Number, psi 3.7
Tt Shaft Torque Transmitted, 1b. in. 3.8
Tac Allowable Transmitted Torque at Output
Shaft Based on Pitting Resistance, 1b. in. 3.5
Tw ———AHewable Fransmitted Forgueat-Output
Shaft Based on Bending Strength, lb. in. 3.6
Tas Allowable Static Torque, lb. in. 3.7
Tas: Allowable Static Torque, 1st Reduction, 1b. in. 3.7
Tas2 Allowable Static Torque, 2nd Reduction, 1b. in. 3.7
Tasn Allowable Static Torque, nth Reduction, 1b. in. 3.7
A Pitchline Velocity, ft/min 3.5
w Width of Key, in. 3.8
Z Length of Line Action in Transverse Plane, in. 3.5
b, Normal Operating Pressure Angle, degrees 3.5
&, Operating Transverse Pressure Angle, degrees 3.5
L4 Helix Angle at Operating Pitch Diameter 3.5
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Grinding the tooth surface after heat treatment may
reduce the residual compressive stresses. Grinding the
root fillet area may introduce tensile stresses in the
root. Care must be taken to avoid changes in micro-
structure during the grinding process. Shot peening is
often performed after grinding to assure the presence
of residual compressive stresses.

System Analysis. A pumping system analysis is the

torque ratings as determined by the use of the applica-
ble formulas listed.

Gear ratings as given in the formulas listed are
extracted from “AGMA Application Standard for Heli-
cal and Herringbone Speed Reducers for Oilfield Pump-
ing Units” (AGMA 422.03), with the permission of the
publisher, the American Gear Manufacturers Associa-
tion, 1901 North Fort Myer Drive, Suite 1000, Arling-

respons-rb-rh-by—ef—ﬂic user—This a.ua}_yo;a witt—mdtcate
wheth¢r the calculated loading on the gear reducer is
within| the design limits for which it is offered. A pol-
ished tod dynamometer can be used to determine the
actual loading on the gear reducer.

Methods of computing or of measuring well loads are
not within the scope of this Specification, however, API
Recommended Practice API RP11L can be used to pre-
dict approximate polished rod loads and gear-reducer
torque| values. Cognizance should be taken by the user
of the|possibility of actual loads exceeding apparent
loads uynder one or more of the following conditions:

(1) Improper counterbalancing.
(2) Bxcessive fluctuation in engine power output.

(3) Serious critical vibrations of the reducer and
ehgine system.

(4) Hoor bottom-hole pump operation.
(5) Looseness in the pumping-unit structure.

The pymping system includes the prime mover (electri¢
motor,|multi-cylinder engine, or single cylinder engine),
the pupnping unit structure including gear reducer,the
sucker|rod string, the bottom hole pump, tubing,j¢asing
and a1y other component or condition that influences
the loafling.

3.3 DEFINITIONS AND SYMBOLS

Defipitions. The terms used,~wherever applicable,
conform to the following standards:

(1) ANSI Y10.3-1968.“Letter Symbols for Quantities
Used in Mechaniesof Solids.”

(2) AGMA 112{“Gear Nomenclature, Terms, Defini-
tions, Symbols, and Abbreviations.”

Sympols.\The symbols used in the pitting resistance
and bending strength formulas are shown in Table 3.1.

" XL: e 00006
WIIL, VITEHIIa 24aUJ.

Standard Sizes. The pumping unit redficer|[of a
given size shall have a capacity, calculated‘as proyided
herein, as near as practical to, but not*less thayg, the
corresponding peak torque rating in Table 3.2.

TABLE 3.2
PUMPING UNIT REDUCER)SIZES AND RATINGS

Peak Torque Rpting,

Size lb. in.
6.4, ... L 6,400
10 0.yt 10,000
16 .8/ . .. 16,000
2500 25,000
400, .. 40,000
ST o 57,000
80 .. 80,000
114 ..o 114,000
160 ..o 160,000
228 228,000
320 ... 320,000
456 ... 456,000
640 ... 640,000
912 ... ... T 912,000
1280 ..o 1,280,000
1824 ... 1,824,000

2560 ...l PP 2,560,00
3648 .. 3,648,000

Rating Speeds. Gear ratings shall be based [on a
nominal pumping speed of 20 strokes per minute jup to
and including the 320 API gear reducer size [peak
torque rating — 320,000 pound inches). On gear rpduc-
ers with ratings in excess of 320,000 pound inche$, the
ratings shall be based on the following nominal pump-
ing speeds:

Strokes Per Minute, Peak Torque Rating

NOTE: The symbols and definitions used in this
Specification may differ from other specifications.
Users should assure themselves that they are using
these symbols and definitions in the manner indi-
cated herein.

3.4 GEAR RATING TERMINOLOGY

Peak Torque Rating. The peak torque rating of the
gear reducer will be the lower of the pitting resistance
torque rating, bending strength torque rating, or static

n, Pounds Inches
16 456,000

16 640,000

15 912,000

14 1,280,000

13 1,824,000

11 2,560,000 and larger

3.5 PITTING RESISTANCE TORQUE RATING

Pitting is considered to be a fatigue phenomenon, and
is a function of the stresses at the tooth surface.

19
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The two kinds of pitting, initial pitting and destruc-
tive pitting, are illustrated in AGMA Standard 110,
“Nomenclature of Gear Tooth Wear and Failure.”

The aim of the pitting resistance formula is to deter-
mine a load rating at which destructive pitting of the

teeth

does not occur during their design life.

The following formula shall be used for rating the
pitting resistance of gears:

[\
Tac = npd G F 1 ksm) (Eq. 1) z1%, Load Distribution Factor, Analytical Method.
2n, Cm Cr <.\ 2 pitting stress numbdr
or C, =0225 . MG __ [} for externalhelical [Eq.7)
me+1\Cy gears
Te | =Ci.Co.C, (Eq.2) '
s, = allowable contact stress number from Fig.[3.1 or
where: Table 3.3
= i haft, . -
Tac Allowable 'trz'msmltt.)ed torque a.t output shaft. C, = elastic coefficient
based on pitting resistance, Ib. in.
C = d2C . . = 2300 for mating stee€l elements. Consult Taple 3.4
! BpC Y5 pitting velocity number (Eq.3) for Cp values pf. materials other than steel
2n,
= 1o.= Nz E 8
n, = pinion speed, rpm me gear ratio N q.-8)
p
d = operating pitch diameter of pinion, in. In the
equations for C,, and Tac'abov.e, the valufe of d The values of C; determined from this equatipn are
may be taken as the outside diameter minus e . .
. minimiims for good gear design. C; may be deteymined
two standard addendums for enlarged pinions )
more precisely as follows:
5 = velocity factor for pitting resistance
P C, = IfSac)’ Eq.9)
sl T8 (Eq. 4) Cp
8+ AL 1 = COS ¢1sin .18 .ImGc | Lmin ( :q' 10)
A = (d) (np) (.262), pitch line velocity, ft/min 2 mg+l F
(Do not use enlarged pinion pitch _ : o )
diameter) (Eq. 5) I = geometry factor for pitting resistance (wear)
N, = speed of output shaft, rpm (pumping speed, &, = operating transverse pressure angle, d¢grees
strokes per minute) o - tan <tan ¢n> Eq.11)
C, | = _F_ pitting contact ndmber (Eq. 6) cos ¥
(O g &, = normal operating pressure angle, degrdes
F = net face width-ininches of t'he narrowest of ¥ = operating helix angle
the mating/gears. For herringbone or double
helical gearing, the net face width is the sum Lmin = minimum total length of lines of contact in con-
of theface widths of each helix. tact zone. For most helical gears having a face
contact ratio of 2 or more; a conservative esti-
Cn = load-distribution factor for pitting resistance mate is:
from Fig. 3.2. If deflections or other sources Lumin = .95Z (Eq. 12)
of misalignment are such that the values of —F‘ _ Lq.
Cm fl UIIT Flg 32 du ot TTPI esent thc a-\,tuu! DN
maldistribution of load across the face, then With good gear design, the above value of
calculate the load distribution factor using Luin+ F is acceptable for a face contact ratio of
AGMA 218, Load Distribution Factor, Ana- 1.0 to 2.0 but is a less conservative estimate.
Iytical Method. ) o
NOTE: When gears are hardened after cutting, Z = 1(;2522 of line of action in the transverse plane,
and the profiles and leads are mot corrected or
otherwise processed to insure high accuracy, the e = normal base pitch, inches
tooth distortion will affect load distribution. This
makes it necessary to apply a distortion factor to C, =

(1) Multiply C, by 0.95 when one element is
hardened after cutting

(2) Multiply C, by 0.90 when both elements are
hardened after cutting

The above C, factors can only be attained with well
controlled heat-treating processes. If the as-heat-treated
accuracy is such that the required C,, values (for above
C, values) can not be attained, calculate C,, per AGMA

the C, value. The following shall be used:

cosdsind,  _mg  95Z (s, Y (Eq. 13)
2 mg+l py \Co
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The method used in this Specification for determining
the geometry factors for pitting resistance “I” is simpli-
fied. A more precise and detailed analysis can be made
using the method in AGMA 218 The more precise
method in 218 must be used for face contact ratios less

than 1.0. When “I” is determined in accordance with
AGMA 218 and if 2C + (mg + 1) is not equal to outside
diameter minus two standard addendums, the operating
pitch diameter of the pinion in all of the preceding rat-
ing equations must be defined in AGMA 218.

HELICAL AND HERRINGBONE GEARS

[
2 &
2
130p =
o
o
Q
Q
= 120p- 175
-4
w
m
3
p |
Z  110p
@ A
w >
= 150
w
ol 100D —
Q
hs
5
o 4
w  90p s
2 125
S >
g ‘d
I 809
2 2
3 / Sac = 25,600 + 345 H_ Ib/in2
= 7004 B
3 100 >
Ssc = 176.5 + 2.379 Hg MPa
600 o
75
150 200 250 300 350 400 450
BRINELL HARDNESS - Hg
FIG. 3.1
ALLOWABLE CONTACT FATIGUE STRESS FOR THROUGH
HARDENED AND TEMPERED STEEL GEARS —s,,
FROMAGMA 42203

Values are to be taken from the curve above for the minimum hardness specified for the gear. Suggested gear and
pinion hardness combinations are tabulated below for convenience.

SUGGESTED MINIMUM GEAR AND PINION BRINELL HARDNESS COMBINATIONS
FOR THROUGH HARDENED AND TEMPERED STEEL GEARS

Gear 180 210 225 245 255 270 285 300 335 350 375
Pinion 210 245 265 285 295 310 325 340 375 390 415

21
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TABLE 3.3
MAXIMUM ALLOWABLE CONTACT STRESS NUMBER — s,,
(For Other Than Through Hardened and Tempered Steel Gears)
Minimum
AGMA Commercial Heat Hardness
Material Class Designation Treatment at Surface Sac. PSI
Steel Flame or 50 HRC 170,000
Induction 54 HRC 175,000
Hardened 2*
Carburized 55 HRC 180,000
and Case 60 HRC 200,000
Hardened*
AISI 4140 Nitrided** 48 HRC 155,000
AISI 4340 Nitrided 46 HRC 155,000
Cas 20 As Cast 57,000
Iron 30 As Cast 175 BHN 70,000
40 As Cast 200 BHN 80,000
Nodjular A-7-a 60-40-18 Annealed 140 BHN 1* 90 to 100%
(Du¢tile) A-T-c 80-55-06 Quenched of sac value
Iron & Tempered 180 BHN of steel with
A-7-d 100-70-03 Quenched 230 BHN same hardness
& Tempered
A-T-e 120-90-02 Quenched 270 BHN (see Fig. 3.1)
& Tempered
— 120-90-02 Mod. Quenched 300 BHN
& Tempered
Maljeable A-8-c 45007 0 - 165 BHN 68,000
Iron A-8-e 50006 L &5 180 BHN 74,000
(Pedrl- A-8-f 53007 o - 195 BHN 79,000
itic) A-8-i 80002 () - 240 BHN 89.000
*For fninimum carburized case depth Per Fig.8.5
**For ginimum nitrided case depth Per Fig=3.6
1*The higher allowable stress for nodular-iren/s determined by metallurgical controls.
2*For fninimum flame or induction hardened case depths and hardening pattern, see Fig. 3.7
TABLE 3.4
ELASTIC COEFFICIENT—C,

Gear Material & Modulus
of Elasticity E, — psi

Pinion Material Malleable Nodular

and Modulus of Steel Iron Iron Cast Iron
Elasticity Ep 30x108 25x108 24x108 22x108
Steel 30x108 2300 2180 2160 2100
Mall. Iron 25x108 2180 2090 2070 2020
Nod. Iron 24x108 2160 2070 2050 2000
Cast Iron 22x108 2100 2020 2000 1960

Poisson’s ratio = 0.30
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3.6 BENDING STRENGTH TORQUE RATING

Bending strength rating is related to fracture at the
gear tooth root fillet. Fracture in this area is considered
to be a fatigue phenomenon and is a function of the
bending stress in the tooth as a cantilever plate.

Typical fractures are illustrated in AGMA Standard
110, “Nomenclature of Gear Tooth Wear and Failure.”

a distortion factor to the K, value. The following shall
be used:

(1) Multiply K, by 0.95 if one element is hardened after
cutting.

(2) Multiply K, by 0.90 if both elements are hardened
after cutting.

The above K, factor can only be attained with well con-

The[aiT of tThe bending Strength ratmg formuta s to
deterrhine a load rating at which tooth root fillet frac-
ture dpes not occur during the design life of the teeth.

ML f 11 Lo T ol a van ~
1Ne| 1o1owing 10ririuia bhd” bC uocd fui' r

bendifg strength of helical and herringbone gears:

T [= mdKs F o5 I (Eq. 14)
Zn“ Km Pd
or
Ta F K, .K,. K, . K, (Eq. 15)

where

T.: | = allowable transmitted torque at output shaft
based on bending strength, 1b. in.

K, |= npd Ky strength velocity number (Eq. 16)
2n,
n, [F pinion speed, rpm
d [|¢ operating pitch diameter of pinion, in.
K, |= velocity factor for bending strength
(Eq. 17)

K / 78
| 78 +/ v,
n, | speed of output shaft, rpm (pumping speed,

strokes per minute)

ve |= (d)(n,) (.262) pitchline veloeity, ft/min. (Eq. 18)

K, |= F strength contaet fumber (Eq.19)
Km
F |= face width ifiinches of the narrowest of the

mating gears: For herringbone or double heli-
cal geating the net face width is the sum of the
face'width of each helix

K, |=_Aoad distribution factor from Fig. 3.4. If deflec-
tion or other sources of misalignment are such

trotted—treat—treatimg—processes—H—the—as—heat—treated
accuracy is such that the required K, values’ (fqr the
above K, values) can not be attained, calculate K}, per
AGMA 218, Load Distribution Factofy, Analytical
Method.

K, = sy strength stress number (Hg. 20)

s;t = allowable bending stress.number, psi, from
Fig. 3.3 or Table 36

K, = 2 strength geometry number (Hq. 21)
Py

J = geomefry factor for bending strength per

AGMA 226. For reference, see Appendix A
inAGMA 422.03.

Py _=‘diametral pitch in plane of rotation,
(transverse)

Py (Pra) (cos W) (Ha. 22)
P,4 = normal diametral pitch, nominal, in-!

NOTE: The bending strength rating must be calcplated
for both pinion and gear. The lower value is the bgnding
strength rating of the gear set.

3.7 STATIC TORQUE RATING

The static torque loads on the gear teeth c4qn be
caused by resisting the torque exerted by the cotgnter-
balance or other non-operating conditions. A deperip-
tion of the many conditions of installation, mainterjance,
and use of pumping unit reducers which can causd high
static torques to be applied is not within the scqpe of
this Specification.

The static torque rating of the gear reducer to resist
these loads must be equal to or greater than 500% of
the reducer name plate rating. Certain pumping unit
geometries may require a higher static torque rpting.
The system analysis required by 3.2 will be uded to

that the values of K, Irom Fig. 3.4 do not
represent the actual maldistribution of load
across the face, then calculate the load distri-
bution factor using AGMA 218, Load Distribu-
tion Factor, Analytical Method.

NOTE: When gears are hardemed after cutting, and
the profiles and leads are not corrected or otherwise proc-
essed to insure high accuracy, the tooth distortion will
affect load distribution. This makes it necessary to apply

determine when the higher static torque rating is
required.

The following formula shall be used to determine
static torque rating of helical and herringbone gears:

T, = B. 4. F s xK, (Eq.23)
2 Py K
where:
D = operating pitch diameter of gear, inches
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FIG. 3.3
ALLOWABLE BENDING FATIGUE STRESS FOR THROUGH
HARDENED AND TEMPERED STEEL GEARS —s,,
FROM AGMA 422.03
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TABLE 3.5
ALLOWABLE BENDING FATIGUE STRESS NUMBER — s;;
(For Other Than Through Hardened and Tempered Steel Gears)
AGMA Commercial Heat Min. Surface
Material Class Designation Treatment Hardness § Sat, PSi
Steel Flame or 50-54 RC 38,300
Induction
Hardened 2*
Carburized 55 RC 47,000
& Case 60 RC 47,000
Hardened*
AISI 4140 Nitrided** 48 RC 29,000
AISI 4340 Nitrided 46 RC 31,000
Cast 20 As Cast - 4,200
Iron 30 As Cast 175 BHN 7,200
40 As Cast 200 BHN 11,000
Nodujar A-T-a 60-40-18 Annealed 140 BHN 1* 90 to 100%
(Ductjile) A-T-c 80-55-06 Quenched of s,; value
Iron & Tempered 180 BHN of steel with
Quenched
A-7-d 100-70-03 & Tempered 230 BHN same hardness
Quenched
A-T-e 120-90-02 & Tempered 270 BHN
Quenched
— 120-90-02 Mod. & Tempered 300 BHN
Mallgable A-8-c 45007 e 165 BHN 8,500
Iron A-8-e 50005 - 180 BHN 11,000
(Pear]- A-8-f 53007 sk 195 BHN 13,600
itic) A-8-i 80002  SNlee-- 240 BHN 17,900
*For minimum carburized case depths Per Fig. 3.5
**For mnimum nitrided case depths Per Fig. 3.6
1*The higher allowable stress for nodular iron is determined by metallurgical controls.
2*For minimum flame or induction hardened.case depths and hardening pattern, see Fig. 3.7 and Fig. 3.8. Pattern 3.8A is limifed to
approyimately 5DP and finer. Process control is important to the achievement of correct hardening pattern. Parts of this type should
be carpfully reviewed since residual compressive stresses are less than with pattern 3.8B. Tooth distortion and lack of ductility may
necess|tate a reduction of allowable stress numbers.
§Core hgrdness for nitrided gears t6_be-a minimum of 300 BHN. Core hardness for case hardened and ground gears and pinions|to be
shown|in Manufacturer’'s Data-Sheet 4.5.
Ta. F allowablé static torque at the gear or pinion K, = yield strength factor. See Table 3.6.
bei hecked:
ik N ms = 0.0144F +1.07 for F <16 (Eq. 25)

Tas: = 1st reduction,

1.3 for F > 16"

7

(NOTE: Torque on output shaft, Tas, = Tag X mg., ete.)

say = allowable yield strength number of the gear or
pinion material; Fig. 3.9 for steel and nodular
iron. For case hardened (flame, induction,
nitrided, carburized) material, use core hard-
ness from Manufacturers Data Sheet to deter-

Taa-

= 2nd reduction,

T.sn = nth reduction

mine yield strength number

(Eq. 24)

K
Km
K

ms = load distribution factor, static torque

Allowable static torque rating determined using this
formula will be conservative since the geometry factor J
includes a stress concentration factor for fatigue. It
should be pointed out that some gear materials do not
have a well-defined yield point and the ultimate strength
is approximately equal to the yield. For these materials,
a much lower value of K, must be selected. The user of
this specification should satisfy himself that the yield
values selected are appropriate for the materials used.

29
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NORMAL DIAMETRAL PITCH

9 The mimimum effective case depth is
8 defined as the depth below the surface
7 at which the Rockwell 'C'hardness has
dropped to 50 Rc or 5 points below the
6 surface hardness, whichever is the
\\ lower hardness.
5
| N
N

h, =0.264693 x P_, - 1.12481 in. \

° nd N
B == \

hg =017677 x m_ 1.12481 mm \\
P
1 \

0.010 2 3 5 7 0:100 0.300

| T T T T T 1 1 T
03 04 05 0.7 1.0 2.0 3.0 6.0 10.0

MINIMUM EFFECTIVE, CASE DEPTH

FI1G. 3.7
MINIMUM EFFECTIVE CASE DEPTH'FOR FLAME OR INDUCTION HARDENED GEARS, h,
FROM AGMA 422.03

INDUCTION COIL OR\FLAME HEAD INDUCTOR OR FLAME HEAD

I —

PATTERN 8A PATTERN 8B

FI1G.3.8
ACCEPTABLE FLAME AND INDUCTION HARDENING PATTERNS
FROM AGMA 422.03
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BRINELL HARDNESS NUMBER - HB

FIG. 3.9
ALLOWABLE YIELD STRENGTH NUMBER — s,
STEEL AND NODULAR IRON
FROM AGMA 422.03
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TABLE 3.6 where
YIELD STRENGTH FACTOR — K,
ss = shear stress of key, psi (see Table 3.7)
Material K, s. = compressive stress of key, psi (see Table 3.7)
Steel (Through Hardened) 1.0 Tt = transmitted shaft torque, Ib. in.
Nodular Iron 1.0 ds = shaft diameter, in.
Steel (Flame or Induction Hardened) 0.85 (for tapered shaft use mean diameter)
Steel (Case Carburized) 1.20
SteertNitrided) -85 =width-ofkey—in
Cast Iron 0.75 _ .
Malleable Iron 1.0 L = length of key, in.
h, = heightof key in the shaft or hub that beats
3.8 COMPONENTS against the keyway, in.
Corhponent Design. Gear reducers for oilfield pump- For designs where unequalyportions of the
ing upits must be designed for the unusual external keyway are in the hubjorshaft, h, must be the
loads |encountered in this service. All components are minimum portion.
subjedt to loading determined by the structural geome-
try and the load rating of the pumping unit. The data Allowable Stresses. Ma{(imum allowable key stresses
in thik section are general in nature and should only be based on peak torquéirating are shown in Tabfe 3.7.
used pfter careful consideration of all factors which These stress limits ate)based on the assumption that an
influehce the loading. interference fit is Wsed with a torque capability equal to
or greater than the reducer rating at that shaft.
Houising. The housing may be of any design, pro- . .
vided|it is sufficiently rigid to properly maintain shaft Overloads, The shaft to hub interface must bd capa-
positipns under maximum gear and structural loads for ble of Wwithstanding the overloads associated with oil-
which{ it is intended. field pmping units.
Bedrings. Shafts may be supported in sleeve or anti- Fa.stener Stresses. Fastener stresses are to pe de-
frictiqn bearings. termined from the forces developed at the torque [rating
of the gear reducer in addition to any external s{ructu-
Sle¢ve Bearings. Sleeve bearings shall be designed ral loading.
for bgaring pressures not in excess of 750 pounds per . .
squark inch of projected area, based on actual loalling The maximum allowable stress at the tensile grea of
(interhal and external), at the rated peak torque: threaded fasteners (bolts, studs, or capscrews) shpll not
exceed the values given in Table 3.8. The tensile area
Antifriction Bearings. Antifriction bearings'shall be (A) is calculated as follows:
selecled according to the bearing manufacturer’s
recorrlmendations based on actual leads (internal and 2
exterfal) at rated peak torque and rated speed for not A =078 (Dm‘ %?l> (Fq. 28)
less than 15,000 hours L-10 life. T
Shidft Stresses. For steel §haffs, the maximum stress where:
due td torsion and the mdximum stress due to bending - : s
shall [not exceed the values shown in Fig. 3.10 for the A tensile ares of fastener, in.
torqup rating of the@nit. These allowable stress limita- D,, = major diameter of fastener, inches
tions [provide for_effective stress concentrations arising _ .
from [keyways, shoulders,; and grooves, etc., not exceed- N = threads per inch of fastener
ing a| value.of 3:0. Effective stress concentration (con-
sidering AMotth sensitivity) exceeding a value of 3.0, TABLE 3.7
press| fits, “or unusual deflections, require detailed ALLOWABLE KEY STRESSES*
analysts:
i . . Allowable Stress,
Sha}ft Deflections. Shaft deflections causing tooth Key Hardness psi
misalignment must be analyzed regardless of stress lev- Material BHN Shear Comp.
els to insure satisfactory tooth contact as required to
achieve the C, and K, values used to rate the gearing. AIST 1018 None
Key Stresses. The shear and compressive stress in a Specified 10,000 20,000
ey Stresses.
key is calculated as follows: AIST 1045 225-265 15,000 30,000
265-305 20,000 40,000
se = 2T, (Eq. 26) AISI 4140 310-360 30,000 60,000
(ds) (W) (L), *The values tabulated assume an interference fit with a torque
_ oT capacity equal to or greater than the reducer rating. When
Se = t (Eq.27) other methods of attachment are used, a detailed stress analy-

(ds) (hy) (L)

sis must be performed.
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FIG. 3.10
ALLOWABLE STRESS — SHAFTING
FROM AGMA 422.03
TABLE 3.8
MAXIMUM ALLOWABLE TENSILE STRESS, FASTENERS
Allowable
SAE arnd/or Ultimate Applied
ASTM Threaded Fastener Hardness Yield Tensile Tensile
Designgtion Diameter, inches BHN Strength Strength Stress
psi min. psi min. psi max.
SAE 2 Over Y to % incl. 149-241 55,000 74;000 11,000
Over 3 to 1% incl. 121-241 33,000 60,000 11,000
SAE 5 Overtitot+imck 241362 85,660 126,666 26,660
(ASTM A-449) Over 1 to 1% incl. 223-285 74,000 105,000 18,000
ASTM A-449 Over 1% to 3 incl. 183-235 55,000 90,000 13,000
ASTM A-354 Over ! to 2% incl. 217-285 80,000 105,000 17,000
Grade BB Over 2% to 4 incl. 217-285 75,000 100,000 17,000
ASTM A-354 Over ¥ to 2% incl. 255-321 109,000 125,000 22,000
Grade BC Over 2% to 4 incl. 255-321 99,000 115,000 22,000
SAE 7 Over ! to 1% incl. 277-321 105,000 133,000 24,600
SAE 8 Over % to 1% incl. 302-352 120,000 150,000 27,700

(ASTM A-354 Grade BD)

NOTE: The basis for the values in Table 3.8 is to prevent joint opening at a peak rated load.
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Tensile Preload. The tensile preload in the bolt,
stud, or capscrew should be 70 percent of the yield
strength of the material as determined at the tensile
area of the thread.

Special Seals and Breathers. It is recognized that
oilfield pumping units operate outdoors under adverse
atmospheric conditions and must be equipped with seals
and breathers designed for these conditions.

3.9 LUBRICATION (See API RP 11G)

CHAIN REDUCERS

3.12 Design. Chain drives shall be either single,
double, or triple reduction.

3.13 Single, or multiple strand roller chain, conform-
ing to American National Standards Institute (ANSI)
B29.1 heavy series, shall be used. Link plates may be
thicker than specified. Center link plates of multiple
strand chains shall be press-fitted on the pins.

PUMPING.UNIT
GEAR*® REDUCER

SPEC 11E

SIZE (PEAK.TORQUE RATING IN ::

THQUSANDS OF INCH-POUNDS)

RATIO | I
]

SERIAL NUMBER r

(NAME OF MANUFACTURER)
(ADDRESS OF MANUFACTURER)

*Substitute “CHAIN” when appropriate.
FIG. 3.11
PUMPING-UNIT REDUCER NAME PLATE

3.1p Data Sheet. The manufacturer shall retain in
his files, and make available to an API surveyor upon
requqst, a completed Manufacturer’s Gear Reducer
Data|Sheet as shown in Table 3.9 for each gear reducer
size mhanufactured.

3.11 MARKING*

Ea¢h pumping—unit reducer shall be provided with a
nameplate substantially as shown in Fig\8.11. The size
(peak| torque rating in 1,000 lb. in.) shown on the name-
plate|shall be one of those listed ih Table 3.2. No other
rating marking shall be applied to the reducer. The
nameplate may, at the optiofi ef the manufacturer, con-
tain |nformation such as~.model number, lubrication
instryctions, etc., provided-such marking does not con-
flict with the API rating ynarking.

NOTE: I3 the spirit and intent of the above pro-
fiston that\omy manufacturer having authority to
se thecAPI monogram on pumping unit reducers
aymot{represent a reducer carrying the monogram
dr for which the letters API or the words “American
Retroleum Institute” are used in its description as

3.14 Sprockets shall have ANSI tooth form.

3.15 The small sprocket shall havepnot legs than
eleven teeth.

3.16 The small sprocket shall be.of steel, and|of 225
minimum Brinell hardness. Thelarge sprocket ghall be
of steel or cast iron.

3.17 The distance betwe€en sprocket centerlings shall
not be less than the s of the pitch circle radiug of the
large sprocket plusi.the pitch circle diameter|of the
small sprocket,.CHain length shall be selected to|obtain
an even numper. of pitches (no offset link).

3.18 A minimum take-up of two pitches, or| 3 per
cent ofiehain length, whichever is less, shall be
provided.

3v19 Shafts and sprockets shall be aligned to provide
proper distribution of load across the width. Where a
shaft is movable for take-up, reference marks shall be
provided for checking parallelism.

3.20 Rating Forumula. Chain and sprocket fatings
shall be based on a nominal pumping speed| of 20
strokes per minute.

3.21 The peak torque rating of the first reduction
shall be calculated as follows:

a. For double-reduction reducers, the peakitorque
rating of the first (high speed) reductiop shall
be related to the crankshaft peak torque}lratmg

by multiplying the high speed reductiop peak
torque by the ratio of the second (low |speed)
reduction.

b. For triple reduction reducers, the peak|torque
rating of the first (high speed) reduction shall
be related to the crankshaft peak torque|rating
by multiplying the high speed reductioh peak
torque by the product of the ratios of the|second
(intermediate speed) and third (low |speed)
reductions.

having a rating of any kind or size other than pro-
vided above. This applies to sales information as
well as to reducer markings.

*Users of this specification should note that there is no longer a
requirement for marking a product with the API monogram.
The American Petroleum Institute continues to license use of
the monogram on products covered by this specification but it is
administered by the staff of the Institute separately from the
specification. The policy describing licensing and use of the
monogram is contained in Appendix H, herein. No other use of
the monogram is permitted.

3-22-The following formula shall be used for rating
of chain:

SxR
T= 222
12
Wherein:

T = peak-torque rating in inch-pounds.

S = ANSI ultimate tensile strength of chain in
pounds.

R = pitch radius of large sprocket in inches.
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TABLE 3.9
MANUFACTURER'S GEAR REDUCER DATA SHEET
MANUFACTURED BY: , DATE SUBMITTED
NOMINAL API REDUCER SIZE
CALCULATED VALUES
PITTING RESISTANCE TORQUE Third Reduction:
F|rst Reduction lb. in. Gear ___ lb.in., Pinion b. in.
S¢cond Reduction 1b. in. STATIC TORQUE
Third Reduction lb. in. First Reduction:
BENIING STRENGTH TORQUE Gear _ lb.in,Pinpten ______ Ib. in.
First Reduction: Second Reduction:
Ghar b. in., Pinion Ib. in. Gear__ lbw)Pinion__________lp.in.
Secondl Reduction: Third Reduction:
Gear _ lb.in,Pinion_—__ 1b.in. Gear —_ _~X_ lb.in,Pinion___________1lp.in.
NOTH: (1) First Reduction is high speed reduction.
(2) Second reduction is slow speed reduction on double reductiénngear reducers and the intermediate reduction
on triple reduction gear reducers.
(3) Third reduction is the slow speed reduction on triplesreduction reducers and is not applicable on double

reduction reducers.
CONSTRUCTION FEATURES
TYPE|OF REDUCER: (Cross out if not applicable)

(S|ngle) (Double) (Triple) Reduction
(SIngle) (Double) Helical Gearing

TEETH

Nugmber of Teeth and Normal Diametral Pitch or Transverse Diametral Pitch

First Reduction, Np . Ng . Pog . Py
Sefcond Reduction, Np . Ng P - Py
THird Reduction, N . Ng . + P + Py

Center Distance\and Net Face Width

First Reduction, C.D., F.W.
Seond(Réduction, C.D., F.W.
THird-Reduction, C.D., FW.

Helix Angle and Normal Pressure Angle or Transverse Pressure Angle (Degrees)

First Reduction, H.A., NPA, TPA
Second Reduction. H.A. NPA, TPA
Third Reduction, H.A., NPA. TPA

35
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TABLE 3.9 (Continued)

GEOMETRY FACTORS, 1 & J (FOR PINION AND GEAR)

First Reduction Geometry Factor I .Jp 2 Jg
Second Reduction Geometry Factor I ., Jp Jdg
Third Reduction Geometry Factor I . Jp g
MANUEACTURING METHOQODS
Tepth Generated by Process Teeth Finished by Prochs
Topth Hardening Method
‘GEAR|& PINION MATERIALS & HARDNESS
Fifst Reduction:
Gear Material ______, Surface BHN/Re —_, Core BHN§
Pinion Mtl.__, SurfaceBHN/Re —_, Core BHN§
Second Reduction:
Gear Material _____, SurfaceBHN/Re —___, Core BHN§
Pinion Mtl.___ . SurfaceBHN/Re —_, Core BHN§
Third Reduction:
Gear Material _______, Surface BHN/Re ——___,.Core BHN§
Pinion Mtl.___, Surface BHN/Re . \Core BHN§
§ Corg hardness required for surface hardened gears and pinijens only.
OTHHR COMPONENTS
Crankshaft Material , Hardness
Hpusing Material
Hpusing Type (Check v'): Split , One Piece
BEARING SIZES* BEARING LOADING***
Hjigh Speed Pinion High Speed Pinion
**Iritermediate Speed Pinion **Intermediate Speed Pinion
Low Speed Pinion Low Speed Pinion
Lopw Speed Gear Low Speed Gear
*Fok journah'bearings indicate projected area; for ***For journal bearings list psi loading on each bear-
roller| bearings. indicate AFBMA (or equivalent) size. ing. For roller bearings, list L-10 life as calculgted in
List 11 béarings on each shaft. (State if bearings are 3.8.
mouned'in carriers or directly in gear housing.) **Not applicable on double reduction reducers.
**Not applicable on double reduction reducers.
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SECTION 4
INSPECTION AND REJECTION

4.1 The inspector representing the purchaser shall
have free entry at all times while work on the con-
tract of the purchaser is being performed, to all
parts of the manufacturer’s works which concern the
manufacturer of the material specified hereinbefore.
The manufacturer shall afford the inspector, free of

4.2 Material manufactured and rated under this
specification which proves to be defective subsequent
to acceptance may be rejected, and the manufacturer
shall be notified.

4.3 No reicetions—underthis—orany other specifica-

charge] all reasonable Iacilities to satisfy him that
the mgterial is being furnished in accordance with
this spgecification. Any inspection made at the place
of manpufacture be considered process inspection,
and shall be so conducted as not to interfere unneces-
sarily with the operation of the works. The manufac-
turer 1 furnish the inspector with gages, or other
nece measuring instruments, the accuracy of
which |shall be proved to the satisfaction of the
inspectior.

tion, are to be stami)ed with the API r;lonograrrx; qr sold
as API material.

4.4 Compliance. The manufacturer -is" respansible
for complying with all of the provisions'of this[speci-
fication. The purchaser may make any investigation
necessary to satisfy himself of \Compliance Hy the
manufacturer and may reject/any material that does
not comply with this specification.

37
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APPENDIX A
APPROVED DATA FORMS

4A2A A AWV ASLiA A LA A \TAVITALD

Al. Rating Form for Crank Counterbalances. An A2. Stroke and Torque Factors. An approved form

approved form for rating of pumping-unit crank for submission of pumping-unit stroke and torque
counterbalances is shown in Fig. A-1. Manufacturers factors is shown in Fig. A-2. Manufacturers are
are urged to use this form when providing the infor- urged to use this form when supplying such infor-
mation indicated. | mation.
Name of Manufacturer. Designation of Unit.
i 2 3
) Total Maximum?
Description? Weight, Moment about
1b. Crankshaft,
inlb.

1Describe parts in use accurately enough to avoid any possible misunderstanding, showing on separate lines

ractical combinations from minimum to maximum. = . . A "
weight (Col. 2) times distance to center of gravity in inches, with crank in horizontal position.

FIG. A-1
API RATING FORM FOR CRANK COUNTERBALANCE

a series of p
2Equals total
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Name of Manufacturer.

Designation of Unit

Pumping Unit Structural Unbalance pounds

1 2 3 4 5 6 7 8 9

Position Position of Rods? Torque Factor3

of ggg P Length of Stroke, in. Length of Stroke, in.

0
15
30
45
60j
75
90

105
120,
135
150
165
180
195
210
225
240
255
270
285
300
315
330
345

'For crank counterbalanced units with Class I Geometry, the position of the crank is the angular|dis-
placemgnt measured tlockwise from the 12 o’clock position, viewed with the wellhead to the right.

For] crank counterbalanced units with Class III Geometry, the position of the crank is the angular|dis-
placement measured counter-clockwise from the 6 o’clock position, viewed with the wellhead to the right.

For| air counterbalanced units with Class III Geometry. the position of the crank is the angular displace-
ment mpasured ¢lockwise from the 6 o’clock position, viewed with the wellhead to the right.

?Pofition is expressed as a fraction of stroke above lowermost position.

STorque factor =% where T = torque on pumping-unit reducer due to polished-rod load W.

A P
Covei . K oo
R oo, H oo
Ryoovoniaiiin, I
R, G oovoiie

NOTE: See Appendix B, C, D or E for symbol identification.

FIG. A-2
PUMPING-UNIT STROKE AND TORQUE FACTOR

39


https://standardsiso.com/api/?name=c22a988b1317f285a63425626b0b8aa5

ISO 10431:1993(E)

40

32 American Petroleum Institute

APPENDIX B

RECOMMENDED PRACTICE FOR THE CALCULATION AND APPLICATION OF
TORQUE FACTOR ON PUMPING UNITS
(Rear Mounted Geometry Class I Lever Systems with Crank Counterbalance)

right and wi

ing at

The torque factor for any given crank angle is
that factor which, when multiplied by the load in
poundk at the polished rod, gives the torque in inch-
poundf at the crankshaft of the pumping-unit reducer.

Methad of Calculation

B2.| Torque factors (as well as the polished-rod
positign) may be determined by a scale layout of the
unit gpometry so that the various angles involved may
be measured. They may also be calculated from the
dimenkions of the pumping unit by mathematical
treatment only. The approved form for submission
of toryque factor and polished-rod position data are

Torque factors and polished-rod positions are
to be|furnished by pumping-unit manufacturers for
each 15-deg crank position with the zero position at
12 o’clock. Other crank positions are determined by
the apgular displacement in a clockwise direction
viewedl with the wellhead to the right. The polished-
sition for each crank position is expressed as a
fractipn of the stroke above the lowermost position.

B4.| Referring to Fig. B1, the following system of
nomenclature and symbols is adopted:

A | = Distance from the center of the saddle.bear-
ing to the centerline of the polished rod,

inches.

C | = Distance from the center of the saddle bear-
ing to the center of the équalizer bearing,
inches.

P |= Effective length ,of the pitman, inches,

(from the center‘of) the equalizer bearing
to the center of -the crank-pin bearing).

= Radius of the crank, inches.

Distance\from the center of the crankshaft
to the/center of the saddle bearing, inches.

= Height from the center of the saddle bear-
ing to the bottom of the base beams, inches.

="Horizontal distance between the centerline

H R
Il

-
|

12 o'clock, degrees.
B = Angle between C and P, degrees.

= Angle between P and R, .degrees,|meas-
ured clockwise from R to“P.

¥ = Angle between C and K, degrees, (equals
angle x — angle p).

¥, = Angle between € and k, degrees, at |top
(highest) polished rod position.
¥, = Angle between c and k, degrees, at pot-

tom (lowest) polished rod position.

X = Angle\between C and J, degrees.

P = Angle between K and J, degrees.

TF <\Torque factor for a given crank anpgle o,
inches.

W, = Polished-rod load at any specific |crank

angle 6, pounds.

B = Structural unbalance, pounds; equal|to the
force at the polished rod required to hold
the beam in a horizontal position with the
pitmans disconnected from the crank pins.
This force is positive when acting |down-
ward and negative when acting upward.

Wan = Net polished-rod load, pounds; eqpal to

Twa = Torque, inch-pounds, due to the ngt pol-
ished-rod load for a given crank|angle

6, (equals TF X Wha).

M = Maximum moment of the rotary cdqunter-
weights, cranks, and crank pins abgut the
crankshaft, inch-pounds.

Tr = Torque, inch-pounds, due to the [rotary
counterweights, cranks, and crank pjns for
a given crank angle 6 (equals M gin 6)

Ta = Net torque, inch-pounds, at the crankshaft
for a given crank angle 6 (equals Twqd—T'r).

13 £
IVCL LT VL

the crankshaft, inches.

G = Height from the center of the crankshaft to
the bottom of the base beams, inches.

J = Distance from the center of the crank-pin
_be:ﬁ'ing to the center of the saddle bearing,
inches.

¢ = Angle between the 12 o’clocklposition and

(7=

0 = Angle of crank rotation in a clockwise di-
rection viewed with the wellhead to the

K, degrees; equals tan-!

PR = Polished-rod position expressed as a frac-
tion of the stroke length above the lower-
most position for a given crank angle 6.

B5. By application of the laws of trigonometric
functions, the following expressions are derived. All
angles are calculated in terms of a given crank angle 6.

= AR sin q
e = SOS— B.1

Sin q is (Fositive when the angle g is between 0 deg
and 180 deg, and is negative when angle o is between
180 deg and 360 deg. Sin g is always positive because
the angle g is always between 0 deg and 180 deg. A
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negative torque factor (7F) only indicates a change
in direction of torque on the crankshaft.

1
— -1
¢ = Tan (H——G) .................. B.2
This is a constant angle for any given pumping unit.
g = cl.’s.lCZ+P2——K2—R2—{—~2KR cos (6—o) B3
- 2CP

cedure for including the inertia effect of beam counter-
weights has been omitted because of the limited use
of this type of balance. Some non-dynamic factors
that can have an effect on the determination of in-
stantaneous net torque loadings, and which accord-
ingly should be recognized or considered, are outlined
in paragraphs B17., B18., and B19.

B8. Torque factors may be used to obtain the
effect at the polished rod of the rotary counterbalance.
This is done for a given crank angle by dividing the

tween 270 deg and 90 deg moving clockwise, and is
negativie from 90 deg to 270 deg moving clockwise.
When the angle (64— ¢) is negative, it should be
subtracted from 360 deg, and the foregoing rules

The coiof (6 — ¢) is positive when this angle is be-

apply.
X =cos’! <M> .......... B4
2CJ
R e ] S L

The anfle p is taken as a positive angle when sin
i tive. This occurs for crank positions between
= 0deg and (0 — ¢) = 180 deg.

The angle p is taken as a negative angle when sin
p is negptive. This occurs for crank positions between

(6 — ¢) = 180 deg and (0 — ¢) = 360 deg.
W D X e P B.6
a =84+ ¥ — (06— P) . B.7
e ¥y — ¥
PR = ¥y — ¥t e e B.8
C24-K2—(P+R)?2
¥y = st 9 CK e B.9
C2+4-K2—(P—R)?2
¥y = cpst 5 C(K ............................. B.10
Application of Torque Factors
B6. Torque factors are used primarily for deter-
mining peak crankshaft torque on operating pumping

e procedure is to take~a dynamometer card
and thern} use torque factorsypolished-rod position fac-
tors, anfl counterbalance information to plot the net
torque durve. Points foryplotting the net torque curve
are calcylated from theformula:*

=TF (W+B) — M Sin ..o B.11

e formula for net crankshaft torque, Th,
include the change in structural unbalance
nge “in crank angle; neglects the inertia
f"beam, beam weights, equalizer, pitman,

COUNtEr " A T fac-
tor for the crank angle 6. The result is the'rptary
counterbalance effect, in pounds, at the polisheq rod.

B9. Torque factors may also be used 'to ‘detefmine
the maximum rotary counterbalance\moment.|This
is done by placing the cranks in the(90 deg or 27) deg
position and tying off the polished ‘rod. Then,|with
a polished-rod dynamometer, the'counterbalance ¢ffect
is measured at the polished rod: Using this mefthod,
the measured polished-rod load (W) is the combined
effect of the rotary countérbalance and the structural
unbalance. The maximum rotary counterbajance
momient can then be determined from the formulh:

M=TF (WeB)oeeeeeeeee B.12

To check meaSurements, the maximum moment, M,
should be detérmined with the cranks in botH the
90-deg and.270-deg positions. Should there be 4 sig-
nificant difference in the maximum moments chlcu-
lated from measurements at 90 deg and 270 deg, a
recheck” of polished-rod measurements and nk
positions should be made. However, if there is|only
aslight difference, a satisfactory check is indigated
and it is suggested that an arithmetic average of the
two maximum moments be used.

B10. To illustrate the use of torque factors, a
ple calculation will be made. A dynamometer |card
taken on a 4,000-ft well is shown in Fig. B2. The|first
step in calculating the net crankshaft torque {s to
divide the dynamometer card so that the load jmay
be determined for each 15 deg of crank angle 6.
Lines are projected down from the ends of the ¢ard,
as shown, to determine its length which is prdpor-
tional to the length of the stroke.

The length of the base line or zero line is then di
into 10 equal parts and these parts are subdivided.
This may easily be done with a suitable scale
a suitable diagonal line as shown.*

considering the point where the crank angle 6 equals
75 deg. From polished-rod stroke and torque f:
data for the particular 64-in. stroke 160-D pumping
unit used for this example, it is found that the posi-
tion of the polished rod at 75 deg is 0.397, and fhat
the torque factor TF is 34.38. A vertical line is drhwn
from the 0.397 position on the scale up to the poift of
frter T T 2)

crank, and crank counterweights; and neglects fric-
tion in the saddle, tail, and pitman bearings. For
units having 100-percent crank counterbalance and
where crank-speed variation is not more than 15
percent of average, these factors usually can be neg-
lected without introducing errors greater than 10
percent. When beam weights are used. the inertia
effects of the weights must be included to determine
peak torque with any degree of accuracy. The pro-

*This formula applies to pumping units where maximum
coun:!:erbalance moment is obtained at 9 equals 90 deg or
270 deg.

The dynamometer deflection at this point is read to
be 1.16 in. which, with a scale constant of 7,450 Ib. per
in., makes the load, (W) at that point 8,650 1b.

B12. In a similar manner, the polished-rod load
may be obtained for each 15-deg angle of crank rota-
tion. The dynamometer card has been marked to show

*Using the polished-rod position data, vertical lines rep-
resenting each 15 deg of crank angle § are projected up-
ward to intersect the dynamometer card. Then the polished-
rodlload may be determined for each 15 deg of crank
angle 9.

41
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the load and position involved for each 15 deg of
crank angle. The structural unbalance, B, for the ex-
ample unit equals 4 650 1b. Therefore, the net pol-
ished-rod load, W» at 6 = 75 deg = W—B = 8,650 —
(4-650) = 8,000 Ib. The torque, Twn, due to the net
polished-rod load = TF X Wn = 34.38 X 8,000 =
275,000 in.-1b.

B13. To find the torque, T, due to the crank
counterbalance, the maximum moment, M, must be
determined. This may be done either from manufac-

Ty = TF (W—B) — M sin ¢
= 84.38X (8,650 — 650) — 184,000 0.966
= 275,000 — 178,000 = 97,000 in.-1b

These values may be calculated for other crank angle
positions in the same manner as outlined above. Shown
in Fig. B3 is a plot of torque vs. crank angle which
includes the net polished-rod load torque curve, the
counterbalance torque curve, and the net crankshaft
torque curve.

turer§” counterbalance tables or curves, or as de-
scribed in Par. B9. Because of the lack of manufac-
turersg’ counterbalance data in a majority of the cases,
the p¢lished-rod measurement technique will be used
more [frequently in determining the maximum mo-
ment.|Should the manufacturers’ counterbalance data
be use¢d, it is suggested that a check be made using a
polished-rod measurement technique.

B14. The horizontal dotted line drawn across the
dynarhometer card in Fig. B2 is the counterbalance
effect|measured with the dynamometer at the 90-deg
crank| angle and is 6,250 1b. The maximum moment
can then be calculated as follows, using formula B.12:

M = TF (W—B)
= 8276 X (6,250 — 650)
= 183,000 in.-1b

(The torque factor of 32.76 is the value at the 90-deg
crank]position for the example unit.)

Althopgh not shown, the measured counterbalance
effect| for the 270-deg crank position was 6,410 1b.
Using the torque factor of 32.04 at the 270-deg crank
positipn for the example unit, the maximum moment
is:

M = 32.04 X (6,410 — 6590)
185,000 in.-1b

The maximum moments determined at the 90-deg and

270-dég crank positions are in good agreemeént, and

lt)h;e a‘rsrage maximum moment of 184,000, in.-lb will
used.

B15§. The torque, T\, due to the ‘counterbalance at
the 7p-deg crank position would, therefore be equal
to 184,000 X sin 75-deg = 184;000 X 0.966 = 178,000
in.-1b,| The net torque at the crankshaft for the 75-deg
crank| position would then be.calculated from formula
B.11 gs follows:

B16. The foregoing sample illustration‘on 'Ihe use
of torque factors has been based on the pumping unit
operating with the cranks rotating toward the well
from top dead center. If the pumping unit is ¢perat-
ing with the cranks rotating away@rom the well from
top dead center, the calculation technique is changed
only in the use of the torque'factor in polisjed-rod
position data form. (Fig. A2, Appendix A, Std 11E.)
The position of crank, degrees, (Col. 1) is reyersed,
starting from the bottom with 156 deg and cqunting
up in 15-deg increments-to 360 deg.

B17. The foregoing technique is generally acgepted.
Those wanting-niore precise results must realjze the
true stroke length can vary somewhat with a ¢hange
in beam position in relation to the centerline |of the
saddle bearing due to an adjustable fea pro-
vided 6n._most medium to large sized units pr due
to manufacturing tolerances. Any dimensiofal de-
viation will produce some change in the gular
relationships with a resultant minor change [in the
torque factors furnished by the manufacturer

B18. The geometry of the utilized dynampmeter
can influence the determination of instantaneoys load
values for the various specified or selected|crank
angles. When critical calculations are to be| made
the dynamometer manufacturer should be coxtacted
for information on the involved performancq char-
acteristics of his dynamometer and the prodedures
that should be followed to adjust the recorded card
when completely accurate data are required.

B19. It must be recognized that the maximym and
minimum loads will most frequently fall at pointys other
than the 15-degree divisions for which torque [factors
are provided. Interpolation between 15° divisjons is
permissible without significant error.
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UPSTROKE

DOWNSTROKE
FIG. B1

PUMPING UNIT GEOMETRY
See Par. B4 for definition of symbols


https://standardsiso.com/api/?name=c22a988b1317f285a63425626b0b8aa5

ISO 10431:1993(E)

44

36

American Petroleum Institute

45
60

R _ UPSTROKE

—lao—-——-—-

e eNGE o N — T — ——cB
7o}
g ~ n ) 0 Ql
- o g x ~
DOWNSTROKE |
N ZERO LINE

[P IS PUIpI SRp—

°
FIG. B2
DIVISION OF DYNAMOMETER CARD BY CRANK ANGLE USING
APl POLISHED-ROD POSITION DATA
+300
\
/ WELL TORQUE

g /
3 +200 i
e ___L_ (8 \ _ |0 D REDUCER LiMIT AN R
N N
2
& +100 — \\
1] ° \\
x 1o
= /' =5 \
w '/ s DEGREES N \
=Y T f I

oh/ 30 60 0 270 300\ 330 360
: K '
z \
14 \Y
3 \ 3 / NN /
Z -loo N\ S 7 y

N L ‘,/Alcs TORQUE ~
N 7/
et
-200
le——————— UPSTROKE < DOWNSTROKE —————=

FIG. B3

TORQUE CURVES USING API TORQUE FACTORS



https://standardsiso.com/api/?name=c22a988b1317f285a63425626b0b8aa5

ISO 10431:1993(E)

Spec 11E: Pumping Units

37

NET REDUCER TORQUE CALCULATION SHEET
(Conventional Crank Balanced Unit Only — CLOCKWISE ROTATION)

Unit Structural Unbalance, 1bs

Company:
- Location:
Tn=TF(W-B)— M SIN ¢
Well No.:
Unit Size:
g SINE § w B W—B TF TF(W-B) | -M(SINE §)
0 0 0
1 259 -
3p 500 -
45 707 -
6{ .866 -
7 .966 -
91) 1.000 -
IOIS .966 -
12J) .866 -
13 107 -
15 500 —_
16 259 -
18‘1) 0 0
19 | - .259 +
21 - .500 +
22 - .707 +
24 - .866 +
25% - .966 +
270 =1.000 +
28; - .966 +
300 - .866 +
315 - .707 +
330 - 500 +
345 - .259 +
Tn = NetReducer Torque,in.-lbs TF = Torque Factor at 8 , in.
® = Position of Crank CBat
M = Maximum Moment of Counterbalance, in.-lbs 90 ¢ = _____
W = Measured Polished Rod Load at @, lbs M = (CBat90°-B)TFat90°) =
B

45
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NET REDUCER TORQUE CALCULATION SHEET
(Conventional Crank Balanced Unit Only — COUNTER CLOCKWISE ROTATION)

Company:
Location:
Tn=TF (W-B) — M SIN ¢ Well No.:
Unit Size:
6 SINE 6 w B W—B TF TF (W-B) | -M (SINE 6,)
0 0 0
B45 |~ 259 +
B30 |~ .500 +
B15 — 107 +
o0 |- .866 +
P85 |— .966 +
p70 | —1.000 +
P55 | — .966 +
D40 - .866 +
po5 |- 707 +
P10 |- .500 +
95 |- 259 +
80 0 0
65 259 -
50 500 -
35 707 -
20 866 -
05 966 -
90 1.000 -
5 966 -
60 866 -
45 707 —
30 500 -
15 259 -

WERX o 3

Net Reducer Torque, in.-1bs
Position of Crank

Maximum Moment of Counterbalance, in.-lbs
Measured Polished Rod Load at 8 , Ibs
Unit Structural Unbalance, 1bs

TF = Torque Factorat 6 ,in.
CBat
270° =

M = (CBat270°- BYTF at 270°) =
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APPENDIX C

RECOMMENDED PRACTICE FOR THE CALCULATION AND APPLICATION OF
TORQUE FACTOR ON PUMPING UNITS

(Front Mounted Geometry Class IIT Lever Systems with Crank Counterbalance)

0

Definition ? = Angle between the 6 o’clock position and K,
Cl1. ’E:e torque factor for any gigelx)x crial.nk1 aggle I
is that factor which, when multiplied by the load in . . ),
pounds pt the polish:ed rod, gives the torque in inch- degrees; equals tan! ".a | T80
pounds at the crankshaft of the pumping-unit reducer.
9 = Angle of crank pin rotation\in a counhter-

Method [of Calculation ﬁlocgwtfet l;iiregti}?éx vi(elweqth“'ith th; ell-

C2. Torque factors (as well as the polished-rod ead v e Tignt and.with zero degrees
position) may be determined by a scale layout of the occurring at 6 o'clock, degrees.
unit gepmetry so that the various angles involved B = Angle between C(and P, degrees.
may be measured. They may also be calculated from
the dim¢nsions of the pumping unit by mathematical = Angle between\P-and R, degrees, measpired
treatment only. The approved form for submission of clockwise from R to P.
ggrg;lge. gaé:,t%pg:r?d?)?lkas.hed-md position data are given ¥ = Anglle betweenl C)an d K, degrees, (equals

angle & >~ angle p).

(11)8. f'] orqiie dfalt):tors and polished-rod fpostitions ?e ¥, = Anglé between c and k, degrees, at top
to be ished by pumping-unit manufacturers for - : e
each 15ideg crank position with the zero position at (by¥hest} polished rod position.
6 o’clock. Other crank positions are determined by ¥, = Angle between ¢ and k, degrees, at bo
the angylar displacement in a counter-clockwise direc- h tom (lowest) polished rod position
tsiﬁndvie ed with the wczlhlhead 120 the right. The 1;:;1& p :
ished-rod position for each crank position is expres: —_
as a fraction of the stroke above the lowermost . Angle between C and J, degrees.
position p = Angle between K and J, degrees.

C4. Referring to Fig. C1, the following system of TF = :I‘cglque factor for a given crank angle 6,

nomenclature and symbols is adopted: inches.

A =t Distance from the center of the Samson W = Polished-rod load at any specific cfank
Post bearing to the centerline of the pol- angle 9, pounds.
ished rod, inches. W. = Counterbalance in pounds at the polighed

o =

C = Distance from the center of\the Samson rod determined using dynamometer ywith
Post bearing to the center-of-the equalizer crank pin at 90° position.

(or cross yoke) bearing, inches. B = Structural unbalance, pounds; equal to| the
-_— y ’

P = Effective length of~the pitman, inches, force at the polished rod required to hold
(from the center of.the equalizer (or cross the beam in a horizontal position with| the
yoke) bearing to fhe center of the erank-pin pitmans disconnected from the crank pins.
bearing). This force acts upward on Class | III

R Radius of th k. inch Geometry Units and is negative. .

= Radius of the érank, inches.
. Wn = Net polished-rod load, pounds; equa] to

K = Distancé.from the center of the crankshaft W - B.
to theccenter of the Samson Post bearing, .
inches: Twn = Torque, inch-pounds, dpe to the net [pol-

\ ished-rod load for a given crank angfle o

H = Height f{::n:;hthi center of tt'x‘e %\amso}{l Post (equals TF X W)
bearing e bottom of the base heams °
inches. M = Maximum moment of the rotary counter-

1 = Horizontal distance between the centerline Z‘l’,‘;‘ﬁf{‘:}’;’af{ ai’;,lfj’_;;’fnﬁfnk pins about the
i)f thefSa;lmson P]gs}tl bfearing and the center- ’ N .
ine of the crankshaft, inches. T = Angle of crank counterweight arm offset

. for front mounted geometry (Class III

G = Height from the center of the crankshaft Lever System).
to the bottom of the base beams, inches y )

’ ) Tr = Torque, inch-pounds, due to the rotary

J = Distance from the center of the crank-pin
bearing to the center of the Samson Post
bearing, inches.

counterweights, cranks, and crank pins for
a given crank angle 6 [equals M sin

(6 +17)]
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Ta = Net torque, inch-pounds, at the crankshaft
for a given crank angle 6 (equals Twa - T:).

PR = Polished-rod position expressed as a frac-
tion of the stroke length above the lower-
most position for a given erank angle 0.

C5. By application of the laws of trigonometric
functions, the following expressions are derived. All
angles are calculated in terms of a given crank angle
6.

Application of Torque Factors

C6. Torque factors are used primarily for de-
termining peak crankshaft torque on operating
pumping units. The procedure is to take a dynamom-
eter card and then use torque factors, polished rod
position factors, and counterbalance information to
plot the net torque curve. Points for plotting the net
torque curve are calculated from the formula:

To = TF (W—B) — M sin (8 4 7)oreeereerrees c1u

TF = AR 1530 " R — C1
C sin 8

Sin |g is positive when the angle q is between 0° and
180°, and is negative when angle ¢ is between 180°
and 360°. Sin g is always positive because the angle
g is always between 0° and 180°. A negative torque

factor] (TF) only indicates a change in direction of
torquq on the crankshaft.

Tan-? [ I

¢ H-G

] 4+ 180° e C.2

This ik a constant angle for any given pumping unit.

— cbg C2+P2—K2—R2+4+2KR cos (6—2) | .C.3
p= 2CP

The gign of cos (6—¢) must be correct. Cos {(6—¢)
is negative when (6—¢) is 90° through 270°. It is
positifve for all other angles between 0° and 360°.
When| the angle (6—s¢) is a negative number, it can
be suptracted from 360° and this new angle can be
used to determine the proper sign.

sind [ Psin g ] C4
—

gin-l [ R sin (6—9) ] .................................. C.5

For equation C.6 to be correct,”it is necessary to
use the proper sign for the. angle p. The angle p is
taken| as positive when sin‘p is positive. This occurs
fglég nk positions wheré {(#—¢) = 0° to (6—9¢) =
180°.

Thd angle p is takén-as negative when sin p is nega-
tive. This occurs for-crank positions (8 — ¢) = 180°
through (6 — ¢) = 360°.
the anglé (6 — ¢) is negative, it can be sub-
tracted frori>860° and this new angle can be used to
deterthiné \the proper sign.

Tn, does not include the change in structural|unbal-
ance with change in crank angle; neglects the finertia

more than 15 percent of average,)these factors
can be neglected without intreducing errors
than 10 percent. Some non-dynamic factors that can
have an effect on the détermination of instantaneous
net torque loadings, and-which accordingly should be
recognized or considéred, are outlined in par phs
C16, C117, and C18.

C8. Torque factors may be used to obtgin the
effect at the(polished rod of the rotary counterhbalance.
This is done ‘for a given crank angle by dividjng the
counterbalance moment, M sin (8 4+ 7), by thel torque
factor for the crank angle 6. The result is the| rotary
countérkalance effect, in pounds, at the polished rod.

C9. Torque factors may also be used to| deter-
mine the maximum rotary counterbalance mpoment.
This is done by placing the crank pins in the[90 deg
position and tying off the polished rod. Then,|with a
polished-rod dynamometer, the counterbalance effect
is measured at the polished rod. Using this method,
the measured counterbalance effect in pounds (We)
is the combined effect of the rotary counterpalance
and the structural unbalance. The maximum| rotary
counterbalance moment can then be determindd from
the formula:

M — IF (W—B) C.12
Sin (90° + 1)

C16. To illustrate the use of torque fadtors, a
sample calculation will be made. A dynamometer card
taken on a 2872 ft well is shown in ¥ig. C2. The first
step in calculating the net crankshaft torqde is to
divide the dynamometer card so that the lojd may
be determined for each 15 deg of crank angle §. Lines
are projected down from the ends of the cprd, as
shown, to determine its length which is prop¢rtional
to the length of the stroke.

The length of the base line or zero line fis then
divided into 10 equal parts and these parts sre sub-
divided. This may easily be done with a suitable scale

P oo e D iiiiiiiieeeecssesessssesssceess C.6
sin q@ = sin [(0—¢)—‘P——B] ................... C.7
PR o= — ¥ cs8
PR = I — Y

2 __ 2

¥t = cosl? [C’+K201({P+R) ]- ....... C.9
2 . 3 __ ——R)2

o e [CEE=@®] o,

along a suitable diagonal line as shown.*

Cl11. To further illustrate, a calculation will be
made considering the point where the crank angle ¢
equals 60 deg. From polished-rod stroke and torque

*Using the polished-rod position data, vertical lines
representing each 15 deg of crank angle 6 are pro-
jected upward to intersect the dynamometer card.
Then the polished-rod load may be determined for
each 15 deg of crank angle 6.
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factor data for the particular 86-in. stroke 160-D
pumping unit used for this example, it is found that
the position of the polished rod at 60 deg is 0.405,
and that the torque factor TF is 36.45. A vertical line
is drawn from the 0.405 position on the scale up to
the point of intersection with the load on the upstroke
(Fig. C2). The dynamometer deflection at this point
is read to be 0.99 in. which, with a scale constant of
7:152(2501}1?. per in., makes the load, (W) at that point
T .

C15. The torque, T:, due to the counterbalance at
the 60 deg crank position would therefore be equal
to 264,008 X sin (60° 4 27°) = 264,008 X 0.999 =
263,744 in.—I1b. The net torque at the crankshaft for
the 60-deg crank position would then be calculated
from formula C.11 as follows:

Tan = TF (W—B)—Msin (6 + 7)
— Twn-—'Tr

C12. |In a similar manner, the polished-rod load
may be|obtained for each 15-deg angle of crank rota-
tion. THe dynamometer card has been marked to show
and position involved for each 15 deg of
crank angle. The structural unbalance, B, for the ex-
ample ynit equals —1535 lb. Therefore, the net pol-

alance, the maximum moment, M, must be
ined. This may be done either from manufac-
turers’ ¢ounterbalance tables or curves, or as described
in Par. [C9. Should the manufacturers’ counterbalance
data bq used, it is suggested that a check be made
using al polished-rod measurement technique.

C14. | The horizontal dotted line drawn across the
dynamdmeter card in Fig. C2 is the counterbalance
effect nmeasured with the dynamometer at the 90-deg
crank gngle and is 4594 1b. The maximum moment
can then be calculated as follows, using formula C.12:

M|= TF (W.—B)
Sin (90° + 7)

= 3838 X (4594 + 1535) / .891
264,008 in.—Ib.

(The topque factor of 38.38 is the value.at'the 90-deg
cran)k Qosition and angle = is 27° for)the example
unit).

Il

= 326,592 — 263,744 = 62,848 in.—]bh.

These values may be calculated for other crank angle
positions in the same manner as outlined above. Shown
in Fig. C3 is a plot of torque vs. crank angle which
includes the net -polished-rod load torque curvg, the
counterbalance torque curve, and the)net cr
torque curve.

Those wanting more precise-results must reali
true stroke length can vary somewhat with a
in beam position in relation to the centerline
saddle bearing due, td an adjustable feature proyided
on most medium to/large sized units or due to manu-
facturing tolerances. Any dimensional deviation] will
produce some change in the angular relationkhips
with a resultant minor change in the torque factors
furnished by the manufacturer.

C17.The geometry of the utilized dynamomete}r can
influence the determination of instantaneous load val-
ues for the various specified or selected crank arngles.
When critical calculations are to be made the dyna-
mometer manufacturer should be contacted for i
mation on the involved performance characteristics of
his dynamometer and the procedures that should be
followed to adjust the recorded card when comp
accurate data are required.

C18. It must be recognized that the maximum| and
minimum loads will most frequently fall at points ¢ther
than the 15-degree divisions for which torque faftors
are provided. Interpolation between 15° divisiofs is
permissible without significant error.

49
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-~ | —————

Downstroke

En—
Upstroke
FIG. C1

FRONT MOUNTED GEOMETRY, CLASS III LEVER SYSTEM
See Para. C4 for definition of symbols.
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FIG. C2

DIVISION OF DYNAMOMETER CARD BY CRANK ANGLE USING
API POLISHED-ROD POSITION DATA
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FIG. C3
TORQUE CURVES USING API TORQUE FACTORS
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APPENDIX D

RECOMMENDED PRACTICE FOR THE CALCULATION AND APPLICATION OF
TORQUE FACTOR ON PUMPING UNITS
(Front Mounted Geometry Class III Lever System Air Counterbalance)

Definition

iven crank angle
factor which, when multiplied by the load in
at the polished rod, gives the torque in inch-
at the crankshaft of the pumping-unit reducer.

of Calculation

D2| Torque factors (as well as the polished-rod
n) may be determined by a scale layout of the
eometry so that the various angles involved
may He measured. They may also be calculated from
the dimensions of the pumping unit by mathematical
treatment only. The approved form for submission of
torque factor and polished-rod position data are given
in Fig. A2, Appendix A.

D3] Torque factors and polished-rod positions are
to be [furnished by pumping-unit manufacturers for
each ]15-deg crank position with the zero position at
6 o'clock. Other crank positions are determined by
the gngular displacement in a clockwise direction
viewefl with the wellhead to the right. The polished
rod ppsition for each crank position is expressed as
a fragtion of the stroke above the lowermost position.

D4 Referring to Fiz. D1, the following system
of nomenclature and symbols is adopted:

A | = Distance from the center of the Samson
Post bearing to the centerline of the pol-
ished red, inches.

C | = Distance from the center of the Samson
Post bearing to the center of the¢ equalizer
bearing, inches.

P | = Effective length of the pitman, inches,
(from the center of the equalizer bearing
to the center of the crank-pin bearing).

R | = Radius of the crank;. inches.

K | = Distance from the center of the crankshaft
to the center of‘the Samson Post bearing,
inches.

H | = Height from'the center of the Samson Post
bearing.to{the bottom of the base beams,
inches:

I = Horizortal distance between the centerline

of-the Samson Post bearing and the center-
line of the crankshaft, inches.

0 = Angle of crank rotation in_a clockwise

direction viewed with the wellhead to the
i ing at 6

o’clock, degrees.

B = Angle between C and P, degrees:

o = Angle between P and R. degrees, megsured
counterclockwise from R_to P.

¥ = Angle between C and |K;/degrees, (fequals
angle x — angle p).

¥, = Angle between ¢ and k, degrees, at |top
(highest) polished-rod position.

¥, = Angle between c and k, degrees, at bot-
tom (loweSt) polished rod position.

X = Angle\between C and J, degrees.

p = Angle between K and J, degrees.

TF % “Torque factor for a given crank angle o,
inches.

W = Polished-rod load at any specific [crank

angle 6, pounds.

W. = Counterbalance effect at the polished rod
at any specific crank angle 6, pounds.
Equals M (P.—S)

Ta = Net torque, inch-pounds, at the crankshaft
for a given crank angle 6.

M = Geometry constant for a given unit,|sq. in.
(distance from Samson Post Bearing to air
tank bearing multiplied by the area pf pis-
ton in the air cylinder divided by the dis-
tance from the Samson Post Bearing] to the
centerline of the polished rod).

P. = Pressure, psig, in air counterbalancp tank
for a given crank position 6.

S = Pressure, psig, in air counterbalan;ﬁ tank
required to offset the weight of the walking

beam, horsehead, equalizer, pitmans,| ete.

tion of the stroke length above the [lower-

PR = Polished-rod position expressed as 1 frac-
e 6.

most position for a given crank an

G | “)Height from the center of the crankshaft
—tothe bottom of thebase-beams;inches:

J = Distance from the center of the crank-pin

bearing to the center of the Samson Post

bearing, inches.

Il

\/ C2+ P2-(2CPcospB)

¢ = Angle between the 6 o’clock position and K,
degrees; equals

I
° __ -1
180° — tan [ e

D5. By application of the laws of trigonometric
functions, the following expressions are derjved. All
angles are calculated in terms of a given crank angle
8.

= AR

TF = C sin 8

Sin @ is positive when the angle ¢ is between 0 deg
and 180 deg, and is negative when angle q is between
180 deg and 360 deg.
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Sin B is always positive because the angle B is always
between 0 deg and 180 deg. A negative torque factor

(TF) only indicates a change in direction of torque
on the crankshaft.

— qan® . 1 7] D2
¢ = 180 ——-tanl[H___GJ

This is a constant angle for any given pumping unit.

first step in calculating the net crankshaft torque is
to divide the dynamometer card so that the load may
be determined for each 15 deg of crank angle 4. Lines
are projected down from the ends of the card, as
shown, to determine its length which is proportional
to the length of the stroke.

The length of the base line or zero line is then
divided into 10 equal parts and these parts are sub-
divided. This may easily be done with a suitable scale
along a suitable diagonal line as shown.*

[Feelp2 g2 P2 ogR oog (s ,«)'1
ﬂzcos'lL - 2éP J ......... D.3

The cod of (6—¢) is positive when this angle is be-
tween 270 deg and 90 deg moving clockwise, and is
negativg from 99 deg to 270 deg moving clockwise.
When the angle (6—¢) is negative, it should be sub-
tracted [from 360 deg, and the foregoing rules apply.

© = | sin [E_flm_ﬂ_] D4
. R sin (9—g) ']

— -1 —_— N T - ]’)_

p = |sin [ 3 _I - 5

The angle p is taken as a positive angle when sin
p is positive. This occurs for crank positions between
(0 — @) = 0deg to (6 — ¢) = 180 deg.

The 4ngle p is taken as a negative angle when sin
p is negative. This occurs for crank positions between
(0 — ¢) = 180 degto (9 — ¢) = 360 deg.

= x4+ . D.6
sing=|sin [B+ ¥+ (0 —&) e D.7

PR = H .................................................. D.8
oo o [CEE D] S B
¥y = cps? [Cz + KzéEI{(P - R)z:l ..................... D.10
Application of Torque Factors

orque factors are used primarily for deter-
mining peak crankshaft torque on operating pumping
units. The procedure isto)take a dynamometer ecard
and thep use torque fdctors, polished-rod position fac-
tors, counterbalance information to plot the net
torque qurve. Poirts)for plotting the net torque curve
are calqulated front the formula:

Ta = TEAW—W.) D.11

e~formula for net crankshaft torque, Tha,
t_include the change in struetnral nnbalance

(Y]

D9. The counterbalance line may then be-dfawn
on the card. To avoid time-consuming geometrical|con-
siderations, it can be assumed that the counterbalpnc
line is straight between the two end points-of i
mum and minimum counterbalance.)The assymed

actual counterbalance around the\midpoint of| the
stroke, slightly higher at the bottom of the stroke)and
nearly equal at the top of the'stroke.

For the sample calculation, the recorded maxi

stroke, 0 degree crank position, was 328 psig and the
minimum air pressure’at the top of the stroke,| 180
degree crank positionj.was 262 psig. Using the |for-
mula, We = M(P.5£S) where M = 52.5 in.2 and|S is
73 psig (as furnished by the pumping unit manyfac-
turer) we calculate the following results:

Maximum_counterbalance at the 0 degree cfank
position is.We = 52.5 (328—73) = 13,358 pounds
counterbalance at the polished rod. 13,388 divide
the scale’constant, 11,300 lbs per inch gives us
inches.

Minimum counterbalance at the 180 degrees ctank
position is We = 52.5 (262—73) — 9923 pounds.
divided by 11,300 lbs per in. gives us .878 inch.

The counterbalance line can now be drawn on| the
dynamometer card as shown in Fig. D2.

equals 75 deg. From polished-rod stroke and tolque
factor data for the particular 86 in. stroke 320-D
Pumping Unit used for this example, it is found fhat
the position of the polished rod at 75 deg is 0

and that the torque factor TF is 89.02. A vertical|line
is drawn from the 0.332 position on the scale up to
the point of intersection with the load on the|up-
stroke (Fig. D2). The dynamometer deflection at|this
point is read to be 1.45 in. which, with a scale fon-
stant of 11,300 lb. per in., makes the load, (W) at
that point 16,385 Ib.

D11. In a similar manner, the polished-rod Joad

may be obtained for each 15-deg angle of crank rota-
tion. The dynamometer card has been marked to show
the load and position involved for each 15 deg of cgank
angle. However, it is usually only necessary to ddter-
mine the maximum polished rod load which in|the
example ca rees

with change in crank angle; neglects the inertia ef-
fects of beam, equalizer, pitman, crank; and neglects
friction in the Samson Post, Equalizer, and pitman
bearings. For units where crank-speed variation is
not more than 15 percent of average, these factors
usually can be neglected without introducing errors
greater than 10 percent. Some non-dynamic factors
that can have an effect on the determination of instan-
taneous net torque loadings, and which accordingly
should be recognized or considered, are outlined in
paragraphs D14, D15, and D16.

D8. To illustrate the use of torque factors, a
sample calculation will be made. A dynamometer card
taken on a 5560 ft well is shown in Fig. D2. The

crank position. The maximum dynamometer deflection
at this point is 1.60 inches which when multiplied by
the scale constant of 11,300 1b. per inch gives 18,080
pounds polished rod load.

D12. The net torque, Tn, can now be determined.

In the formula Tn = TF (W—W.), the value

*Using the polished-rod position data, vertical lines
representing each 15 deg of crank angle are projected
upward to intersect the dynamometer card. Then the
polished-rod load may be determined for each 15 deg
of crank angle.
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(W—W,) is represented by the difference in the dyna-
mometer deflection between the card and the counter-
balance line. Referring to the card in Fig. D2, we
read the difference in the dynamometer deflection be-
tween the counterbalance line and the well card as .36
inch at 75° crank position. This value multiplied by
the scale constant of 11,300 and the torque factor of
39.25 at 75° crank position gives 159,669 in-lb net
torque. These values may be calculated for other
ci‘ank positions in the same manner. Fig. D3 is a
plot o

true stroke length can vary somewhat with a change
in beam position in relation to the centerline of the
saddle bearing due to an adjustable feature provided
on most medium to large sized units or due to manu-
facturing tolerances. Any dimensional deviation will
produce some change in the angular relationships with
a resultant minor change in the torque factors furn-
ished by the manufacturer.

D15. The geometry of the utilized dynamometer can

D13. The foregoing sample illustration on the use
of torgue factors has been based on the pumping unit
operating with the cranks rotating toward the well
from top dead center. If the pumping unit is operating
with the cranks rotating away from the well from top
dead genter, the calculation technique is changed only
in the|use of the torque factor in the polished-rod posi-
tion Hata form. (Fig. A2, Appendix A, Std 11E.)
The yosition of crank, degrees, (Col. 1) is reversed,
starting from the bottom with 15 deg and counting
up in [15-deg increments to 360 deg.

D14. The foregoing technique is generally accepted.
Thosd wanting more precise results must realize the

influence the determination of instantaneouslohd val-
ues for the various specified or selected crank)gngles.
When critical calculations are to be made-the| dyna-
mometer manufacturer should be contacted for] infor-
mation on the involved performance’charactgristics
of his dynamometer and the procedures that [should
be followed to adjust the recorded’/card whem com-
pletely accurate data are required.

D16. It must be recognized that the maximum and
minimum loads will mostfrequently fall at point§ other
than the 15-degree divisions for which torque factors
are provided. Interpolation between 15° divisions is
permissible without significant error.

N

Downstroke

FIG. D1

a

Upstroke

PUMPING UNIT GEOMETRY
See Para. D4 for definition of symbols


https://standardsiso.com/api/?name=c22a988b1317f285a63425626b0b8aa5

ISO 10431:1993(E)

Spec 11E: Pumping Units 47
| UPSTROKE
| 0
|
I
I

30

90
10
120

18,080 LHS.

FIG. D2
DIVISION OF DYNAMOMETER CARD BY<CRANK ANGLE USING
API POLISHED-ROD POSITION DATA

400 |
THEORETICAL
/ NET TORQUE

300 P Y
W 4 N3200 REDUCER
a / LIMIT
[1 e
[0}
*- \
o 200
o
2
2
o
e
S5 160
2 \
('
(o}
o o | | CRANK ANGLE IN DEGREES
S 60 120 180 240 300 360
P
D
(@]
X
= -00

-200

te—— UPSTROKE | a—— DOWNSTROKE —— &
[1IE-D3

FIG. D3
TORQUE CURVES USING API TORQUE FACTORS
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